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Abstract. The gamma-ray instruments on-board INTEGRAteoan unigue opportunity to perform time resolved analysis on
GRBs. The imager IBIS allows accurate positioning of GRBs and broad band spectral analysis, while SPI provides high reso
lution spectroscopy. GRB 030501 was discovered by the INTEGRAL Burst Alert System in the ISGRI field of view. Although
the burst was fairly weak (fluendgg_sookev = 3.5 x 1076 erg cnt?) it was possible to perform time resolved spectroscopy with

a resolution of a few seconds. The GRB shows a spectrum in the 20-400 keV range which is consistent with a spectral inde
I' = —1.8. No emission line or spectral break was detectable in the spectrum. Although the flux seems to be correlated with the
hardness of the GRB spectrum, there is no clear soft to hard evolution seen over the duration of the burst. The INTEGRAL dat:
have been compared with results from the Ulysses and RHESSI experiments.
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1. Introduction of these rapidly fading objects. Although GRBs were not o

; . of the main targets for the scientific program of INTEGRA
Gamma Ray Bursts (GRBs) were discovered by chance in %@ ' 9 ientinc prog

late 1960s by the Vela experiments (Klebesadel et al. 197,

They have been proven to be extragalactic in origin after e ]
successful identification of an X-ray afterglow by BeppoSAX gl t(':/:dprf onr::gte; rﬁligslizagzﬁfeéF%Eesatvfﬁfﬁbtwgssogusrt?ﬁ
(GRB 970508; Piro et al. 1998) with an optical counterpart fiid of view. Since the field of view is about 29 degrees, o
redshiftz = 0.835 (Metzger et al. 1997). Even though we ar amma-ray burst per month is expected to be observeé. ]
now rather confident that long GRBs are related to massive Xie has been confirmed so far by the six bursts in the fielc

plosions in distant galaxies, there are still many open questiqﬁgw between November 2002 and May 2003: GRB 0211
remaining. First, whether GRBs are related to Supernova ¥azzano & Paizis 2002), GRB 021219 (Mereghetti et |
plosions, and also, what the connection to the star formati 802) GRB 030131 (Borll<owski et al. 2003), GRB 0302:
phenomenon is. Another crucial point is the exact meCham?KWere,ghetti et al. 2003a), GRB 030320 (Méreghetti ot

i 2
by which GRBs can produce an energy output-at° ergs 2003b), and GRB 030501 (Mereghetti et al. 2003c). In ad

(under the assumption that the emi_ssion is isotrppic, WhiChtlgn, the anticoincidence shield (ACS) of SPI can be used a
probably not true). Prompt observation of GRBs in several e%Lsky monitor for GRBs (von Kienlin et al. 2003)

ergy ranges is essential to obtain high quality data for the study During the last three bursts in the field of view, both S|
Send gprint requests toV. Beckmann and IBIS, were in full operational mode, allowing time resolve

e-mail:Volker.Beckmann@obs.unige.ch spectral analysis.
* Based on observations with INTEGRAL, an ESA project with
instruments and science data centre funded by ESA member stateeNTEGRAL observation
(especially the PI countries: Denmark, France, Germany, ltaly,
Switzerland, Spain), Czech Republic and Poland, and with the p&RB 030501 was detected on 1st May 2003 at 03:10:18
ticipation of Russia and the USA. with data from the low energy detector of the IBIS instrumel

inkler et al. 2000), the two main gamma-ray instrumen
e imager IBIS (Ubertini et al. 1999) and the spectrome
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i detected by ISGRI. As the GRB falls into the partially coded

] field of view, the low position accuracy of SPI is not surprising,
as only part of the detector plane (5 out of 19 detectors) is in
fact illuminated by the event.

The peak gamma ray fluXpe_200kevs in the 20-200 keV
band measured by SPI in a 2 s bin starting at 03:10:20 UTC is
2.8+0.4 photons cm?s ™. This is consistent with ISGRI where
fo0_200kev = 2.7 + 1.2 photons cr? s was measuredina 1 s
bin starting at 03:10:18.4 UTC, reaching the peak about 1 s
before it occurs in the SPI data. The fluenEg_2gokev, Mmea-
sured for the GRB by both instruments in the same band and
integrated over the full burst visibility period is also consistent:
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§ The GRB was also observed by the Ulysses experiment (Hurley

5 | 1 et al. 2003). Due to the weakness of the detection the reported

§ oo ] fluence, in the 25-100 keV band, is uncertain by about a factor
ol ‘ ‘ ‘ ‘ ] of two, but this is still consistent with the measurements made

20 40 60 80
TIME after 03:10:00 UT (s)

by the INTEGRAL instruments:

Fig. 1. Top panels: ISGRI lightcurves in the soft and hard band, re- SPI:Fos_100kev =~ 2.0x 10%ergcm?
spectively. IBAS triggered the GRB alert, within half a minute from . 6 2
the burst start, based on the ISGRI data. Bottom panel: hardness ratio SCRIF2s-100kev = 1.5 107 ergcm

evolution derived from the ISGRI countrates. ULYSSES:F,5 100kev = 1.1 X 1076 erg cm?Z.

R

R

The ~30% uncertainty on ISGRI fluence is dominated by
asfystematic errors on the response of the instrument at large
off-axis angles. We note however a good agreement with the
§PI value, which confirms the value obtained with ISGRI. The
. : . .~ overall spectrum of the burst based on SPI data is shown in
technique andfbers an instrumental resolution efi2 arcmin . . ) X

d Fig. 2. The GRB occurred in a pointed observation of 1800 s

over the field of view of 29x 29°. The source location pre-I th. The backaround emission was estimated from this
cision depends on the brightness of the source, and is aboue grou ISsion Wi ' :

1 arcmin for sources with a detection significance af 10he pointing, but excluding the time when the GRB occurred. The

GRB was detected in the ISGRI data by the INTEGRAL Bursq’F;Bs';dg“iCtaX'e .“plto at 'easlt 200 keVin tbott:]‘ thgp'ls(ff'
Alert System (IBAS; Mereghetti et al. 2001), which automatf" I It? a S'?]gte p_ova/er gfw_ rei)rsessirgslo i ata
cally determines the position and time of events which occur ' 'esutting in a photon index @t = —1.6o£ L.1U. A more

the IBIS field of view. The IBAS alert was distributed approx(—:ompllcatt9d model (e.g. a broken power law or a Band model,

imately 30 s after the burst start time with a positional unc I?_and et al. 1993) does not improve the fit, thus no spectral

: . : reak is detectable. This result is consistent with the spectral
t f only 4 M hetti et al. 2003c). The ISG :
Iiéglllirw]gu?vgnisyshg\:\fnn;:lnlz(ig e{eg clieta ©). The slope ofl' = —1.75+ 0.10 derived from ISGRI data. For the

A later analysis, performedfiline, on the ISGRI data ISGRI data the background can be estimated at the same time
revealed a position of (J2000.0) TE3C, +6°18"26° with as the source flux, using the Pixel lllumination Function (PIF).

. : ) Spect tracted ti PIF f h bi
an uncertainty of~3 arcmin (Mereghetti et al. 2003c). The pectra are extracted computing one or each energy bin

} 128 i I d bins have b d).
gamma-ray burst had a duration of 40 s. Data from the spéc— inearly spaced bins have been used)
trometer SPI were also analysed at the INTEGRAL Science : .
Data Centre (ISDC; Courvoisier et al. 1999; Beckmann 200 There was a marginal detection of the G.RB by the SPI-ACS

. . ) : urley et al. 2003). The low countrate of this GRB is expected
SPlis designed for high spectral resolution (FWHM of 2.5 kein the ACS data, as thefective area for events in the field of
at 1 MeV) in the energy range 28000 keV, which is achieved ’

by 19 cooled germanium detectors. A coded mask inﬁeW of SPI is small for the ACS, which shields the spectro-

128 elements provides an instrumental spatial resolution %r]aph fromthe sides and fromits back (von Kienlin etal. 2003).

2.8 degrees. The position accuracy for point sources can be getailed description how to perform the extraction of a GRB
<5 arcmin (for a source witls/N = 100). The position for from SPI data can be found at

GRB 030501 extracted from the SPI data is (J2000.0D 779, http://isdc.unige.ch/Instrument/spi/pages/
+6°25™ (x21arcmin), which is 19 arcminfbthe position usermanual.html

the Integral Soft Gamma Ray Imager (ISGRI; Lebrun et
2001), which consists of 128 128 CdTe crystals sensitive
in the energy range 1300 keV. ISGRI uses the coded mas
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Fig. 2. GRB spectrum in the range 20—400 keV, taken from the SPI 0 2 40 60
data over 20 seconds after the burst occurance. seconds after 03:10:00 UT
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Fig. 3. Lightcurve of GRB 030501 measured by the spectrograph
The combination of Ulysses and INTEGRAL data also aRHESSI.

lowed triangulation of the GRB event by the 3rd Interplanetary
Network (IPN). The result is consistent with the ISGRI posi-
tion (Hurley et al. 2003). The INTEGRAL X-ray (JEM-X) and
optical (OMC) monitors were unable to provide any additional
information since the GRB was located well outside of the re-
spective fields of view of these instruments.

3. Comparison with RHESSI observation of
GRB 030501

GRB 030501 has also been seen by the spectrometer of the
Ramaty High Energy Solar Spectroscopic Imager (RHESSI),
which is a NASA Small Explorer satellite designed to study I % |
hard X-rays and gamma-rays from solar flares (Lin et al. 2002). I % % % % ]
The instrument consists of 9 germanium detectors, each of vol- oL % % % % i
ume 300 cr, that cover an energy range of 3 keV to 17 MeV, , % ]
with an energy resolution of about 3 keV (FWHM) at 1 MeV e
(Smith et al. 2002). The detector uses a Rotation Modulation 0 20 40 60
Collimator (RMC) system for high resolution imaging of so- seconds after 03:10:00 UT
lar flares. The germanium detector_s are only lightly shieldqqg_4_ Lightcurve of GRB 030501 in the same energy band as 1
Above about 60 keV, they have a significant response to ph@iess) data, taken from INTEGRASP!.
tons from any direction in the sky. Thus, RHESSI is a sensitive
GRB detector, and as such it is part of the IPN.

The lightcurve of GRB 030501 as seen by RHESSI in the
40-120 keV band is shown in Fig. 3. The peak photon flux
measured ig7o_200kev = 0.55+ 0.17 photons cr?s™1, and the

fluence over the 20 s burst duratiorFisy sookey ~ 2.1+ 0.6x POWer law to the data in time bins 020 s over a period of
108 erg cnr2. 30 s after the burst started.

1 |

flux (40 — 120 keV) [ph/cm**2/sec]

The results are shown in Fig. 5. The spectrum starts ap|
ently rather steep, but then immediately has a photon inde;
I' ~ —1.5 as the flux increases. Before the GRB is below t
Although the burst is comparably weak, the sensitivity afstrumental sensitity, it apparently softens again. In the ISC
ISGRI and SPI allows the study of the lightcurve of the prompliata there is evidence of hardness intensity correlation as ¢
emission. We show the SPI lightcurve in the same energy banather GRBs before (e.g. Ford et al. 1995). This is consist
as for RHESSI in Fig. 4. The peak flux is reache#l0 s with the SPI data, though the statistic is not high enough
after the burst started. Spectra were extracted from the SBhstrain the results. No clear spectral evolution is seen in
data, in 5 logarithmically binned energy bands between 20 adata. The hardness ratio evolution in the RHESSI data sho
400 keV. For ISGRI the data have been binned in order to hasimilar trend to the one seen in ISGRI (Fig. 1), though the er
at least 25 counts per bin. XSPEC 11.2 was used to fit a sinbke's are larger.

4. Time resolved results on GRB 030501
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I ] resolution (16us) to study those events, as the RHESSI spec-
ar T 1 trograph is a non-shielded all-sky monitoring instrument.
I ] This GRB demonstrates the great capabilities of

INTEGRAL and the software package, provided by the

5 ISDC in collaboration with the instrument teams. The time lag
9 T P ] between GRB occurrence and providing detailed spectral and
£ %_ H*%* timing analysis is less than half a day.
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Fig. 5. Evolution of the spectral slope of a single power law, fitted t§and, D. L., Matteson, J. L., & Ford, L. A. 1993, ApJ, 413, 281
the ISGRI (open squares) and SP! (filled circles) data of GRB 0305@82zano, A, & Paizis, A. 2002, GCN, 1706
The ISGRI data points have been shifted8y5 s for better visibility,. Beckmann, V. 2002, Proc. XXII Moriond Astroph. Meet., 417

The definition of the photon index i o« . [astro-ph/0206506]
Boer, M., & Klotz, A. 2003, GCN, 2188

Borkowski, J., ®tz, D., & Mereghetti, S., 2003, GCN, 1836
) ) Courvoisier, T., Poletta, M., & trler, M. 1999, Astron. Lett. Comm.,
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. . . Ford, L. A, Band, D. L., Matteson, J. L., etal. 1995, ApJ, 439, 307
Optical follow up observation has not revealed an optical couR- 5 2003 GCON. 2189

terpart to this GRB (Boer & Klotz 2003; Fox 2003; Rumjantse&hirlanda, G.. Celotti, A., & Ghisellini, G. 2002, A&A, 393, 409
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ited toR > 20.0 mag (Ofek et al. 2003). Also analysis of optiLebrun, F. 2001, in Proc. 4th INTEGRAL Workshop, ESA SP, 459,
cal observations carried out with the automatic 25 cm TAROT 591

telescope shortly after the burst occurrence (i.e. within 15 mig. R. P., Dennis, B. R., Hurford, G. J., et al. 2002, Sol. Phys., 210, 3

shows no optical counter part wih< 18.0 mag (Klotz & Boer Mereghetti, S., Cremonesi, D.l., & Borkowski, J. 2001, in Proc. 4th
2003) INTEGRAL Workshop, ESA SP, 459, 513

- - . . reghetti, S., @tz, D., & Borkowski, J. 2002, GCN, 1766
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extinction ofE(B — V) ~ 15, identification of an optical coun- ApJL, in press{astro-ph/8394477]

terpart is indeed dicult, if notimpossible. _ Mereghetti, S., Gz, D., & Borkowski, J. 2003b, GCN, 1941
As no break in the spectrum was detected in either thgyreghetti, S., @tz, D., Borkowski, J., et al. 2003c, GCN, 2183
SPI or the ISGRI data, it can be assumed that the peak ®ftzger, M. R., Djogovski, S. G., Kulkarni, S. R. et al., 1997, Nature,
ergy of this long GRB is eitheEpeak < 30keV or Epeak > 387, 879
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200 keV. GRB 030501 shows a similar spectral behaviour fgeece, R. D., Briggs, M. S., Mallozzi, R. S., et al. 2000, ApJS, 126,
bursts studied before (e.g. GRB 921207; Ghirlanda et al. 2002) 19
but is about a factor 10 weaker than the bursts where time relumyantsev, V., Pavlenko, E., & Pozanenko, A., 2003, GCN, 2202
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