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We selected a complete sub-sample ofSy@ftbright long GRBs. The sample was selected con-
sidering bursts with favorable observing conditions fargrd-based follow-up observations and
with the 1-second peak flux above a flux threshold of 2.6 protom 2 s~1 in the 15-150 keV
energy band. This sample has a redshift completeness ligyeithan 90%. Complete samples
are at the base of any population study and we used this samleestigate the properties of
long GRBs. In particular, we derived their evolution withsaac times, focusing on the GRB Iu-
minosity function, the prompt emission spectral-energyelations and the nature of dark bursts.
If we assume that long GRBs trace the cosmic star formati@m, tve can reject the no-evolution
scenario in which the GRB luminosity function is constantédshift. We also confirm the exis-
tence of stron@Epeak— Eiso aNdEpeak— Liso COrrelations for the bursts of this complete sample and
of a genuine dark population, with 30% of dark-burst events expected for the whole class of
long GRBs. These dark-bursts events seems to generate imaraser metal-rich environments
where dust must be present with respect to normal brighttsven
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A complete sample of GRBs

1. Introduction

Long Gamma Ray Bursts (GRB) are associated to the death yinassive stars and, there-
fore, are associated with star forming regions. Moreovay tare very bright objects that can be
detected up to extremely high redshifts: so far we have aseapectroscopic redshift 8.2 and
a photometric record holder @£9.4. At these values, the Universe was very young, lessiém
of its current age. As a result GRBs can be used to trace ady #ta stellar evolution, the history
of the star formation and metallicity enrichment from thedbUniverse up to the formation of the
very first stars. Although it is still not completely clearGiRBs provide un unbiased view of the
star formation rate, for sure they provide, at least padlgtian independent and very powerful
channel to investigate the Universe at all ages, after therfiassive stars have started to form and
die. However, if we want to use them to perform statisticabstigations of the Universe history
as well as to study their intrinsic evolution, we need wefirkxd and unbiased samples of GRBs
(or with biases that are well under control). Clearly we alsed GRBs with a measured redshift
in order to derive their distance/age luminosity and othairisic parameters.

To this end we started with the fuBwift ([?]) sample, for which~ 1/3 of the bursts has
measured redshift. While this represents an enormous iraprent with respect to the p&wift
situation, the sample is still far to be considered compléteerefore we started from the criteria
proposed by7]: i) the burst has been well localized IBwift XRT and its coordinate quickly dis-
tributed; ii) the Galactic extinction in the burst directis low (Ay < 0.5); iii) the GRB declination
is —70° < 0 < 70°; iv) the Sun-to-field distance Bs,,> 55°; v) no nearby bright stars are present.
This increases the completeness levelt60%. We then restricted our sample to GRBs that are
relatively bright in the 15-150 ke\&wiffBAT band, i.e. with a 1-s peak photon fli> 2.6 ph
s 1 cm 2. This corresponds to an instrument thati$ times less sensitive th&8wift 58 GRBs
match our selection criteria up to May 2011 (s&p.[52 of them have measured redshift so that
our completeness level is 90%. Moreover, for 3 of the otheuts the afterglow or the host
galaxy have been detected in at least one optical filter, &o~95% of the bursts in our sample
have a constrained redshift. We note that, while our sangpleesents only 10% of the full Swift
sample, it contains more than 30% of long GRBs with knownh#ds

2. Long GRBs: evolution and/or low metallicity environment are needed

We derived the GRB luminosity function (LF) by jointly fitgnthe observed differential num-
ber counts in the 50-300 keV band of BATSE]j[and the observed redshift distribution of bursts
in our sample. While our completawiftsample provides a powerful test for the existence and the
level of evolution of the long GRB population with redshifte fit to the BATSE number counts
allows us to obtain the present day GRB rate density and terzinstrain the GRB LF. It is worth
to note that the best-fit parameters provide a good fit alseeBwiftdifferential peak-flux number
counts once the 15-150 keV band, the field of view of 1.4 sr &edobserving lifetime oBwift
are considered. We explore two general expressions for R IG-: a single power-law with an
exponential cut-off at low luminosity and a broken powes-laF ([?]).

The results are shown in figuR?. The no-evolution scenario, in which we assume that long
GRBs trace the cosmic star formation and that their LF is teortsn redshift, clearly does not
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Figure 1. Normalized redshift distribution of GRBs witR > 2.6 ph s’ cm 2. Data points show the

observed redshift distribution. The dashed line shows Kpeeed distribution for the no-evolution case.
Results of luminosity and density evolution models are shaith the hatched and dark shaded regions.

provide a good representation of the observed redshifiilalisibn of our sample, confirming pre-
vious findings. Therefore, we considered two evolution ades: i) a luminosity evolution model
in which highz GRBs are typically brighter than lowbursts and, ii) a density evolution model,
leading to an enhancement of the GRB formation rate withhié&dsWe find that both models
can reproduce the observed redshift distribution; imgytimat either the typical burst luminosity
increases agl +2)23+9%6 or the GRB rate density a4 +2)**%5 on top of the known cosmic
evolution of the SFR. This result does not depend on the asd@xpression of the GRB LF. We
also explore models in which GRBs form preferentially in ovetallicity environments. We find
that the metallicity threshold for GRB formation should beér than 0.3 Z in order to account
for the observations assuming no evolution of the GRB I ([

We then used this complete sample of bright long GRBs to tigate the correlations between

their spectral peak ener@peai the isotropic energetidsiso and the isotropic luminosity;so (see
[?]). We find strongEpeak— Eiso andEpeak— Liso Correlations for the bursts of this complete sample,
with only one outlier, GRB061021. Their slopes, normalimas and dispersions are consistent
with those found with the whole sample of bursts with measueglshift andEpea. The biases
present in the total sample commonly used to study theselations do not affect their properties.
We also find that there is no evolution with redshift of B@ak— Eiso andEpeak— Liso COrrelations
([?]). By performing Monte Carlo simulations under differessamptions for their LF we studied
the possible effects caused by the flux-limit selection amEReax— Liso Correlation. If we assume
that there is no correlation, we are unable to reproduce duasto the flux limit threshold of our
complete sample. We can reject the null hypothesis at mare2tivo level of confidence ({]).
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Using theSwiftX—ray Telescope data we derive the intrinsic absorbing KXecdumn densities
of these GRBs (f]). Their distribution has a mean value of [d¢; /cm2) = 21.74 0.5, with a
mild increase of the intrinsic column density with redshiftie to the contribution of intervening
systems along the line of sight. We have also establisheekiseence of a genuine dark population
with ~ 30% of dark-burst events expected for the whole class of BR@s ([?]). The redshift
distribution and the prompt properties of this populatidrdark-bursts are similar to the one of
the whole sample. At the same time their de-absorbed X-rayidlslightly higher than the one
of the non-dark events, while their optical flux is at the lowagl of the optical flux distribution.
All these properties suggest that dark-burst events gen@mamuch denser environments with
respect to normal bright events. In agreement with previessilts, we can therefore exclude
the highz and the low-density scenarios as the cause of their darkridss major cause of the
optically dark events is the dust extinctior?]j| This is also supported by the very tight correlation
between the GRB darkness and their high X-ray column dess{f?]). Finally, we investigate
the relation between the GRB prompt and afterglow emissiopgrties (P]). We find that the
X-ray luminosities correlate with thEso, Epeax @andLiso With a significance that decreases over
time suggesting that the X-ray light curve is dominated leygtompt (afterglow) emission at early
(late) time.

All these results immediately show the importance of havirdl defined criteria to select a
complete sample of GRBs.
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