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Abstract. BeppoSAX detected a few GINDs with both GRE Monitor and Wicde
Field Cameras. Fast follovw—ap obscrvation of the leld wilh Nacrow Field Tostro-
ments of RAN and with cther X—ray telescopes has allowad for the detaction and
monitoring of the GIE aflterglows, We discuss the tomporal behaviowr of (e
two events betfor studied both in the whole band and in the Tand whers Narrow
Field Instruments and Wide Field Cameras overlan.

INTRODUCTION

The nature of Gamma-Ray Burst (GRB) has been the alijeclt o many in
vestigations based on the improvement of the amonnt and quality of data col-
lected in the hard X/soft gamma-ray band and on the quest for counterparts
in other wavelengths mainly hased on the Inter-Planelary Nelwork position
ing, While the first approach has been extromely suceessful enlminating with



the outstanding results of BATSE (isotropy and not homogeneity) the sec-
ond has collecled a sequence of tesults, everyone significant and inferesting
bul somehow deceiving as an ensemble, while not really giving the perception
of comverging to a result. This dillicully derived [rom the intrinsically poor
positioning capabilily of available GRE detectors. Tnstruments hased on the
comparison of Lhe signal on detectors with different orlencation have a reso-
lution that cannot go below a few degrees. BExperiments based on Lhe delay
of the detections from far away salelliles can arrive (o Lthe arcminute range
but after a long and cumbersome processing of data: in practice all the creor
boxes have been inspected months or years after the burst, This could only be
suitable for steady sources or very slowly decaying transients associated wilh
the GRB.

In the fivst part of 1997 BeppoSAX has provided the real breakthrough in
this domain. BeppoSAX pavload is a combination of different instruments [1].
While Lhe teleseopes |23 probe a narrow field wich high sensitivity, performing
itz ohservation plan as any regular observatory, the Lwo Wide Field Cameras
(40 x 400 at zero response) [4] are continnously monitering in the 2-30 kel
band, with good time and encrgy resolution, two other reglons of the sky.
The Camma-Ray Burst Monitor [53] electronivs provide an onboard Lrigpger
om snapect GRBs and high winporal resolution recording of data under these
trigeer conditions, The combination of these two was very effective, On the
GRBEM Leigger time the Science Operasion Center looks for an excess in the
WFCs raterneters, If this is found an image is made al Lime corresponding Lo
this excess. The bursl appears as a point source right at that time while other
excesses such oy scallered solar flare or magnetospheric events is cancelled by
the coded mask image reconstrilction process.

The pecnliarity of having all the instruments onboard BeppoSAX under Lhe
same scientific and operation conlrol has allowed for the development of a fast
follow—up poinling of the NFTs in the ease of serendipitous occurrence of a
GRB in the field of view of one of the two Wide Field Cameras.  In Lhese
cases BeppaSAX can provide 1) a first light curve starting [rom 10 & before
the trigaer in the band 40-700 keV., 2) An X ray light eorve (230 keV) from
long time belore the GRB, during it and after, only limited by the sensitivity
to the redoced fluxes of the GREB. 3) A lighe curve with the Narrow Field
Lustruments of the afterglow source from about 6 hours unlil it Las decayed
to levels of the order of 5 107" erpfem®s.

BEPPOSAX RESULTS ON GRBS AND THEIR
ATFTERGLOWS

Three afterglow sources have been unambiguously detected with this
method o GRBITO225 [6,7), GRBITO402 [8] and GRBITOS08 [9-11]. In case
of GREOTO11L [12,13] we only had a marginal detection. Tn fig.l we show



the light curves of the 4 GRBs for which we have performed a fast follow-up
pointing. No obvious dependence ol Lhe existence of the afterglow source on
the shape af the light corve of the GRB has been [ound vel. [ seems that
the hursts with the stronger afterglows have a higher X to v ratio already
during the GIRB. Therefore the search for the transition from the burst to its
afterglow is o primary largel ol Lhis investigation.
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FIGURE 1. Lighl ciurves of the T Beses Tor which s fast NFT pointing was performed

In fig.2? we show the long term temporal behaviour of the two bursts bet-
ter studied so far. GRDB970228 afterglow was detected avound 8 hours after
the burst [6] and [aded during the observation, The source was followed to
decay lor days by SAX, ASCA and ROSAT [ollowing a power law curve. By
extrapolating this cnrve to the time of the GRB we found a value surprisingly
conslstent with the flux of & train of pulses following the main event and also
visible in lig 1. Aller an luterruption ol data due Lo Lhe passage ab the South
Atlantic Anomaly and the Farth ocenltation the souree 18 no move detected
with WI'Cs and the upper limit is not much significant with respect to the



decay law. Lighl curve of GRBYTO508 [11] is less regular. During the first
pointing {after 6 houra] the source was varying but not with o monotonic
decay. In subsequent pointing, as shown in the fig.2 il decayed with a light
curve very lar Irom o power law, This could suggest the existence of a pap
between the GRE and its alterglow and possibly a behaviour similar to that of
the optical counterpart that peaked two days alter Lhe GRE. But in this case
data from Wide ield Camera are available up to more than two minules after
e GRB. I s apparent that alter the GRB a faine afterglow souree is present,
at levels that can he reasonably connecled wilh those of the subsequent NFIT
observations. In the present, very incomplete picture iL seems more likely that
the power law s an average trend and the actual light curve can include sig
nificant Hare activity avound this trend. Moreover data on GRBYTOE2S [rom
ATE and ASCA seem Lo confinm both the continuity of the light, enrve and
the presence of turbmlent behavionr.
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FIGURE 2. GREDBOT0228 X-ray lghl curves [ BeppoSAN Wide Field Cameras and
Narrow Ield Inscrumentsofl GIBUTEZE (squares) and GRBOTOG08 (triangles), For the
first part of the borst the average flux is displayed



SOLID RESULTS AND NEW PERSPECTIVES

Tf we want Lo resume the main risults of BeppoSAX an CRBs from the [T
of view of light curves we can state that:

e GRBs may be followed by a X-ray source not delected at the hest avail
able sensitivity hefore the burst, and fading as lang as monitored af ter;

e the afterglow sources decay with a curve lilted by a power law with an
exponent ranging from 1.1 Lo 1.5;

e due to Lhe above functional form the energy content of Lhe afterglow
in the 2-10 keV band depends on the unknown part of the ligghl curve,
If the X-ray tail of the burst slowly evelves into the afterglow the tolal
enerpy radiated in the X-ray band is of the same order of Lhe total energy
radiated [row Lhe GILB in the *convenlional” band:

» Lhe decay docs not follow Lhe same form for all the GRBs and the fusx
can show i faring activity around a template power law curve,

These data still contain a large amount of conjectures. In particular the
light curve of the GRB iu the first 1-10 minutes is of the hichest interest.
With the continuous improvement of methods of analvsis of Baint sourees with
WEFCs, the pap ol data between the WEC detection and the NFI puinting
is slowly reducing on the low time side. On the other side the prossibility
o perlorm faster TOO pointings ol the GRD field is presently challenged by
the new and slightly slower pointing system based on ame pyroscope only.
Nevertheless the capabilily of analyzing quick look data on the existence snd
on the coordinates of the GRB has significantly improved and will be userl (o
Lo lurther reduce delays of TOO pointing of NFls.
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