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Abstract

FREGATE, the gamma-ray detector of HETE-2 is entirely defdid to the
study of GRBs. Its main characteristic is its broad energygea from 7 keV
to 400 keV. This energy range can be further extended downke\2using
the data from the WXM, the X-ray detector of HETE-2. Such g@éaenergy
range allows to study in details the prompt emission of GRBgrmining with
a high precision their spectral parameters. Moreover, Uszthis energy range
extends at low energies, the sample of GRBs detected by RREGRTE and
WXM contains a significant fraction of X-Ray Rich GRBs and XyRFlashes.

We present here the distributions of the spectral parasietesured for the
time integrated spectra of 50 GRBs. We put emphasis on thebditgon of the
low energy spectral index. Because FREGATE and WXM detected all classes
of GRBs, we also discuss the connection between GRBs, X-RAyGRBs and
X-Ray Flashes.

1. Introduction

FREGATE is the gamma-ray detector of HETE-2 (see Atteia .€2@03)
for a description of FREGATE). Its broad-energy range 7-4&@ which can
be extended down to 2 keV using the WXM instrument (see Sikias et
al.(2003) for a description of WXM) allows us to determinatwiigh preci-
sion the spectral parameters of the prompt emission of thBgEeen by both
instruments. The two instruments also detected an impdreation of X-Ray
Rich GRBs and X-Ray Flashes (see Heise, J. et al. (2001) feserigtion of
these new classes) and we are now able to discuss the diffsrand the sim-
ilarities between these three populations.

We present in this paper an update of the results presentBdriaud et
al.(2003): 'Spectral analysis of 35 GRBs/XRFs observeth WMETE-2/FRE-
GATE'. This paper presented a first spectral analysis of 3B&Retected
by HETE-2/FREGATE since its launch in October 2000 and whieine well
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Figure 1.  Spectra of the different classes of GRBs: X-Ray Flashe, }-Rieh GRB and
GRB using both FREGATE and WXM data.

localized by either the instruments on-board HETE-2 (WXNBXC, see Vil-
lasenor et al.(2003a) for a description of the Soft X-Ray €a)) or by the
GRB InterPlanetary Network (IPN).

The update of the paper Barraud et al.(2003) corresponds itaceease of
the number of GRBs seen by both FREGATE and WXM which now reach
50, all in the class of long GRBs. We didn't include the tworstard bursts
GRB020113 and GRB020531 detected by HETE-2. Another inggmant is
that the spectral parameters are now obtained from a joif /XM and
FREGATE data. We thus obtain spectra ranging from 2 keV tolk&30

We focus here on the distribution of the spectral parameteesshow that
the distribution of the low energy spectral indexs compatible with the pre-
dictions of the synchrotron shock model and we show thatrafgignt fraction
of bursts have their peak energy, lower than 50 keV. We also put emphasis
on the hardness-intensity correlation. This correlatibowss that the three
populations, GRBs, X-Ray-Rich GRBs and X-Ray-Flashes fartontinuum
which strongly suggest that they are all produced by the sgreromenon.

2. The spectral analysis

Our sample is made of 50 GRBs localized either with the HEA$rument

or with the GRB Interplanetary Network and which were witl6ibf of the
FREGATE line of sight. GRB spectra are usually fit with the BBfunction
(Band et al.(2003)), which is two power laws smoothly coriedc

N(E) = AE“exp(5E) for E > (a — B)E,,

N(E) = BE® otherwise.
In this equatiom and 3 are the photon indices of respectively the low and the
high energy power lawdy, is the energy break and the peak enekgyof the
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Figure2. The photon index of the low energy power lanwersus the break enerdy,,

v f, spectrum is defined byEp = Fo x (2 + «). We have to notice that in the
case of GRBs detected by HETE-2, the energy range is ofteloroatl enough

to determine accurately all the parameters of the spegbecesdly the index of
the high energy power la@. In these cases, and in order to not neglect the flux
at high energies, we fix the value 6fto an arbitrary value which is2.3. The
combination of WXM and FREGATE data allows us to study sgedtown to

2 keV and determine accurately the paraméigreven at low energies for the
X-Ray-Rich GRBs and X-Ray-Flashes.

Figure 1 shows the f,, spectrum of one GRB in each of the three classes
derived from joint fits of the WXM and FREGATE data. The lefinghshows
the first X-Ray-Flash detected by HETE-2, GRB010213. Thatiaadof the
WXM data allowed to determine the,, which has a value of 3.4 keV. This
is the weakest GRB detected by FREGATE. The middle panel iB@38329
the “monster burst”, an X-Ray Rich with,, = 73.1 keV, and the right panel
is GRB030328 a “standard” GRB with,, = 125.5 keV.

3. Thedistribution of the spectral parameters

Figure 1.3 displaysy, the photon index of the low energy power law versus
E,, the energy break for 41 GRBs for which we were able to me$wsst pa-
rameters. For clarity of the figure, th8% error bars are shown faronly. The
dotted lines represent the limits predicted by the claksigachrotron shock
model which are-3/2 and—2/3. The values used in this plot result from a
fit of the time-integrated spectra with a cutoff power law miod his model is
similar to the Band model but it uses only the low energy padtthe spectral
break of the band function. The definition Bf, is not affected by the choice
of this model. We use this procedure because in most caseadhgy range of
HETE-2 (2—400 keV) is not broad enough to determine goodegatig and
the values oftr and E,, are less constrained if we use the Band function 1.2.
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Figure3. Distribution of the spectral index

This figure also shows that whatever the value of Eo, all wahfex are
compatible with the values expected from the synchrotracisimodel. In this
model, the emission comes from synchrotron radiation echltly a population
of shock accelerated electrons (Katz, J.1. (1994), Coheet, &. (1997), Llyod
& Petrosian (2000)). We can also notice that there is a sagmififraction of
GRBs with E, lower than 50 keV.

The histogram 3 displays the distribution of the photon inaolehe low energy
power lawca. This distribution peaks at1.2 and has a full width at half
maximum of approximately 0.5.

4, The hardness-intensity correlation and the connection
between GRBs, X-Ray-Rich GRBs, and X-Ray-Flashes

Figure 1.4 shows the hardness-intensity correlation @bgeby HETE-2.
The y-axis shows the inverse of the hardness ostfteess (S, /.S,) which is
the ratio between the fluence in 2—30 keS.) and the fluence in 30—400 keV
(S5)- The x-axis shows the intensity, the fluence in 2-400 ke\é Titst point
highlighted by this figure is the strong correlation betwd®se two quantities
over 3 orders of magnitude in fluence, it shows that the weakmrst is, the
softer it is.

The second point is that this figure does not clearly sepXr&ay-Rich GRBs
and X-Ray-Flashes from GRBs. We define here X-Ray-Rich GRBRBs
which have a softness in the range 0.3-1, and X-Ray-Flagh&Rk®8s which
have a softness greater than 1. The two dotted lines représefimits (in
terms ofS,/S,) of the 3 populations. It is clear that there is no gap between
these populations and the continuum strongly suggesttibaetthree types of
bursts are all produced from the same phenomenon.

We now discuss if X-Ray-Rich GRBs and X-Ray-Flashes can gkiyired-
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Figure4. softness§./S,) versus total fluence for GRBs observed by HETE-2.

shifted GRBs, which was one of the first hypothesis to expaich weak and
soft bursts. To this end we looked how GRBs with known redshifuld
evolve on this diagram (1.4) if their redshifts were incesh$o z = 10. We
added lines on figure 5 which indicate the evolution of theRB&(ie GRB010921
z = .45, GRB020124 z = 3.2, GRB020813 z = 1.25, GRB021004 z %£,2.3
GRB021211z=1.01, GRB030226 z =1.98, GRB030323 z = 3.37,@3RB28

z =1.52, GRB030329 z = .17, GRB030429 z = 2.65). Redshiftsdl5aare
marked with crosses and redshifts 2 and 10 with empty squaidsat we
notice here is that these GRBs have their total fluence whechedises while
their softness increases with the redshift. We notice tmathigher value of
softness we reach at z = 10 with this methodjg S, = 2. This value is very
small compared to thé, /S, = 10 found for two bursts. This mechanism,
putting GRBs at high redshift, can apparently produce X-Reh GRBs and
X-Ray-Flashes but it seems to reach an upper limit and caodyze the very
high values of the softness observed for X-Ray-Flashes.

Figure 5 shows the softness versus the value of the peakyehgrim keV
for all the GRBs detected by HETE-2. The horizontal dasheeslirepresent
the limits of the three classes. This figure first indicates the softness is very
well representative of the value of tifg,. This is very important for spectral
analysis indeed th&, is often hard to calculate because the valua ahdE,
are sometimes not well constrained, especially for softsuvhich have their
value of £, near the lower limit of the energy range of HETE-2 (for exampl
GRB010213 hasy, = 4.2 keV and it is clear that the value of can’t be
well determinated and so the value Bf) whereas the fluence in all energy
ranges can always be calculated. This plot also shows thatigtribution of
E, covers a broad energy range similar to that covered by HETBR few
keV to several hundred keV. In addition of the distributi@urid by BATSE
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Figure5.  softness §./S-) versus total fluence for GRBs observed by HETE-2. The lines
indicates how GRBs with known redshift would evolve on thisgidam if their redshifts were
increased to z = 10.
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Figure6. softness §./S,) versusE, for GRBs observed by HETE-2.

which peaks at 200 keV HETE-2 had allowed the detection ofyransts
which have theitz, lower than 50 keV. This makes this distribution very broad.
GRBs which have a low,, are associated with X-Ray-Rich GRBs (the middle
part of the plot) and X-Ray-Flashes (the upper part of th§ plo

5. Conclusion

In this paper, we update the results presented in Barraud20@3). The
update consists of an increase of the number of GRBs to 50aarahaly-
sis which is now based on joint spectra with both WXM and FREEAata.
Joint spectra allow to study spectra from 2 keV to 400 keV dmn fprovide
more accurate values of £, and fluence ratios.

The first important result of this study comes from the disttion of the spec-
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tral parametery which is fully in agreement with the predictions of the syn-
chrotron shock model.

We have also shown that the new class of “soft” GRBs canncarantly be
explained as high redshift GRBs. But we have confirmed anenebed the
hardness-intensity correlation which strongly suggdsisthe three classes of
GRBs, X-Ray-Rich GRBs and X-Ray-Flashes, which distingusemselves

by the values of theif’, and their softness are all from the same phenomenon.
More GRBs and more broad energy coverage of GRB missionsalldllv to
refine these results and constrain models of the prompt Emis§ GRBs.
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