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ABSTRACT

Context. As a result of the numerous missions dedicated to the deteofiGamma-ray bursts (GRBs), the observed properties of
these events are now well known. However, studying theiampaters in the source frame is not simple since it requireggga
measurements of both the bursts’ parameters and of th&indiss.

Aims. Taking advantage of the forthcoming Catalog of the High Byéfransient Explorer 2 (HETE-2) mission, the aim of this
paper is to evaluate the main properties of HETE-2 GRBs —¢laé& pnergy K., the duration o) and the isotropic energy(so)

—in their source frames and to derive their unbiased digidh.

Methods. We first construct a complete sample containing all the bloslized by the Wide-Field X-ray Monitor (WXM) on-board
HETE-2, which are selected with a uniform criterion and wehobserved parameters can be constrained. We then deriverthsic
Epeals Too and Eiso distributions using their redshift when it is available,tbeir pseudo-redshift otherwise. We finally compute the
‘volume of detectability’Vihax Of each GRB, i.e. the volume of the universe in which the bigrétright enough to be part of our
sample, and the corresponding number of GRB within theibiity volume Nymax in order to derive a weight for each detected
burst accounting both for the detection significance andtaeformation history of the universe.

Results. We obtain unbiased distributions of three intrinsic preigsrof HETE-2 GRBsEg‘e‘gw Tar and the isotropic energy of
the burst. These distributions clearly show the predontdeenf X-ray flashes (XRFs) in the global GRB population. Wenals
derive the rate of local GRBR!? > 11 Gpc3yr-t, which is intermediate between the local rate obtained msicering only the
‘high-luminosity’ bursts £1 Gpc3yrt) and that obtained by including the ‘low-luminosity’ bus€t 200 Gpc3yr?).

Conclusions. This study shows that the XRFs are predominent in the GRBIptipa and are closely linked to the ‘classical’ GRBs.
We show that HETE-2 detected no low-luminosity GRB like GRE25 or XRF 060218, due to the small size of its detectors,
excluding this type of burst from our statistical analy3iee comparison of the GRB rate derived in this study with thevin rate

of Type Iiyc supernovae clearly shows that the progenitors of Sientust have some special characteristics in order to produce
gamma-ray burst or an X-ray flash.

Key words. Gamma rays: bursts — X rays: bursts



1. Introduction of X-ray flashes.

In recent years we have learned that long Gamma-ray burgtsinis paper we take advantage of the broad energy cov-

the association of a few nearby GRBs with Typg&lsupernovae

SNe WC)di GRB 980?)25 detlected by Beppo-SAX I(kPiar} et b edictions and with the known rate of Type/dsupernovae.
igg ) a(?RBSQZig?? (;N (Ga gn’tl)a ﬁETE 299?:’ Ku az)o ‘his work is partly based on the forthcoming catalog of HETE-
), etected by -2 (Crew et RBs (Vanderspek et 4I. 2408). For a description of the HRTE-

2008) and SN 20021t (Della Valle et dl. 2003), GRB 030329, i e ; Rick b ;
also detected by HETE-2 (vanderspek otlal. 503, 2004) amision and its instrumentation, see Ricker et[al. (POOttgiA

|. {2003) and Villasenor et af. (2003).
SN 2003dh (e.g. Matheson et al. 2D03; Stanek e aI.|20 : Kreli th tructi f lete GRB |
Hjorth et al.[2003a; Mazzali et ﬁﬁg), GRB 031203 detmct% ur WOtk refies on fhe construction of a compiete sample

by INTEGRAL (Gotz et aI3) and SN 2003lw (Malesani EEontammg all the long-duration bursts localized by thide

f GRB+XRF events which can be compared with theoretical

al. POOK). GRB 050525A detected by Swift-BAT (Band et a ield X-Ray Monitor (WXMpand having a signal-to-noise ratio

. “(SNR) larger than a given threshold FREGATE (FREnch
200%) and SN 2005nc (Della Valle et Gb).The assm‘at'GAmr)na—rgy TEIescop?eor in the WXM. For eacrg burst in
of the nearby GRB 060218 Qetected by Swift-BAT (CUSL_'ma’I is sample, we compute the intrinsic properties at thecsur
et al.[200p) with SN 2006aj (Masetti et &l. 2P06; Modjaz i
al. 2

— ) 5 X 0. Epeak and Eisg) by correcting the observed properties
al.[2006; Pian et al. 20D6; Campana et|al. 2006; Sollermantgly, o afect of the redshift. When a spectroscopic redshift is

al. [2006; Mirabal et alj 200pb; Cobb et DO6) provided dy; ayailaple (62 GRBs out of 82), we use {seudo-redshift
remfirkable example of this paradigm. Even though a mas Sflowing the method of Pélangeon et al., i.e. the estinséthe
srt]ars explosion can epr|fd'” the pror:juctu?ln of both ”(‘je IGRS 8redshift which is partly based on both tAgeai—Eiso (€.9. Amati
the supemova (see for instance the collapsar model prdpogg 5 BO0R) andE,emLic, (Y - ‘ :

S _ : peak—Liso (Yonetoku et al| 2004) correlations,
by”\NOSIe 3' See arl]so Woosley & BI?OE&G’ Dellgng derived from the spectral properties of the prompt doriss
Valle P006BR), these two phenomena are profoundhgint in (for more_details see Pélangeon et [al. 2006a and Pélangeon

nature: the GRB is due to an ultra—relativisti_c outflow gened & Atteia )‘ We emphasize that this procedure has little
by a newborn black hole or magnetar, while the SUpernOVail’ﬁpact on the final results since it introduces an additional

powered by the radioactive decay®Ni within a massive shell uncertainty which is much smaller than the intrinsic disper

of matter ejected at sub-relativistic velocities (e.g. &berg ﬂ;f?the parameters under study. In a second step we derive the

et al.[2006(). The question of the_link between GRBs and S sibility distance’ for each burst#y,y), the distance at which
has recently become more complicated by the discovery of tyn,

low-redshift, long gamma-ray bursts — GRB 060505 20.089 1,4

and GRB 060614 at =0.125 — which were not associated wit;M.len attribute to each GRB a weight = 1/Nymay accounting

a ?IupernIGghreIIs et ; Fynbo ‘;tOOGb; Delfgth for the detection significance and the star formation
Valle et al[2006d; Gal-Yam et gl. 2406). Itis thus fair to st history of the universe. Consequently, this method enalres

despite very significant advances in our understanding BER 1, 1eormalize the global distribution, taking into accbtire

the global picture continues to escape us and key iSSuesITemg, ¢ (4te of occurrence of each type of GRB. We finally derive
to be elucidated. Concerning the connection between GR&s 3f}c GRB rate detected by HETE-2, and we discuss the relative

supernovae, the observational CIU(?S are based on two Ih‘ats’:importance of XRFs and classical GRBs in the overall GRB
clear association of some GRBs with Typ¢clbupernovae, and population.

the evidence, based on statistical studies, that the magdrihe

9000 Type Ihc supernovae exploding each year in the universg,; ; i foll . i6h 2 i

do not produce GRBs. This last point was addressed by Ber rlfhepe:jpeesrcrliztig:]g%r;lztﬁg aHsET%_%WéRgeggﬂ\ple. |§e<(j:?é(r)]te3d

t al. (200B), ﬁoderﬁ)er et al. (20Dga, 2006b, 2006c, 200 Serences and describes the tools necessary for our study.

2004b) and Della Vallef (20p$, 20Q4a, 2006¢). The three parameters studied heBgeak Too, and Eiso, are

While the SNe | ation | H i o indiscussed in Sectiorf$ ], 5 afld 6 respectively. The remaining
e the e Ipc population is rather well sampled iny e sections are dedicated to the interpretation of thigltee

our local environment, the situation is quitéfdrent for GRBs, |, Sectiorﬂ7 we check the existence of correlations bethen
which need a complex series of detections to be fully chafiyingic parameters. In Sectigh 8, we show that our studgsi
acterized: detection of the high-energy signal in spacekqu g

S h 4. identificati f the afteral ome clues to the nature of X-ray flashes in terms of intrinsic
transmission to the ground, identification of the afterglaiv oergetics and distance-scales. Finally, in Sedfion 9 weuds

X-ray, optical or radio wavelengths, and measurement of the, \ate of GRBs in the local universe and compare it with
redshift. This situation makes our understanding of the GRB.i5.s estimates obtained by other authors. A summatyeof t

population much less secure than for supernovae. Indeed, th.i. results obtained in this paper is presented in SeFton 1
observations by Beppo-SAX, HETE-2, and now Swift have pap P @o

demonstrated the diversity of the GRB population, which is

composed of classical GRBs, short-duration GRBs, X-ray Obtaining of a complete sample of HETE-2 bursts
flashes (XRFs), and low-luminosity GRBs. In this classifuat

the ‘classical GRBs’ appear to be the ‘high-luminosity’ fpar2.1. Instrumentation

(HL-GRBSs) of a population which could consist mostly of low-_. . . . :
luminosity or subluminous bursts (LL-GRBs), like GRB 98642Slnce its launch in October 2000, the HETE-2 satellite (Rick

. 5 : al. [200[), dedicated to the detection and observation of
(Tinney at al.8) and GRB 060218 (Mirabal e06a), amma-Ray Bursts, has detected 250 events classifiéiRBs

Send gprint requests toA. Pélangeon & J-L. Atteia (Vanderspek et a8). Thanks to the combination of its 3
e-mail: [alexandre.pelangeon/atteia]@ast.obs-mip. fr instruments, th&FREnch GAmma-ray TElescogEREGATE,

SNR of the burst reaches the threshold of our analysis, an
number of GRB within its visibility volumeNymay. We
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Atteia et al.[2003a), thewide-field X-ray CamergWXM, FREGATE (Atteia et al 200Ba). With this cut, only one busst i
Shirasaki et al.]| 2003) and th8oft X-ray Camera(SXC, rejected: GRB 020201, whose angle i$ 5bhis step leaves 90
Villasenor et al| 2003), HETE-2 has a broad energy rangerecov&RBs in the sample (see F@. 1).

ing the hardX-rays andy-rays (2-400 keV), allowing the detec-
tion of bothclassicalandsoft GRBs (XRFs). Moreover, HETE- .
2 was designed to provide GRB positions to the communi?y2'4' Short-duration bursts

through theGRB Coordinates Network (GCNBarthelmy et \We also rejected the two bursts classified without ambiguity
al. 2000) with an accuracy of one to several arcminutes,iwithas short-duration bursts: GRB 020531 (Lamb ef al. p003) and
seconds of the trigger. Consequently, multi-wavelengdugd GRB 050709 (Villasenor et aj. 2005). This is based on the fact
follow-up was done for most HETE-2 GRBs, leading to the déhat this class of burst is probably not associated with &mees
termination of 25 spectroscopic redshifts. progenitors as the long GRBs. As one goal of this paper is to
discuss the rate of long GRBs in the local universe and to com-
pare it with the rate of SNe, we have excluded the short-thrrat
bursts, leaving 88 bursts in the sample.

It is of prime importance for our study to construct a GRB sam-

ple for which the detection criteria are fully understood@an 5 5 = Theshold cut

be reproduced. This is essential for the determinationefiki-

bility volume of each GRB in the sample. In addition it is nece Finally, in order to have homogeneous detection criterieafb
sary to be able to compute for each burst the three paranuéterthe events of the sample, we removed the GRBs with a signal-
our study:Epeax Too, and the fluence. This section explains thto-noise ratio (SNR) lower than a given threshold in FREGATE
construction of the sample and in the WXM. These SNR were computed as follows:

2.2. Burst selection

— we measured the peak count rate of each burst. For

2.2.1. Availability of the spectral data FREGATE we used two flierent time resolutions (1.3 and
5.2 s) and two dferent energy ranges (6-80 and 30-400 keV)

We considered all the 250 events that constitute the totapka corresponding to the bands used by the instrument to trigger
detected by HETE-2, i.e. both triggered and untriggeredtsur ~ For the WXM we used three flierent time resolutions (1.2,
thus reducing the bias due to trigger algorithms. Then, we se 4.9 and 9.8 s) and the total energy range of the WXM (2-
lected the bursts for which the angle of incidence was measur 25 keV).
by any experiment. Its knowledge is necessary to perform the we computed a SNR for each burst in all the combinations

spectral analysis of the bursts and to derive tEgi. andEiso. of time resolution and energy range. We kept only the GRBs
Of the 250 GRBs, 132 have no accurate localization and were for which the SNR exceeded 7.9 in FREGATE or 5.8 in the
rejected, leaving 118 GRBs. WXM (in at least one combination of the time and energy

Among these bursts, we have also rejected GRB 040810 becauseanges, see Fifj 2).
this long and intense burst occurred as the instruments beere

: This last criterion removed 6 bursts with a low SNR:
Eg?gf‘;_‘mv"”'Conseq”e”t'yonlythe precursorwas detéstedsoe 611103, XRF 020903, GRB 030323, GRB 030706,

GRB 040131 and GRB 040228.

2.2.2. Technical problems Our final sample contains 82 GRBs whose properties are

- _ iven in Tableg ]2 anf] 3.
Of the remaining 117 GRBs, 2 bursts were rejected due to tech-

nical problems: GRB 010110 was detected and localized by the
WXM when FREGATE was not working. It is thus impossible?-3. The cases of XRF 020903 and GRB 030323
to constrain the spectral parameters with only the WXM datﬁl

: ; These two bursts have a spectroscopic redshift but theyeare r
The second burst rejected is GRB 021113. At the moment Offé?:ted from our sample due to their SNR just below the thresh-

detection there were onboard software problems that digeret ; }
mit Fhe trigger to reach the ground. The spectral data areribtl ?rl(()jsscg Eﬁggsﬁ-f%s ?it%z\évél\r/l )gEIgJOZZ)bgAggﬂgg)égg\éeerSgpgf
available. al. P004h) andz = 3.372 for GRB 030323 (Vreeswijk et al.
2003) — we can argue that even if they had been present in our
2.2.3. WXM localization sample, the results presented in this paper would actuairg h
been reinforced. Indeed, situated at a moderately highhiteds
Considering the 115 remaining GRBs with a known angle, WeRB 030323 has a large visibility volume and thus a low weight
removed 24 GRBs for which the angle was obtained through t@ the other hand, the nearby XRF 020903 has a small vigibilit
localization by thelnter Planetary NetworKIPN) or theSwift volume and hence a large weight. Since this is an XRF with a
satellite (Gehrels et . 2004). Indeed, as the IPN and $ife  Jow Epeaw adding it to our GRB sample would have increased
different sensitivities, we would have added a bias to our sampie predominance of X-ray flashes which is shown in Seﬂion 4,
by considering them. and strengthened the conclusions of this paper.
Moreover, in order to have bursts well within the field of view
of the WXM, we have considered an ‘incident angle limit" of L S .
45, This angle corresponds to a limit of detection for the WX+ Deriving the intrinsic properties of HETE-2 GRBs

(Shirasaki et alf 2093), and to a decrease of trexéve areafor 3 1. Burst parameters

I The order of the steps described in this Section is notipartve  We have used the spectral parameters and durations aeailabl
could have performed them in any order and obtained the sampls. in the HETE-2 Catalog (Vanderspek et[al. 2008) which summa-
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Fig. 1. Boresight angle cumulative distribution of the 115 GRBFig. 2. Signal-to-noise ratio (SNR) cumulative distribution of
localized by HETE-AVXM, the Interplanetary Network or the 88 GRBs localized by the WXM and within 46f the bore-
Swift. The dark dashed vertical line represents the ‘arigi@’l sight. The threshold of FREGATE (SNR.9), is represented
of 45°, corresponding to the limit of detection by the WXM. Thawith the right-most vertical magenta dashed line, wherbas t
GRBs localized by the WXM are represented with black ope&hreshold of the WXM (SNR5.8) is represented with the left-
circles, the ones localized by the IPN are in blue filled wi@s, most vertical magenta dashed line. Th&atient symbols show
and the ones localized by Swift are in dark-red filled stars.  the configuration of time resolution and energy range legatin
the highest SNR for each burst: a given shape is associatied wi
given energy range and a given color corresponds to a given ti
resolution: [WXM?2-25 keV1.2 sk light-green filled circles;

rizes the information on GRBs detected by HETE-2 during tf{g\/)ﬂv' /2-25 ke\l4.€|3( ?]IT (Ijigh.t-glregn open circleks; [1V\;’XM'
entire mission and thus complements the previous spectaél a 22 f(_a”\//g.S_s]z ldar. me cg%eks, [EFEE%BOd eVv1.3 sk
yses based on smaller samples of HETE-2 GRBs performed'G{l filled triangles; [FRE(-80 keV/5.2 sf= red open trian-

2003 20b4 K b _ gles; [FREG30-400 keV1.3 sk blue filled squares; [FREGO-
Barraud et al ) and Sakamoto e005) 400 keV/5.2 sk blue open squares. Note that there is only one

light-green filled circle and one light-green open circkft(part
3.2. Burst distance of the figure) due to the fact that only one burst has its highes
SNR in the configuration [WXR-25 keV/1.2 s] and one burst
At the end of the 90s, the growing sample of GRBs witin the configuration [WXM2-25 keV/4.9 s].
measured redshift allowed new types of studies: searches fo
correlations between physical quantities — charactagizive
gamma-ray bursts’ light-curves glod spectra —in their rest
frame Following the discovery of correlations betwegg,, the

isotropic equivalent energy emitted by the burst, and wario- (. _ Lpisor Schaefef 2002)- led to more reliable luminosity
trinsic GRB properties, it has been suggested that some GRigtances than the use of only one distance indicator.
observables could be used as luminosity indicators, andehefrhe design of HETE-2 permitted the study of the energetics at
as redshift indicators. The most used are kag-luminosity \ork in GRBs, both in the observer and in the source frames.
(tiag=Lpiso) correlation (Norris, Marani & Bonnefl 2000), the For example, thé pear Eiso correlation (Amati et alf 2092) was
variability-luminosity (V—Lyiso) correlation (e.g. Fenimore & confirmed and extended at lower energy, thanks to the sample
Ramirez-Ruig 2040; Reichart & dl. 2401; Lloyd-Ronning, &ry of HETE-2 X-ray rich GRBs (XRRs) and X-ray flashes (Amati
& Ramirez-Ruiz| 2003a) and thEpeac—Eiso CorTelation — sug- P003; Lamb, Donaghy & Graziafi 20Q4a; Lamb et[al. 2004b;
peg:s&()ad by several authors (see e.g. Lloyd, Petrosian & W@llo Amati p00g), particularly XRF 020903 (Sakamoto ef[al. 2004)
00D; Atteia[2000; Lloyd-Ronning & Ramirez-Ruiz 20D2b) -The HETE-2 sample is thus appropriate for the determination
before Amati et al [(2092) firmly established it with a Stud2 of pseudo-redshiftbased on théE peai Eiso correlation. A first
GRBs with known redshift. Other correlations were foun@tat aiempt in this direction was proposed by Attdia (2003b)icivh
such as theEpeak-Lp,so correlation (Yonetoku et a4), thewas later revised by Pélangeon et Bl (2006a) to take irtouat
EpeacE, correlation (Ghirlanda, Ghisellini & Lazzgti 2004) andy,e complex lightcurves of some long GRBs

the Epear—L piso—To.s correlation (Firmani et a]. 20D6). Recently:the accuracy of this redshift indicator and its use in thisigtis
in his construction of the Hubble Diagram from a sample of 6$scussed in the following paragraph.

GRBs with redshifts, Schaefef (2007) showed that the use of
five of these correlations simultaneously — lag-luminogity,—
Lpiso. Norris et al[2000)V—Lyjsq (Fenimore & Ramirez-Ruiz 2 See e.g. Ghirlanda, Ghisellini & Firmarfi (2906) or Schad#@07)
2000); Epea—Lpiiso (SChaefe3)Epeak—Ey (Ghirlanda et al. for a complete summary of these correlations.

2004) and the minimum light-curves rise time versus lumilyos 3 See alsqittp: //www.ast.obs-mip. fr/grb/p2
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3.3. Justification of the pseudo-redshifts used in this study 10@ i pseudo-E", / BNt |
As shown in Tabld]3, 18 GRBs contained in our sample ha *

a spectroscopic redshift and 2 have a photometric redst *
(GRB 020127 and GRB 030115). We computed a pseuc; , * ok % *‘ ﬁ|%
redshift for the remaining 62 (among the 20 bursts having +, T ok

known redshift, 14 were used for calibrating the pseudo-z).
In order to test the impact of the use of pseudo-redshiftaig t

work: S ﬁﬂj peendo-E,, /B, |
— we computed the pseudo-redshifts of the 20 GRBs having e : » e ~ »
spectroscopic or photometric redshift,
— for these same 20 GRBs we computed the ratio between 1 5 % F,*
pseudo-redshift and the redshift, and the ratio ofgbeudo- *
intrinsic propertiesderived with pseudo-redshifts to the
trinsic propertiesderived using the redshift (Fiﬂ. 3).

We note that the dispersion of the ratio between the pseU(O'1 1 5

redshifts and the redshifts is smaller than a factor of . redshift redshift
except for two outliers: GRB 020819 and GRB 051022 for

which the spectroscopic redshift fidirs from the pseudo- _. : . .
redshift by factors of 2.95 and 2.15 respectively. For thegig‘?" Ratio between th@seudo-redshifiind the redshift for

20 GRBs, the dispersion between the luminosity distan e 20 GRB.S contained in our sample for \.NhiCh both quanti-
estimated with the pseudo-redshift® (si) and the lu- Les are available (upper-left panel). The ratio of thpsgudo-
minosity distance measured with the rztljshifBL,(q ) is: intrinsic andintrinsic parameters studied are also shown, respec-
op, = 10g(Dy estin/ DLmead = 0.125 dex, i.e a factor of 1.34  tively Epea (Upper-right panel)Tgo (lower-left panel) andEiso

The dispersion is aiso smaller than a factor of 2 for Eyga (lower-right panel). In all plots, the filled region corresls to

: : ; a deviation from the equality between the two parameters by a
(Fig. B top-right panel) and thiy, parameters (Flgﬂ 3, bottom-
left panel). This is not surprising since these two quagtiti factor of 2, and the error bars are at thelgvel (stat+syst.)

vary as (1+ 2), reducing the impact of the redshift errogso,

which is more redshifi-dependent th&igea and the duration, were known. The spectroscopic measurements have confirmed

g ?ﬁrseciﬁfettsergg desmt((j) {Lsedkl)irr)gtrslr?;v:rs] I"’}[Lgee[“thﬁgﬁa r&ﬁgoro%r estimates. Moreover, two other GRBs detected in 2003
j P 9 9 and 2004 by HETE-2 had a pseudo-redshift (Pélangeon et al.

between their spectroscopic redshift and their pseudshitd >006R) b : :
F ) but no redshift. Some later observations of the host
GRB 020819, GRB 040912B and GRB 051022 have a pseud axies resulted in the determination of their spectrpi&co

estimate two to three times higher than their redshift; al

. dshifts, in agreement with their pseudo-redshifts: Raal.e
GRB 020124, GRB 030115 and GRB 050408 for which thm ' i
pseudo-z is lower than the spectroscopic redshift by a faxfto (200%) measured the redshift of the host galaxy of GRB 030531

2 (Fi ﬁ; bottom-right panel) to bez = 0.782+ 0.001 € = 0.64 = 0.15, Pélangeon et al.
9.3 gntp . . PO06R), and Stratta et al. (2007) obtained the redshift ef th
We consider that the good agreement of pseudo-z with SPSez- /"5 0409127 = 1563+ 0,001 from the [OI] line of
troscopic redshifts for the 20 GRBs having a measures T e

encouraging. One may question however if the pseudo-z ¥al fhe host-galaxy spectrum, also consistent with its presfjou

computed without knowing the spectroscopic redshift are |ned pseudo-redshitt € 2.90 + 1.60, Pelangeon et al.

accurate as those computed when the redshift is known -oi.e.™d
pseudo-z have predictive power? — Unfortunately, most ef th
bursts for which we have computed a pseudo-z do not have r
shift measurements, so comparison with the redshift-estim

cannot be done. However, in some cases the pseudo-z va
we issued inGCN Circularswere followed by a spectroscopic

measurement. For instance, we determined the pseudoiitsds ; . -
y . : xtra dispersion takes on three values corresponding torfac
of GRB 050525 and GRB 070125 before their redshifts of 1.4, 2.0 and 3.0. We tested the impact of this extra dispers

4t we do not consider the two outliers GRB 020819 an®n the intrinsicEpeax distribut.ions (‘simple’ and ‘unbiased’),
GRB 051022 the dispersionds,, = 0.089 dex, i.e a factor of 1.23.  and thus we show that even if the pseudo-z were only accurate
5 The first GCN Circular containing the computation of a pseudoi0 a factor of 2 or 3, this would not significantly change the
redshiftin nearly real imewas done for this burst, using the spectral pantrinsic parameter distributions and all the subsequestilts
rameters obtained by Konus-WIND %Go enetskii dtal 2poB@found obtained in this paper (see Sgt. 4).
2=0.36+ 0.10 (Atteia & Pélangeo ZOObb) whereas the spectroscopic
redshift obtained by spectroscopy of the host galaxy andighesi the |t was recently proposed by Butler et a07) that the

day after waz = 0.606 (Foley et al[ 2005). The fierence between correlations between the intrinsic GRB parameters found in
the pseudo-redshift and the redshift was due to an incopudatished

fluence (Golenetskii et af. 2045b). As soon as the correctevalas 1.63+ 0.80, Pélangeon & Atteif 2047a) and Konus-WIND=(1.34 +
available, we recomputed the pseudo-redshift of this tamst found 0.30, Pélangeon & Atteif 200/b). Both values were consistétht a
2=0.64+0.10 (Atteia & PélangeoSc). redshift of ~1.5. The spectroscopic redshift~ 1.54 was measured

6 We have computed a redshift-estimate of this bright buisguthe several days after our estimate (Fox et@OO?; see alskoGsral.
spectral parameters derived from twdfeient instruments, Rhesgi£ ).

In order to quantify the ffect of the uncertainty from the
8 eudo-redshifts on the intrinsic distributions, we perfed
he_following test: we artificially increased the errors dre t
t&' udo-z values which are taken into account in the congiruc
ﬁf the intrinsic parameters distributions (see Sedfio). 4 Bis
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the pre-Swift era were due to instrumental biases (e.gctiete slightly larger than those obtained using the ConstrainaddB
thresholds ffects) rather than to real physical properties dtinction, but they are still valid. FOEpeax below 8 keV, the
the sources. This is the result of a study they performed orCanstrained Band model is preferable: it gives corEgghy val-
sample of 77 Swift GRBs with measured redshifts, where thegs or provides at least reliable upper limits.

found that those GRBs are on average harder than the pre-Swifall cases we obtain consistent values between the CBM and
measurements, i.e. they have higBgea and lowerEiso. As a the Band function when both functions are applicable, ardeh
consequence, they conclude that these correlations cémenowalues are consistent with the ones we introduced to proithece
used to estimate the GRB redshifts. fake XRFs. We thus conclude that the values determined with
Since no clear conclusion can be drawn from this debate, the Constrained Band model are not biased.

have also considered this possibility and we calculatedhall

distributions twice: one case where we attribute a pseudo- o

redshift to the 62 bursts which have no redshift, and therotts2- The observed Epea distribution

case where we randomly attribute one of the 24 secure rwsh,ibf

measured for the HETE-2 long GRBs. Therefore, for all theeveral points can be noticed in Figﬂe 4 ﬁrSt’Iﬂg%;kdiSt.ribu_
tion peaks at about 100 keV and extends over the entire energy

glastg\;te)gﬂqtﬂz \t,\\:\fo %2?;2 we will comment on how they Changrange of HETE-2 (2-400 keV). Second, the two classes of burst
' (classical GRBs and X-ray flashes) are clearly distinguishs
a comparison, the study of Kaneko et @006) on the complet
spectral catalog of bright BATSE Gamma-Ray Bursts, leads to
— the spectroscopic or photometric redshifts are denoterl byan E2S, distribution peaking at about 300 keV, extended at high
— the pseudo-redshifts are denotedzy * , energies up to several MeV and without significant eventegt v
— Zsamplerefers to the value of the redshift used in our studyg,, energies. The paucity of softé few keV) and hard{MeV)
thls_ls the spectroscopphotome_tnc redsh|ftzo when itis pyrsts in our sample is probably not real. For the soft bursts
available and the pseudo-redshiftgtherwise (see Tablg 2). ths is clearly visible by a simple comparison of the BATSE
and HETE-2E ek distributions. As BATSE triggers were gen-

Throughout the paper we use the following notations:

4. Parameter 1: Epeak erally done on the count rate between 50 and 300 keV, the ratio
) between the XRFs and the GRBs is low. For HETE-2, the en-
4.1. Measuring the Epeak of X-ray flashes ergy range extends down to 2 keV and enables the detection of

The peak energy of a burst is generally measured using {R8'€ XRFs but still prevents the detection of XRFs wiftax
XSPECsoftware (Arnaud & Dormaf 20P3) and fitting a ahegqgow a few keV. As far as the hard tail of thiea distribu-
nomenological model GRB (Band) Mode(Band et al] 1943 tion is qoncerned, the low sensitivity of thg detector_s ghhi

or Cutgff Power Law Modek- on the spectral data. However, fofS1€r9Y is also one of the causes of theffiseent detection of
some X-ray flashes, the peak energy is lower than 10 keV, I%gd bursts. Moreover, two bursts emitting the same ener@yvy
the data do not constrain the four parameters of the Band fufiiierent hardness do not have the same number of photons: the
tion. For those bursts, the value obtained is too close ttother  SOfter GRB has more photons than the harder one. Conseguentl
boundary of FREGATE (6 keV) and of the WXM (2 keV). InBATSE-like or HETE2-like missions are probably not able to
this case, we observe a power-law spectrum instead of a B‘,ﬂgﬂlve a true observeBpeax dlstrlb_un(_)n. The distributions ob-
function. To solve this problem, Sakamoto et fI. (2004) sahwiained clearly show that tfﬁgggkmstrlbutlon depends strongly
that a modified function, called th€onstrained Band Model on the energy range of the instruments involved.

(CBM), based on a three-dimensional subspace of the full four-
dimensional Band function parameter space, could be used. XV
adopted this model to fit the data when it was necessary (seg

TabIeDZ). _ So far, the intrinsicEpeax distribution has been very little dis-
H.OWeVer, n OI’(_Zier to check whether such a mOde|_ could adCta.ssed, main|y due to themculty of measuring both thEpeak

bias to the estimate dEpea We used XSPEC to simulate angng the redshift of the bursts. On the one hand, BATSE, Beppo-
XRF spectrum as follows: SAX and HETE-2 did constrain thE°®S, thanks to their wide

eak

— we use the data of a real XRF, in order to have real backnergy ranges, but the bursts they detectéiésed from a lack
ground statistics and instrumental response matrices.  of redshift determination. On the other hand, thanks togt$qr-

— we construct a fake burst that follows a Band model with typnance and fast localization capability, Swift currentlyables
ical values of -1.0 and -2.3 for the power-law indices at lownore redshift measurements, but the narrow energy range of t
and high energy respectively. These parameters corresp8Ad instrument (15-150 keV) does not allow a good constraint
to the mean values for GRB spectra according to BATSE ref the ESgs,
sults (see e.g. Preece et 000; Kaneko gt al.|2006). The mentioned by Amati[(20P6), about 70 intrindieax are
two other parameter€;peac and the normalization, are theavailable, but this sample contains bursts detected figrdit
variable parameters that let us produce fake XRFs of greaseitellites. Our work is based on a sample containing all tingte

. The intrinsic Epeax distribution

or lesser intensity. localized with a single satellite, hence avoiding selectdects
— we generate fake data files for XRFs of various brightnesseerent to the use of data fromfidirent instruments.
and variousE peax We see in Figurf]5 that tk@;;;kdistribution is broader than the

— we then perform a spectral analysis using a Band model apebs

. distribution. At high energies, some bursts haveEglf,
cak ! k
g%ce)gstramed Band model, and compare the parameters r%%eching a few MeV. Nevertheless, as we previously mentipne

the energy range of HETE-2 (2-400 keV) prevents us from draw-
We find that the Band model is valid f&peax down to 8 keV. ing any conclusion about the high energy part of Hgar distri-
For this limiting value, the errors on the spectral paramsedee bution.
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At low energies, bursts having aEgggklower than 20 keV, and
defined as X-ray flashes in the observer frame, still have a I«
Epeaxin their source frame. For most of those GRBs, the low ir
trinsic peak energy is due to their intrinsic faintness &y thre
at low or intermediate redshift. (This point is discussediore
detail in Sectioff]8).

Joining these two extreme energy ranges, the intrifigig, dis-
tribution of HETE-2 GRBs extends over 3 decades in ener
The true width of the distribution is probably even larger be
cause bursts witl ok lower than 1 keV are not detected, anc
bursts withEeak greater than 1 MeV cannot be constrained b
an HETE2-like mission.

Number of GRBs

20
inti
log E;erak (keV)

" 157 | Fig.5. Distribution of EM" for the complete sample of 82
o GRBs detected and localized by HETE-2. The histogram r¢tlate
o to the sub-sample of bursts with secure redshiffdq shown
° 10r 1 in red, and the total sample’s histogram is shown in grey. The
é blue dashed histogram corresponds to the studied case 2 (see
5 Par{3.B), i.e. the sample of 62 GRBs without secure redstaift

5k , are randomly given a redshift from the HETE-2 redshift distr

bution.
0

the measureEggzk given in Tabld and 100 redshifts ran-

domly selected within the 90% c.l. error range of their cor-
responding spectroscogitiotometric redshift or pseudo-

: e redshiftzsi,. Combined with the 100 simulatdgf°s, . we
Fig. 4. Distribution of theE%®S, measured for the complete sam- Zsim _ s
pea thus obtained a sample of 100 smulaE!Sgr

ple of 82 GRBs detected and localized by HETE-2. The sub- ) : aksim’
sample’s histogram of bursts with secure redshifigg shown — épresenting each of the 8200 smtﬂtartted burb)s’\%] a
in red, and the total sample’s histogram is shown in grey. The Normaldistribution of the logarithmig . values LE[Y):
bursts on the left part of the histogram correspond to thatsve
that have a measured higher limit Iﬁggsk of about 4 keV (see 1 F{ 1 ( )2}
fo(lep)) = —— xexp—3
O-LEEE 2

al
TabIeDZ). The energy range of HETE-2 (2-400 keV) is symbol-

wherelep; is the variable of the function, Hien is the
base 10 logarithm d&™" _ related to the burst ando-LEipng

ized by the magenta horizontal solid line.
peaksim
is setto 0.05.

2

log E;*;jk (keV)

Iep,i — M Eintr
— (1)

| gint
LE"Qbr

4.4. The unbiased E ek distribution
peak (2) then, we computed for the 8200 simulated GRBs a weight

4.4.1. Construction related to their detection significance. For that, we:

In order to derive thérue Epeax distribution, the distance-scale — determine the maximum redshihax at which the source

is not the only correction that has to be applied to the olezkrv  could have been detected by the instruments, by first com-
Epeaxdistribution. All the bursts do not have the same brightness paring the SNR computed in Sectiﬂn 2 (see Tﬂ)le 2) to the
and are not detected at the same significance in the observerSNR threshold of the HETE-2 instruments, and then by red-

frame. We took this into account to correct the intrinBigeax
distribution obtained in the previous section.
To do this we used the following method:

shifting the sources until their peak photon flux reaches the
SNR threshold of the trigger instrument, giving us both the
visibility distance between the source and the satellig an

the maximum redshiftay.

(1) in order to take into account the errors on all the pa— assume that the GRB rate follows the star formation rate. For
rameters used (spectral properties and redshift) we have this we have adopted the model SF& Porciani & Madau

computed ‘smoothed distributions’ by:

” For some XRFs, the lower error limit could not be constraired

bs

— producing for each burst a set of 1697, ., ,

this case the value was setEEgbs

=1 keV. For some other GRBs, it

eakmin

gt _ randomly se- \yas the upper error limit which was not constrained. In thisecwe set
lected within the 90% confidence level (c.l.) error range afie value ta=°s

=1MeV.

peakmax
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(@007) that reproduces a fast evolution between 0 and
z =1 and remains constant beyond 2

exp3.42)
expq3.42) + 22

— derive for each burst the number of GRB per year within it Z 107

10

RsFr,(2) oc 0.15hgs5 2)

Vmax

visibility volume é
Znax  dV(2) Rskr(2) 2
N S 10 |
\Vmax ﬁ dz dz 142 (3) 8
E
In this equatiordV(z)/dzis the comoving element volume, 2
described by 10 1
dv(® ¢ 4 dI’(2) 4
dz  Ho (1+22[Qu(l+ 23+ Q(1+ 22+ Q,\]Y/? 107" : ,
whereHg is the Hubble constanf)k is the curvature contri- log EM  (keV)

bution to the present density paramet@k (= 1-Qy — Q4), peak

Qum is the matter density anf, is the vacuum density.

Throughout this paper we have assumed af@DM uni- Fig. 6. Unbiased distributions of the intrinsEpeax for the com-
verse whereHlo, Qu, Qa)=(65nes km sTMpct,0.3,0.7). plete sample of 82 GRBs detected and localized by HETE-2.
This procedure allows us to give each burst a weightf)( The smoothed distribution (SD) based on the 20 bursts having
inversely proportional tdN\ymay The rationale of weighting a spectroscopiphotometric redshiftz) is represented by the
each burst by /Nvmax is the following: the visibility vol- lower solid red curve and the one corresponding to the com-
ume is diferent for each GRB of our sample. Moreoveplete sample is shown with the upper solid black curve. Theeth
each burst observed is randomly taken from all the burstdrgick dotted smoothed distributions show the test perfdrtoe
present in its visibility volume. In this way, rare brightists, quantify the impact of the pseudo-redshift accuracy inshisly
having a large visibility volume, will have low weights,(all the pseudo-redshifts are given an error range artifyciia-
while faint local GRBs will have heigher weights. This procreased by factors of 1.4, 2.0 and 3.0). The blue dashed $8&-cor
cedure also takes into account the fact that the GRB rageonds to case 2 (see Har{ 3.3), i.e. the sample of 6200 s&dula
evolves with redshift, leading to the fact that GRBs are aboGRBs (corresponding to the 62 GRBs of our sample without
ten times more frequent @t~ 1 than at present. Note thatsecure redshift) which are randomly given a redshift from th
an evolution of the GRB distributions with the redshift ig noHETE-2 redshift distribution.

included in this procedure, although such evolution prdjpab

exists (e.g. Daigne, Rossi & Mochkovitfh 2D06). This casge pseudo-z within a factor 2 or 3 (Fig. 6). This result can be
is not addressed here because we do not havefigient aypjained by the intrinsic dispersion of the parameterdistl
number of GRBS. which is so large that the uncertainties in the distanceesad

(3) the total smoothed distribution (SD) is the sum of theiitd N0t Strongly &ect the results.

ual functionsf,(le,;), normalized by the corresponding burstd/oreover, we also performed this analysis by assuming fer th
b(lep) y P g distance of each of the 62 GRBs without secure redshift a set

weightW ; Ao
gt of 100 redshifts randomly taken from the total redshift rifist-
1 Mourst tion of HETE-2 long bursts (24 values). The results obtaiimed
SDULER ad = 7 X ZWb x fo(lep) (5) this case dter significantly because the predominence of low
S b=t Epen bUrsts has disappeared. With this method, the distribution
with nsimu the number of simulations (100) for each burst ani§ flat and broad. Here again, the distribution’s width may no
Nburst the number of bursts contained in our sample (82). reflect the true one, but it contributes interesting infaiorato

the unbiasedEeax distribution, which is probably situated — ‘in
reality’ — between the two curves presented in éig. 6 (bladids
4.4.2. Results line and blue dashed line).

The resulting unbiase,eacdistribution for our sample of bursts

with this method is shown in Figufg 6. In this Figure we Se€ parameter 2: Too

that theEcak distribution has dramatically changed, with aclear _ S

domination of the bursts having low intrinsEpea, i.€. the X- In this section we study the duration distribution of the pdete
ray flashes. sample of HETE-2 GRBs. We adopté&gy as the common defi-
As explained in Sectioﬁl 3, we tested whether a high accura’dy'on for all the bursts. We derive in the following sub-8ens

for the pseudo-redshifts was necessary, i.e. whether thdtse the observed, intrinsic and unbiased [®g, distributions us-
obtained could depend on these estimated distance scalds. Ting the same method as described for the study of the intrinsi
this, we performed the same analysis as described throtigheg Epeaxdistribution (Sect]4).

this Section, but this time for simulated redshifts randpsd-
lected within the error ranges based on the initial ones difd a
cially increased by factors of 1.4, 2.0 and 3.0. We find thab bo
the distribution of intrinsicEpeak and the unbiased distributionTgg is defined as the duration for which 90% of the counts in a
of intrinsic Epeak do not significantly depend on the accuracy ofiven energy range are detected. Recall that in this studyniye

5.1. The observed Tgqq distribution
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focus on long-duration GRBs. Over the 4 FREGATE bar#ls (
6-40 keV:B: 6-80 keV;C: 30-400 keV:D: >400 keV) we chose 20
the one that contained both the classical GRBs and the XR

i.e. the band (6-80 keV). The lodlg¢ distribution in this energy

range (see Figﬂ 7) extends from 0.33 to 2.73. The mean value 15¢
this distribution is 1.40 and the median value 1.33.

g _ ;|

5.2. The intrinsic Tgyg distribution 10¢

The histograms are shown in Figlﬂe 8. We caution that the ¢

servedlgp are measured in the same energy range in the obset 5l

frame (see TabIE 2). Since this energy range depends ondhe

shift of the source, it is diierent for each burst and this has ai

impact on the intrinsic duration measurement.

The histogram of the intrinsic 0@y in the (6-80 keV) energy el 0 1 2 3

range extends from -0.26 to 2.40. The mean value of thisidisi log T""_(s)

bution is 1.01 and the median value is 1.00. %08

Contrary to the lodepear distribution, the intrinsic lod oo distri-

bution is not broader than the observed Tag distribution and Fig. 8. Intrinsic log Ty distributions for the complete sample

is extended over about the same rang2.$ decades). of 82 GRBs detected and localized by HETE-2. The histogram
of the sub-sample of bursts with secure redsh#tss(shown in
red, and the total sample histogram is shown in grey. The blue
dashed histogram corresponds to the case 2 (seéartéi.ﬁ), i.

20 \ \ \ the 62 GRBs without secure redshift that were randomly gaven
redshift from the HETE-2 redshift distribution.

Number of GRBs

——————
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B
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log Ty g (5) 10k
Fig. 7. Distributions of the logTgy measured in the observer ot

frame and in ban® of FREGATE (6-80 keV) for the complete -1 1
sample of 82 GRBs localized by HETE-2. The histogram relate log Tgy g (5)
to the sub-sample of bursts with secure redsh#tss(shown in

red, and that of the total sample is shown in grey. Fig.9. Unbiased distributions of the intrinsic |08y, for the

complete sample of 82 GRBs detected and localized by HETE-2.
The smoothed distribution based on the 20 bursts with spectr
scopigphotometric redshifts is represented by the lower solid
red curve; the one for the complete sample is given by the up-
per solidilack line. The blue dashed SD corresponds to case 2
. L (see Part 3|3), i.e. the sample of 6200 simulated GRBs (corre
Correcting the intrinsi@go for the Nymax (see Parf 4]4) we ob- sponding to the 62 GRBs of our sample without secure redshift

tained the unbiaseTiy distribution (Fig[p). , . . ) _
We note that the GRB population is dominated by events with éﬂ;ﬁgmgﬁ randomly given a redshift from the HETE-2 redshif

intrinsic duration of about 10 s (for an energy range of 6-80 k

in the observer frame). Nevertheless, a hon-negligablebeum

of GRBs have a long intrinsic duration lasting about 300 s. . .

If we consider the case 2 study (Ff}. 9), we obtain a signifigan - Parameter 3: isotropic energy

different unbiased oo distribution, more flat than the one ob-g ; The observed fluence

tained in case 1, i.e. no typical intrinsic duration for thBE&

appears when considering distances randomly taken witigin fTaking the fluences (i.e. the fluxes integrated over the gurat
total redshift distribution of HETE-2 GRBs. of the bursts’ spectra) in the HETE-2 Catalog (Vanderspek et

5.3. The unbiased Ty distribution
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al.[2008) and applying the same method described in Sdgtior
we show in Figurg 10 the histograms of the logarithmic fluent
in the energy range 2-30 keV. The distribution of the Bg |
extends between -7.12 and -4.24. The mean and median val :
of this distribution are -5.90 and -6.00, respectively. 155 !

20

6.2. The isotropic energy

. . 10t
The equivalent of the fluence measured in the observer fra 0

is the energy radiated in the source frame. One easy way to
timate this energy is to assume an isotropic emissiBg)(in- ,
tegrated over a fixed energy-range (*4@V in the observer 5t !
frame, see e.g. Amati et 4. 2002, Amhti 2006). We comput: |
this quantity for the 82 bursts and obtained the distributic |
shownin Fig@l. This distribution of log;s extends from 49.50 0 } B |
to 54.24, and has a mean value of 52.44 and a median value 49 50 51 52 53 54 55
52.62. Two classes of bursts are evident, with a separation log E,_ (erg)

about 51.5. Most of the bursts have a IBg, lying between 52
and 54 (the classical GRBs) and the second sample hasalog
lower than 51.

Number of GRBs

Fig.11. Ejs distributions for the complete sample of 82 GRBs
localized by HETE-2. The histogram of the sub-sample oftisurs
with secure redshiftsz is shown in red, and the histogram of
the total sample is shown in grey. The blue dashed histogram
20 ! ! ! ! ! corresponds to case 2 (see Harf 3.3), i.e. to the sample of 62
GRBs without secure redshifts that were randomly given a red
shift from the HETE-2 redshift distribution.

=
[
T
I

7. Correlations

Having determined the intrinsic properties of the HETE-2

GRBs, we test whether any correlations are found betweee the

values. We performed a pairwise comparison of the foumsici

parametersfpeak Too, Eisor Zsampld t0 search fossible corre-
u

Number of GRBs
o

5 i lations. Six plots are obtained and shown in Figufe 13. Theseo
sponding correlation cdgcients and associatgevalues testing
the hypothesis of no correlation are presented in Tgble hatée

% -8 -7 -6 -5 -4 -3

obs

log S ™ (erg.cm ) Table 1. Correlation cofficients R) obtained for the pairwise
comparison of the four intrinsic parameters discussedisnpti-

_ o o _ per Epeak Too: Eisor Zsampid- The lower and upper bounds are at

Fig. 10. Distributions of the logarithmic fluence in theenergy 5 9504 confidence interval. The correspondfgalues test the

range (2-30 keV) for the complete sample of 82 GRBs localizg@n-correlation by computing the probability of having aree

by HETE-2. The histogram for the sub-sample of bursts with sgtion as large as the observed value by chance.

cure redshiftsZ) is shown in red, and the total sample histogram

Is shown in grey. Tested correlation R pvalues
Eiso-Elpea 0.91250%  1.21510°%
Zsample Eminy 0.8600%%¢ 4207102
Eiso-Tia" -0.102;§;§§§ 3.596¢10°1

6.3. The unbiased isotropic energy Zsample Tgp' -0.354 1.08%1073
Tour-EnT -0 255’%-%% 2.060<10°2

H . eal " =0. .
The correction of thes&;s, for the Nymax 0f each burst gives zsamp.e-?ziso 0.8312%7  4.72%102%2

us theunbiased [, distribution (see Fig|j2). This distribu-
tion decreases withk;s,, and the best-fit power-law for the com-

plete sample distribution, estimated betwéggp=10°° erg and

Eiso=10°" erg is 107% x E %84 whereEiss; is in units of that theEi,;‘gak—Eiso (Amati) correlation is found ¢t panel) and

10°2 erg. As for the two previous cases studied, this distributighat the sub-sample of XRFs fills the gap between XRF 020903

is dramatically diferent from the observed and intrinsic ones. RNd the cluster of intrinsic classical GRBs (see next Seftio
shows a clear predominence of bursts with Bxp. This distri- This is not really surprising since our pseudo-redshifhesstes

bution hence strengthens the result we obtained in Sefdtion 4 @ssume that thE, —Eiso relation is valid. It is nevertheless in-

the predominence of X-ray flashes in the overall GRB popultgresting to note that nearly all of the 82 GRBs in our samgee a
tion. Here again we can discuss the impact of our second c&g@sistent with this correlation with no strong outlier. Mghit
calculation. In this case, the shape of the distributioririslar  is not the purpose of this paper to discuss the realitf if ~
to the one obtained in case 1. Zsample @Nd Eisg—Zsample COrrelations, we note that these correla-
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Fig. 13. Correlations between the intrinsic parameters stu
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log E
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log T!

iso

log E
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sample

ch%gIék, Tg}}’, Eiso and the distance-scagampie In each panel the

GRBs that have a measured redshijt re represented with the green filled circles, and the oaemdp a pseudo-redshify)(”
are symbolized with the blue open circles. In the top leftgdalny way of comparison, we show (solid line) the best-fit podaw
Epeai= ! 7% oo (with EpeaxiN keV andEisesz in units of 162 erg) found by Amati[(2046) and also the vertical logarithoswiation
of 0.4 (dotted lines) displayed in Ama06). In the toghti panel the dashed curve marks the redshift evolution®Etfay

assuming a burst witl ) = 40 keV (see Stratta et 41. 2407),

tions could be partially or totally explained by selectidteets 8. The nature of X-ray flashes

which practically prevent the detection of low-luminos&RrBs
at high redshift. In the three last plots, no other 'simplght
correlation is found, but these plots interestingly show it

at low-redshift with higrEi’;‘gakor high Ejso; and conversely the
GRBs with lowEpeax 0ccuring at high redshift.

The demonstration of the existence of X-ray flashes (Heise et
al.[200]L; Kippen et af_2001) was immediately followed by-sev
strumental limits &ecting the detection of the bursts (durationgral theories attempting to explain their nature and tordutee
energetics and redshift). For instance, we can clearly Isae tWhether they belong to the same class as the classical GRBs, o
HETE-2 was lucky to detect the bright GRB 030329 (see pawhether they are dierent cosmological events. Thanks to vari-
els 2 and 6). Hence Figufe]13 can be used to show the chafi¢s studies of samples of X-ray flashes, several clues now all
teristics of the bursts missed by HETE-2, i.e. mainly the GRBIS t0 unambiguously associate XRFs with the classical GRBs.
XRFs are GRBs with loweEpeax and higher fluxes irX-rays

than iny-rays (e.g. Ki

en et af_20pg, 2004; Barraud et al.

; Sakamoto et 05). The other spectral parameters o
the prompt emission and the temporal behaviour of XRF after-
glows at various wavelengths are_identical to those of idaks
GRBs (e.g. D’Alessio, Piro & RosOG).

In our complete sample, we have 22 bursts classified as XRFs.
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Fig. 12. UnbiasedE;s, distributions for the complete sample ofFig. 14. Four distance-scale cumulative dlstrl_but|0n fun(_:tlons
82 GRBs localized by HETE-2. The smoothed distribution Hasécdf). The cdf of the HETE-2 complete sample is shown with the
on the 20 bursts with a Spectroscdphwtometric redshrﬂm is g-reen solid line. The two cumulative dISFrIbutlonS for tlotas- )
represented by the lower solid red curve; the one for the cofiical’ GRBs and the XRFs are shown with the blue dashed line
plete sample is shown by the upper solid black line. The bi@@d the red dotted line, respectively. We note that mosteo2th
dashed SD corresponds to case 2 (see[P3rt 3.3), i.e. the 8RS are definitely situated at intermediate or low redshior

ple of 6200 simulated GRBs (corresponding to the 62 GRE§Mparison, we also considered all the long-duration buvgh

of our sample without secure redshifts) which were randomigdshifts detected by Swift-BAT from the beginning of thesmi -
given a redshift from the HETE-2 redshift distribution. Thest- Sion to GRB 080210 (the last Swift burst with a spectroscopic
fit power-|aw (green dashed |ine) for the Comp|ete Samph}' egedshrft measured to date). The Correspondlng cdf is thekbla

. - \-0. lid line.

mated betweef;s, =10°° and 16* erg is 10794 x (%) o84 solidline

according to the HETE-2 sample, several XRFs are situated in

In the following section we discuss some results obtaingt withe gap between the group of intrinsic classical GRBs and the

this sample. two intrinsic XRFs 020903 (Sakamoto et fl. 2004) and 060218

(Amati et al.[2007), as is XRF 050416, a soft burst detected by
e Swift (Sakamoto et a]. 2006p, 2006b). However, half of tHe su
8.1. The redshift distribution of HETE-2-XRFs sample of the observed XRFs are part of the cluster of iririns

To explain the origin of the XRFs, Heise et 4I. (2p01) propbsélassical GRBs when considered in their source frame. Hais f
that they arelassical GRBsccuring at high redshift. If we con- Was also noted by Stratta et 4. (2p07).
sider the redshift distribution of the HETE-2 complete s&mp

we note that the sub-sample of XRFs has a mean distance scal . .
< Zsample >hgre 2= 0.82, lower than the mean redshift of theg' The rate of GRBs in the Local Universe

‘classical’ GRBS:< Zsample >HELE 2= 2.09 (see Fig[ 14). The 9.1. The rate of GRBs in the Local Universe, as measured by
mean redshift of the XRFs contained in our sample is alsodlowe HETE-2
than the mean redshift of the Swift XRFs derived by Gendr

Galli & Piro ):< z >SWift — 1 40 for a sample of 9 XRFs Sla‘he various corrections (distance scale, number of GRBinvith

: i XREs ; ; the visibility volume) applied to the distributions obtahin the
th k dshifts. C tly, t this h - ) SO
w nown redshifts. Consequently, we reject this hypsitie server frame allowed us to obtain thebiaseddistributions

as was previously done in other studies, e.g. by Barraud. et

) who highlighted this fact with the similar duratioisti- © the intrinsic parameters, i.e. distributions that reflemre

butions they obtained for the XRFs and the long classical QRB:Iosely the true d_istributions of these parameters af_‘d tie-d
inant characteristics of the gamma-ray burst population.

This study also allows us to derive the rate of GRBs deteaidd a
localized by HETE-2 RS?). For that purpose, we consider that

8.2. Do X-ray flashes form a distinct population ? each GRB in our sample contributes to the local rate in propor
We consider in this paragraph the question posed, e.g.ratt&t tionto:

etal. )do the XRFs form a continuum extending the ‘clag- ~ Nvioc(z = 0.1) 6
sical GRBs'’ to soft energies, or do they form a distinct papul ' ® ~ Nvmax(Z = Zomax) 6)

tion, the intrinsic XRFs (i-XRFs)?

Fig. (panel 1) shows the Amati relation for the complete-sa with the Ny(z) computed according to E. 3, and we obtain the
ple of 82 HETE-2 bursts and Fif.]13 (panel 2) plots Ef§f, rate of HETE-2 GRBs during the mission,

versus the distance-scales of the sources. We do not find any Nouret

clear evidence for a distinct population and the resultccaté | _ _~ Z hy @)

a continuum between the classical GRBs and the XRFs. Indeed, Vioc =
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which is 3.30 Gpc®. and 1.1 Gpciyr~L. This rate is in agreement with the one found
by Schmidt [20d1): 0.5 Gpéyr-! with 1391 GRBs contained

In order to normalize this rate per year, we took into adn the BATSE DISCLA 2 CatalogSchmidt{19909) and the one

count the fective monitoring time of the WXM, obtained recently found by Liang et alf (2007) (1.1%5 Gpc3yr~*) with

from: a sample of 45 HL Swift-GRBs. The rate of HL HETE-2 GRBs
T T is also consistent with all these results, since we obtaowa
T, = % X Seov (8) limit RS 20.45 Gpc3yr~! (see Parf 9]3).
7T

where T, is the dfective monitoring time of the WXM, %RB 060218, detected by Swift-BAT (Cusumano et al.
Tmission = 69 months is the duration of the missioR, = 37% $), was found to be at very low-redshif0.0331 (Mirabal

D

is the mean observatiorfigiency duringTmission andSeoy = €t @l- [2006g). Moreover, its association with the supernova
27(1 - cos45) = 1.84 sr the sky-coverage of the WXM SN 20063 (Pian et af_20p6) recalled the characteristics of

The dfective monitoring time of the WXM is hence GRB 980425, the closest GRB ever identified, at a redshift

Tpm = 0.31 yr. Using this, the rate of GRBs in the Local Universé =0-0085 (Tinney et al_1998). These GRBs associated with
per Gpé and per year can be found to b20.6 Gpc3yr-t. This SNe are peculiar in the sense that they constitute the twesiea

result is a lower limit because as shown in Secfion 4, thetpuriong duration bursts detected in eight years. Liang e{ 801
that dominate the overall population are the ones withE show that the detection of these two events implies a lodal ra

y o= 3yr-1

; ; : low-luminosity GRBs (LL-GRBs) of R~ 800 Gpc°yr—-,
ginq as we showed in Sectlﬂn 7, HETE-2 missed the burStS-Vm‘agreement Wi)':h Guett; & Della zlall 07) whgfin{i a'rate
intrinsic Epeax lower than 1 or 2 keV as well as bursts occurln@]c GRB 980425-like events of 430 Gpc3yr- and a rate of
at very high redshifts. e ]
If we consider the unbiased distributions obtained in case eBrthé)zo%SL-llil-(gS\éesntivﬁcﬁﬁg ?;grfsi)gerébl higher than the
(sbhO\_/vn as d°“§§' blue lines tg_roughoutthﬁeggentF|glére§2, we rate of HL-GRBs COL,J|d be explained in thg Wgys: first, the
Xstaslﬂouazisr)se'c?i%”rﬁzp?ﬁe Iggpt)%lztrig;e gf Qs;grrfax;y.bur (N) - Iog(F_’) di.s“ib“tiof‘ of BATSE bursts.off[en used to fit
is dominated by the X-’ray flashes. This is understandable 3§ GRB luminosity function cannot constrain it down to such

cl | .~ low luminosities, because a GRB 060218-like event could not

XRFs are soft_but al_so falnt_ln the pbserver frame, accortbngtrigger BATSE. Second, the use of a phenomenological model
the hardness-intensity relation derived by Barraud epal}). for the GRB LF requires a choice for the extrema valugs
Therefore, if the rate of detected bursts is in fact highecfas- q

sical GRBs than for XRFs, we can guess that this is only duef??gl‘r\;“gx' _Howiver, du_(le_kt]o m;t]rumentéll I|mf|:at|o|ns, Fhe t!‘”ﬁ&RB
instrumental limitations, such as the size and the seitgiof ° $ Is unknown. Thus, the number of low-luminosity

the detectors is quite uncertain.

9.2. Comparison with the rates of GRBs obtained in previous ~9-3. Discussion

studies
We showed that the study of the complete sample of GRBs

Several studies have derived local rates of GRBs using wsiridocalized by the WXM on-board HETE-2 led to a rate
methods mainly based on theoretical considerations. Ri2 2 10.6 Gpc3yr~t. Our result is independent of any assump-
According to the results obtained so far, the predicted oéte tion on the luminosity function, as it is based on measuréd.da
GRBs in the Universe seems to be between unity (or less) GR& note that this measured rate is at least 10 times higher tha
and several hundreds per G@nd per year. These results seerthe HL-GRB rate and 10 times lower than the LL-GRB drew

to be related to the nature of the bursts considered in tltkestu can we explain this ‘intermediate’ result?

i.e (1) ‘classical GRBs' also called ‘high-luminosity GRBs
(HL-GRBs) andor (2) sub-luminous (low-luminosity) GRBs

H2 LL Y- : :
(LL-GRBs). - (Ry“ < Ry): We first note that we have no event like

GRB 980425 or GRB 060218 in our sample. Previous
studies showed that it was impossible for an HETE-like
mission with a WXM-like camera to detect a burst like

XRF 060218. This burst occured at a distadce145 Mpc,

and Soderberg et al[ (2046d) show that the WXM could
have detected it at a maximum distance of 110 Mpc. For a

(1) Several authors obtained a GRB rate close to 1-&pc?.
The method they used is generally based on the determination
of the luminosity function (LF) by fitting a phenomenolodica
model to thelog(N) — log(P) relation of well-known GRB
catalogs. Assuming that GRBs trace the star formation rate o~ .
(SFR), a model of the SFR is adopted for it and the rate of GRBs PUrst similar to GRB 980425 occurring dt = 36.1 Mpc,

; : the WXM could have detected it to a distarete- 60 Mpc.

IS determined. I (20p4) show that with their model of
For instance, Guetta et af. (2044, 2D05) use the 2204 GRBs of I—r|10wLe|;/err,] Gluett? et a )bs t?wh "’E) wi k()aw moble ck))
the GUSBAD CatalogSchmidt{2008) and a sample consisting 'S 2t ghqcahra'zjg of nearby Irlg 1 bursts observable by
of 595 long GRBs detected by BATSE. Following Schmidt HETE-2 within this distance is only 0.057

), they use these samples to find the luminosity functio
by fitting a single power-law model to the BATSE observed
peak flux distribution. In addition, they assumed that the
GRB rate follows the SFR and hence adopted either the SFR
model SFR of Porciani & Madau[(2041) or the SFR model of
Rowan-Robinson[(1999). The estimated rate lies between O.

(R)2 > RL): If we now imagine that HETE-2 was a mission
that could not detect X-ray flashes, we can try to re-do all the
steps to derive the rate of GRBs detected and localized by it
1 (see Part@l) in the sample of 60 ‘classical’ GRBs. We ob-
tain R)? 2 0.45 Gpcyr*. This result is in good agreement
8 Recall that throughout this study, we only consider the GRBal- with the rates usually obtained when only the HL-GRBS are
ized by the WXM. considered=~[0.1-1] Gpc3yr1.
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Consequently, we infer that the filirence between the rate — the intrinsic Epeax distribution is quite broad, containing at

of HL-GRBs obtained with BATSE and the rate measured the extreme sides of the energy range a large sample of X-

with HETE-2 is due to the X-ray flashes. These soft events ray flashes and few ‘classical’ hard bursts. Nevertheless, w

cannot be detected in the BATSE energy range (50-300 keV). caution that the true width of this distribution is probably

With our method based on observed properties of GRBs, even broader than derived here, since the detector characte

XRFs and classical GRBs can be distinguished. The averageistics prevented HETE-2 from detecting bursts with an in-

lower redshift of XRFs leads to higher weights for the XRFs trinsic peak energy of 1 or 2 keV or, at the opposite end,

than for classical GRBs In fact, it appears that XRFs con-  bursts with an intrinsic peak energy of a few MeV.

stitute an intermediate class in terms of frequency between the intrinsicTgg distribution shows that HETE-2 did not lo-

the HL-GRBs and the LL-GRBs, and the rate of XRFs could calize very long duration burst§ 4y >1000 s). This may

be higher than the rate of classical GRBs by a facterkdi—100. be a limitation of the orbit because due to its antisolarposi
tion, the detectors are turned @very half-orbit when they

Despite their higher softness, faintness and frequency, ou have the Earth in their field of view, i.e. every45 min. On

study brings the XRFs closer to the classical GRBs. Thisis no the other hand, some events have an intrinsic duration below

the case for GRB 980425 or XRF 060218-like events that are 2 seconds and might be considered as ‘intrinsically short’.

undetectable and out of reach of a HETE-2-like mission. — the intrinsic Ejso distribution extends over more than four

decades in energy. Most of the observed bursts aye

higher than 18 erg: the ‘classical’ GRBs. The distribution

extends down to loweE;s, (10°°-1C°* erg), corresponding

If we compare the measured rate of GRBs based on the com-t0 the sample of HETE-2 XRFs.

plete HETE-2 sample and the rate of SN¢clioonsidered in ) ) )

Soderberg et aldnge'b/C = 93 x 10° Gpc3yr-! mea- (2) The main conclusions are the following:

sured by Cappellaro, Evans & Turat{o (1P99) and Dahlen et al. oL v : .

004), the ratio is0.1%. - the_ unbiased’ distributions are dramatmall_;tfdrent _fro_m
This low ratio highlights the fact that not all the type/diSNe their uncorrected shapes. Indeed, the unbidsge distri-
produce GRBs. The main explanation invokes a mildly refgtiy ~ 2ution shows a predominence of bursts with intrinSjgax
tic jet, which is the source of the GRB, but that does not appea 'OWer than 10 keV and the unbiaség, d|str|bu0t|on sihows
in all SNe Ic. Indeed, if the optical luminosities of GRBs and & Predominence of bursts witfis, lower than 16°-10° 19
SNe can be considered to be similar, optical spectroscopale TheEi_SO distribution can t_>e fitted between*@and 16* erg
broad absorption lines in SNe spectra associated with GRBs, ~ PY @ simple power-law with a slope of -0.84.
dicative of fast ejecta. These peculiar highly energetie Siften However, we caution that the ‘simple’ distributions of the
designecHypernovagHNe) would not represent more than 3%  INtrinsic parameters probably er from biases. The same
of the SNe Ilic, as obtained by the studies based on the compar- P0Int may be made for the shapes of the 'unbiased’ distri-
ison of radio luminosities of GRB afterglows and SNgclisee ~ Putions: the true ones are probably alsfiatent, as shown
e.g. Berger et @33; Soderberg e06b; Sodefbér) 20 by the two studies performe_d usingf@rent distances for Fhe
From previous studies of the predicted local rate of GRBd, an Pursts withoutsecure redshifts — case 1: pseudo-redahiits
with our measured local rate, we now have a ratio between the €8S€ 2: known spectroscopic redshifts randomly attributed
SNe Ic and the GRBs lying in the range[0.1%-3%]. This — which lead to dierent shapes for thEpeax and theTgo
small ratio could imply that the escape of the ultra-relatig distributions. This emphasizes the predominence of X-ray
jet from the progenitor star is not the only ingredient nette flashes an.d the existence of a typical intrinsic duration for
produce a GRB. In addition, several studies of stellar imtat the GRBs in the first case, whereas a nearly constant number

binarity, asymmetry and metallicity have shown that thegere of GRBs through both th&pea energy range and the du-
itors must have some special characteristics in order tdym® rations is highlighted in the second case. We may guess that

9.4. Comparison with the rate of Type Ib/c SNe

a gamma-ray burst. the true distributions are situated between the resultsasi
two cases.
— apossible application of our study is the determinatiomef t
10. Summary rate of GRBs measured by HETE-2 in the Local Universe.

_ We obtained a lower limit of 10.6 Gpéyr1, which is in-
In this paper we have presented the study of a sample con-termediate in magnitude between the rates usually found
taining all the gamma-ray bursts detected by HETE-2 above a when a population of High-Luminosity GRBs is considered
certain thresholdand localized by the WXM. Our main goal (~1 Gpc3yr1) or when the Low-Luminosity GRBs are also
was (1) to provide intrinsic distributions of the main glbba  taken into account(100 Gpciyr-1). We explain this result
properties associated with the GRBs, i.e. taking into astou jth two arguments. First, HETE-2 did not detect LL-GRBs
the cosmological fects. The parameters studied are the peak |ike GRB 980425 or XRF 060218 — mainly due to the small

energy Epeay, the duration Teo) and the total energyKso). size of its detectors — so the rate cannot be as high as the one
The second purpose of this paper is (2) to derive unbiased found for LL-GRBs. Second, it is the sample of XRFs de-
distributions of these properties, taking into accountdpatial tected by HETE-2 that makes theférence between the rate
denSity of GRBS, and to measure the rate of HETE-2 GRBs in we obtained and the one found for HL-GRBs. As a conse-
the local universe. guence, thanks to the construction of unbiased distribatio
) ) ) of the intrinsic properties of HETE-2 GRBS, we experimen-

(1) The main conclusions are the following: tally showed in this paper the dominance in terms of fre-

9 Recall that the weight taken for each burst is inversely prispnal quency of the )_(-ray flashes over the ‘classical GRBS/, a fre-
to the number of GRBs within its visibility volume and is obusly quency which is nevertheless lower than the sub-luminous

redshift-dependent. bursts, and much smaller than the Typglbupernovae.
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Table 2. Observed properties and distances used in this study.
The GRB names in the formatyMMDDare given in column 1. Columns 2 to 5 contain the spectralrpaters measured for each burst: the
slope of the power-laws at low-energy)(and at high-energy when possib®);(the peak energyE(gg;k) in keV and the fluence in the energy
range 2-30 keV $x), in units of 107 ergs cm?. The Ty, durations in the FREGATE bar (6-80 keV) are reported in column 6. The signal-
to-noise ratio (SNR) corresponding to the best combinatioenergy range and time resolution (see Secﬂon 2) are imuol7. ThezZsampie(i-€.
the spectroscopiphotometric redshifts when available or the pseudo-rédsbiherwise) are reported in column 8. The last columnaiostthe
references for the redshifts.
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GRB @ :8 Egg;k (keV) Sx TQO,B SNR Zsample Ref. Zsample
001226 -1 —2.094j§;;gg 22327778 17.03%;; 9069+25 1035 098703  [0]
010213 -1 -3+02 3.4f§-j 7.9j0§ 2012+216 4198  0Q17*9% [0
010225  -1.3%93 —— 32+2 3.5j% 3 6.3+ 0.6 7.94 147f§;§§ [0]
010326 —1.08%%3 - 518t£»§ 2.42%?;23 215032 2071 293';¢5 (0]
010612 -1.1'07 - 2405, 8.8~ 4998354 2352 525377 [O]
010613 —1jg;§ -2+01 4635 1027 14674+244 4505  064'¢s  [0]
010629  -11°01 - 465 25.4+17 158+028 4015 09177 [0]
010021  -16°1 —- 8922 7273 2192+ 118 7152 045jg-06g [1;2]
010928 —0.7j§é - 410;%0 137%:% 3173+ 097 3904 364f89§ [0]
011019 -1.4 - 19+ 30 225+224 875 0522 0]
011130 — -2.7+03 < 39 597 1064+ 286  7.66 <017  [0]
011212 -1.23 —2.15%%3 <374 485042 3962:+655 809 034f%%% [0]
020124 —0.87j§¢1g -2.60 . 8217 2014 5117+ 155 2163 3198004  [3]
020127 —1jg;& - 100%‘31 6.702 6.99+ 026 2765 19%92° 4]
020305 —1.0&8;6%‘3‘ -23 2451+2187 274919 3006+ 117 2854 198f8§ [0]
020317 -060c - 28’:%3 2.2+0% 714+104 1211 211f%5; [0]
020331  -0.8'Y1 - 92%}1 161 1794599 2815 221797 0]
020625 -1.1 - 8554 2.4j%§ 1398+382 818 073933 [0]
020801 —o.3j§;§ ~2+02 537 26*3 46033+3.63 1554 1211 [0]
020812 -1l'gs - ssfggso g+l 1828+ 155 1463 348%? [0]
020813 —1.3&8;83 -23 2534j§§g 14791732 87.34:06 9298 1255j8;8§g 5]
020819  -0.9°% ~2+02 5oﬁ§ 25211 288+719 5061  04lpg  [6]
021004 -1+92 - 80323 7.797 4894+25 1385 231%?38% [7:8;9]
021016  -1.270H -2.3 2262°2%87 341723 8063+ 095 2855 2871 0]
021021 -1.3 — 15+14 25108 189+5.13 628 1j8-]5 [0]
021104  -1.139% - 2817 1ot°§ 2118+ 4.08 1052 11j§g [0]
021112 —o.9j§?§ — 57f§9 1.393 3.24+128 986 41512 [0]
021211 -0.8050112 237018 46.8j§-§ 13.6%03 423027 7624 1oos_+§-§g} [10;11]
030115 —1.3f°9'Il — 83f553 7.910% 2033+354 2729 2201 [12]
030226 —o.9j§f§ — 97%? 13§0{ 7623+396 163 lgsf%'%g [13;14;15;16;17]
030324  -15'01 - 1501820 5504 1098+ 284 2127 > 2.3 [0]
030328 —1.14%%3 —2.1j%%6 13014 821 13827+ 3.05 5568 15216j§:§§§§ [18;19; 20; 21]
030329  -1.3270%2 —2.44f8;fg 70223 5762 2501039 58125 01685p0p; [22:23;24]
030416 — -2.3+01 2.6"9% 9+09 1429+229 1802  0119% " [0]
030418  -151 - 4&%38 171711 13923+7.76 926 3071 [o]
030429 —1.1% — 353° 4.7+93 1295269 1325 265&%’%33 [25]
030519 -08') —1.7j§j 13818 87.1%2%  1285+056 19385  086'Y1  [0]
030528  -13'0% —2.7f6»3 3212 62f§ 628+4.49 2811 0782f§;§§1 [26]
030723 — ~1.9+52 < 89 2.8j%-g 9.63+ 1.5 974 054';c  [0]
030725 —1.51f0;§3 - 1022 94+2 17431+17.07 8856 0897 [0]
030821 —0.9j§1 - 84+1> 10798 1942+ 044 2143 177’:83 [0]
030823  -13%0% —— 27+ 231718 5039+311 1549 083t§;§ [0]
030824 — -2.1%%1 6.1%? 8.9%; 1013104 1284  026%;  [0]
030913  -0.893 - 12010 1.8* 658+23 1423 6042 [0]
031026  -1.1370% -23 8703%337 3.56%%2 6558+ 455 846 66720 [0]
031109A —1.17j8f5§ -2.3 1852298 9835,  57.32+046 7868 094tf75fg [0]
0311098 —1.27j8¢% - 37.7f§§3 4.9j8?g 53125+7225 87 205f8;5 [0]
031111A —o.szjﬁﬁé - 4044@5-% 14.9+58 794053 15181 214j§;§ [0]
031111B — -2.292, 6.01{%;%1 9.85j8-3§ 2734+216 581 olljg-l%; [0]
031203  -1.1879% -23 1482752 2268714 1038+0.29 9235 21707 0]
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Table 2. (continued)

GRB a B Egggk (keV) Sx Toop SNR Zsample Ref. Zsample
031220 —1.51t§;§3 -3.25723, 46.9ji§% 5.5j%§ 9.69+0.93 139 lssj;g [0]
040319 —0.89t8;24 - 56.612% 6jg;% 6.1+ 0.85 2312 17912 0]
040423  -1.0293¢ — 30.7+48 22.7+28 4587+1.13 1747 12697 [0]
040425  —0.86°000 — 2999{1729 17.2%‘1 13881+ 165 1116 22308 [0]

0. 487 . 0.
040511  -0.92°010 039787 31783 “458.053 3661 18305 [0]

—0.14 T -113 -Q.
040701 - 239 <344 S46ER  1167s572 1276 02146008 [27
040709 —1.25t§;§2 - 70983 80.6*% 8248+ 0.24 583 1fg;8 [0]
040802 —0.85t8:% - 9222{;-8 4.79_*}353 3.05+0.18 3939 181j0~g§ [0]
040825A —1.51t8;§§ — 60f3% 9.6j01¢g,5 392+201 1047 10602 [0]
0408258 -1.48'077 251756 1270 158+545 103 22408 [g]

-0.17 - 0. 8
040912A —1.17*9'54 —2.49f8:[214 14.16;31-2% 20.36*304 9.21+0.27 3944 033f8-§ [0]

—Q. . —2.04 .
040912B —1.25f§;§§ - 17413 9.5jg-§g§ 12241+7.18 819 1563091  [28]
040916 -1 —— < 35 7.74j§¢8i 349+ 1023 666 < 07 [0]
040924 —1.03ig»g73 —— 41 1j§-§7 2345, 337x008 8597 ossgf%%gg [29]
041004 —1.3j§;81jg - 537+1L 1338%%4 5013+249 3564 058705 [0]
041006 137 —— 477+, 3897 2208+ 033 12037 0716j%gg [30]
041016  -1.1370% -2.3 1653+7318 82171 2196+17 1359  349'F [0]

_0.21 —1. —1.7
041127 —1.01f§§é —2.27j§;§‘; 3510 26.9j915;§§ 4914+226 2519 096%535 [0]
041211  -0.69028  _14g0l6 132116 10604 11384+42 4438 3290  [g]

—Q. -0.54 ~763 X

050123 —0.71j§;§2 - 40.2j§ 6.7+03 1472+ 117 2506 15398 [0]
050209 —1.528:38 23 445j§§8§ 5.5+082 1838+ 059 1537 zgsji;g [0]
050408  -1.769%% ~2.2+018 25910 324703 2839+ 056 5085 1235718ggg§ [31;32]
050509 — —-— < 19 606 21+5 7.06 0680 0
050729  -0.61+043 -23 7842+2322 3.9?9'§-gg 5.23+0.51 2435 25+g%% {o}
050807 —1.535%32 -2.3 6947%%% 14.15%53 1032+1 1917 o7§f%f5% [0]
050922 —0.83%% — 1305309 5.4fg;6., : 6.13+ 1.4 3825 2198;%;%0} [33]
051021  -1.04'C — 96+20 192705 3679+ 1.13 3554 1370 [0]
051022 —1.01j§{$§ ~1.9592% 213%%7 214%5 178+ 8 22638 ostg;%i [34]
051028 —O.94j8:%6 — 249%? 7.99;%;23 1466+ 1 2535 366%:8 [0]
051211  -0.07*% 1215 07659228 49+061 1883 483L [0]

-04 - - 20.3 )
060115  -074703%  _1g81+012 94.6%34 224704 2068+045 8709 152025 [0]
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[0]= our work; [1}= Djorgovski {200]L); [2k Price et al. [2042); [3} Hjorth et ab); [4% Berger et al.|(2007); [5] Barth et al. (2003); [6}

Jakobsson et al| (2045a); FBavaglio et al.[(2002); [8] Castro-Tirado et al| (20p2); [9]Lazzati et al.[(2006); [16] Vreeswijk et al. (2002);

[11]= Fox et al. ); [12} Levan et al.[(2006); [13] Ando et al. a); [14] Ando et al. b); [15} Greiner et aI.a); [16]Price

et al. {200B); [17& Shin et al. [20d6); [181 Martini et al. [200B); [19F Rol et al. [200B); [20F Fugazza et al[(20D3); [22]Maiorano et al.

); [22F Greiner et al. b); 23] Caldwell et al. 3 ; [243 Bloom et al. 3); 25} Jakobsson et al 20|O4 ; [26Rau, Salvato

& Greiner (200p); [27k Kelson et al. (2004); [28] Stratta et aI.7); [29] Wiersema et al | (20D4); [38]Fugazza et al| (20p4); [3]Berger,
i

Gladders & Oemler| (2005); [32]Prochaska et al5); [33]Jakobsson et al5b); [34zal-Yam et aI.5).
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Table 3. Intrinsic properties of our complete sample of HETE-2 |gzed GRBs.
For each burst, the values reported in columns 2, 3 and 4 aseltalogarithms which enable us to obtain the individuahtwgal distributions
of the Epeak Toos andEiso. The znay used to derive the correspondiigay are shown in column 5. The resultingViax are reported in the last

column.

GRB log E',?érak log Tg&% log Eisos2 Zmax V/Vimax
001226...... 548+ 0.091 166+ 0.037 0516+ 0.112 112+0.19 0779+0.012
010213...... %93+ 0.03 1239+ 0.028 -2.172+0.023 Q039+0.08 0091+ 0.009
010225...... D03+ 0.122 Q403+0.059 -0.173+0.08 15+ 0.3 1
010326...... B41+0.111 -0.264+0.106 0518+0.115 485+1.47 0552+0.049
010612...... 306+ 0.168 0916+ 0.095 1457+ 0.11 922+ 22 0.61+ 0.052
010613...... B91+0.087 1952+ 0.034 0711+ 0.12 142+ 0.28 0173+0.016
010629...... D38+ 0.06 0925+ 0.053 0357+ 0.054 186+ 0.49 0228+0.029
010921...... 2428+ 0.053 1177+0.014 -0.076+0.028 118+0.01 0104+0.001
010928...... 293+ 0.073 0841+0.048 1814+ 0.12 923+ 143 0406+ 0.027
011019...... 525+ 0178 1168+0.089 -1.324+0.123 065+0.34 063+0.038
011130...... #3+0.162 Q958+ 0.068 —2.26+ 0.06 019+ 0.05 (0705+0.038
011212...... M71+0.177 1476+0.063 -1.703+0.061 (038+0.16 0679+0.028
020124...... 531+ 0.053 1086+ 0.008 1999+ 0.083 558+0.06 0532+ 0.005
020127...... 281+ 0.082 0399+ 0.032 0553+ 0.059 345+0.38 0376+0.016
020305...... D95+ 0.17 1118+ 0.058 122+ 0.107 411+ 091 0367+0.03
020317...... 08+ 0.093 036+ 0.06 023+ 0.185 259+ 041 0727+0.016
020331...... 28+ 0.077 1755+ 0.057 1189+ 0.073  383+0.74 0455+ 0.032
020625...... 141+0135 0991+0.096 -1498+0.126 053+0.29 0671+0.035
020801...... D54+ 0.129 2339+ 0.117 1241+ 0.222 168+0.85 0507+ 0.049
020812...... 752+ 0.182 0606+ 0.103 1063+ 0.121 478+139 (0716+0.035
020813...... Z73+0.042 1588+ 0.002 1982+ 0.016 38+0.03 0169+0.002
020819...... B58+0.079 1304+0.067 -0.251+0.076 096+0.02 0124+ 0.002
021004...... 292+ 0104 117+0.013 Q754+ 0.087 31+0.02 0655+ 0.006
021016...... P37+ 0.17 1358+ 0.115 1517+ 0.096 501+183 0451+0.064
021021...... 56+ 0.16 0961+ 0.102 -0.751+0.143 108+0.3 0.927+0.009
021104...... B4+0.109 1002+ 0.06 0097+ 0.116 125+0.21 Q77+0.012
021112...... 517+ 0.148 -0.216+0.137 0482+0.168 474+122 0875+0.015
021211...... D77+0.03 0321+0.015 0348+0.043 293+0.02 0149+ 0.002
030115...... 284+ 0.094 0802+0.043 0592+ 0.03 404+ 011 0436+ 0.006
030226...... 281+ 0.053 1409+ 0.014 0923+ 0.065 29+ 0.03 0556+ 0.004
030324...... 237+ 0.255 Q374+ 0.097 0847+0.035 605+1.26 0586+ 0.032
030328...... 515+ 0.029 1739+ 0.005 1381+ 0.013 408+0.02 0226+ 0.001
030329...... D15+ 0.008 1345+ 0.004 003+ 0.008 116+ 0.00 0007+ 0.000
030416...... (295+0.173 11+0.042 -2501+0.139 021+0.03 0228+0.01
030418...... 309+ 0.147 1558+ 0.113 1175+ 0.055 319+ 107 0906+ 0.015
030429...... 222+ 0.069 0554+ 0.054 054+ 0.049 339+ 0.02 0718+0.004
030519...... 209+ 0.036 0841+0.018 121+ 0.067 374+ 0.29 0075+ 0.005
030528...... 753+ 0.043 1549+ 0.02 0483+ 0.035 134+001 0307+0.003
030723...... (r93+0.279 Q795+ 0.045 -1.258+0.105 06+0.09 0802+0.013
030725...... 282+ 0.045 1965+ 0.036 Q752+ 0.016 26+ 033 0132+0.012
030821...... B72+0.063 0845+ 0.048 Q719+ 0.058 3+0.53 0447+ 0.024
030823...... 717+ 0071 1439+ 0.043 0101+ 0.054 114+0.23 053+0.022
030824...... ¥4+ 0.17 0915+ 0.041 -1.659+0.089 029+0.1 0551+ 0.03
030913...... Do6+0.147 -0.012+0.137 1023+0.189 819+221 0772+0.032
031026...... $95+0.234 Q947+ 0.093 2178+ 0.136 689+1.69 0969+ 0.004
031109A...... 564+ 0.044 147+ 0.024 102+ 0.025 293+0.38 0129+0.011
031109B...... 231+ 0174 2145+0.129 0664+ 0.099 309+1.18 094+ 0.01
031111A...... 316+ 0.045 Q402+ 0.037 1288+ 0.053 1051+1.17 0182+0.018
031111B...... (r52+0.272 1359+ 0.027 -1.808+0.14 019+0.05 1
031203...... 583+ 0.074 0517+0.057 1661+ 0.057 663+131 026+0.034
031220...... 204+ 019 0585+0.117 0013+ 0.062 208+0.82 064+0.048
0403109...... 283+ 0.129 Q37+0.124 05+0.13 29+131 0421+0.062
040423...... B45+0.085 1314+0.078 0607+ 0.102 18+ 058 0507+0.041
040425...... 301+ 0.064 1634+0.038 1307+ 0.07 273+0.35 0739+0.009
040511...... 221+ 0.062 122+ 0.05 1255+ 0.076 346+0.63 0366+ 0.03
040701...... 0105+ 0.146 Q955+ 0.122 -2.096+0.074 03+001 0384+0.013
040709...... 25+ 0.051 1618+ 0.041 0898+ 0.035 249+ 05 0182+0.021
040802...... 23+0.077 0033+ 0.062 0955+ 0.115 374+0.79 0358+0.036
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Table 3. (continued)
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GRB log El,?etrak log Tg&% log Eisos2 Zmax V/Vimax
040825A...... D56+ 0.133 1287+0.068 -0.088+0.069 117+0.35 0772+0.02
040825B...... D42+ 0123 Q701+ 0.098 0698+ 0.039 249+ 052 0838+0.014
040912A...... 047+ 0.095 (0851+0.064 -0.782+0.24 061+036 0162+0.043
040912B...... $2+0.194 168+ 0.015 0327+0.131 182+ 0.01 0754+0.007
040916...... 165+ 0.163 2401+0.052 -1.329+0.052 042+0.18 0856+0.028
040924...... B8+ 0.014 Q259+ 0.006 0292+ 0.029 25+002 0129+0.001
041004...... D38+ 0.059 1504+ 0.037 0632+ 0.235 113+0.25 0213+0.019
041006...... D15+ 0.016 111+ 0.004 0219+ 0.013 237+ 0.02 0092+ 0.001
041016...... 263+ 0.288 0689+ 0.096 164+ 0.243 495+ 1.35 07+0.031
041127...... B09+ 0.091 1417+0.067 0458+ 0.08 153+ 049 0341+0.038
041211...... B04+0.188 142+ 0.054 1496+ 0.263 866+ 15 0.389+0.029
050123...... D13+ 0.092 Q765+ 0.085 0434+ 0.142 273+0.86 0395+ 0.045
0502009...... 311+ 0274 0669+0.111 12+0.212 424+ 136 0663+0.043
050408...... 778+ 0.083 1103+ 0.005 0537+ 0.007 268+0.01 0261+ 0.002
050509...... 104+ 0345 112+0.095 -0.836+0.125 064+0.28 0807+ 0.026
050729...... 255+ 0.084 Q172+0.059 1515+ 0.214 487+0.86 0447+0.026
050807...... 25+0224 Q781+0.117 015+ 0.117 114+ 067 0411+0.066
050922...... 556+ 0.073 0285+ 0.062 Q742+ 0.132 459+ 0.08 0378+ 0.007
051021...... 386+ 0.067 1184+ 0.053 0685+ 0.061 304+0.65 0289+0.028
051022...... 585+ 0.022 1995+ 0.012 1356+ 0.014 371+005 0065+ 0.001
051028...... 303+ 0.152 0509+ 0.1 1273+0.125 672+2.05 0522+0.049
051211...... B62+0.101 -0.076+0.085 224+ 0.377 771+1.85 0652+0.035
060115...... B97+0.056 Q91+0.025 1096+ 0.065 463+046 0203+0.014
060121...... 526+ 0.043 -0.045+0.033 1499+0.069 537+0.62 0253+0.018




