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1. Introduction

The measure of the distance®Wiftbursts has been secured for orlyl/3 of the cases. The
low completeness level in redshift determination, strongly limits the possibility dfgreunded
statistical studies of the rest-frame properties of long GRBs. Therataseimportant to obtain
an unbiased complete sample of GRBs, capable to fully represent this ttaged. To this end,
we select bursts that have favorable observing conditions for rédigtdrmination from ground
and that are bright in the 15-150 keSWiftBAT band. We find 58 bursts matching our selection
criteria with a completeness level in redshift determination of 9899%% if we consider also the
redshift constraints imposed by the detection of the afterglow or hostyg@laome optical filters).
Our sample provides the solid basis for the study of the long GRB populationunlaiased way.
We take advantage of the high completeness level of our sample to constr&R luminosity
function (Salvaterra et al. 2012), to study the correlation between @iysicameters of the bursts
(Nava et al. 2012; D'Avanzo et al. 2012), the properties of the Higkt curves and of the
environment in which they explode (Campana et al. 2012; Melandri et(dl2)2

In this paper we present the main results about the luminosity function (armbigbje evolu-
tion with cosmic time) and then we focus on the study of spectral-energyatwns. In particular,
we investigate the correlation between the rest frame peak efgggyof the vF, prompt spec-
trum and the isotropic enerdyiso (Amati et al. 2002), and the correlation betwegjaaxand the
isotropic peak luminositys, (Yonetoku et al. 2004). These correlations are valid for long GRBs.
There are indications that short bursts obey the very dagag— Liso relation defined by long
events but they are inconsistent with gax— Eiso correlation (Ghirlanda et al. 2009).

Despite the considerably large number of bursts consistent with theséatioms, their phys-
ical origin is debated. Some authors claim that they are the result of insttainsetection effects
(Nakar & Piran 2005; Band & Preece 2005). Other studies (Ghirlanala 2008; Nava et al. 2008)
quantified the possible instrumental selection biases finding that, even ifaledffedt the sample,
they cannot be responsible for the existence of the spectral-enarmgjations. GRBs added to
the Epeak— Eiso andEpeak— Liso COrrelations need to have their redshifts measured. This raised the
suspect that these correlations might be biased by the high level of indemgss in redshift of
the samples of GRBs so far used. In this paper we investigate this issue wiharople, which is
nearly complete in redshift.

Finally, we take advantage of our complete sample to study the impact of instalreelec-
tion effects on thdpeak— Liso COrrelation. In particular, we answer to this specific questiight
the Byeak— Liso COrrelation be produced by the threshold of a flux—limited sample of dursts

2. Thesample

Jakobsson et al. (2006) proposed a series of criteria in order tlubargelect long GRBs
which have observing conditions favorable for redshift determinationilé¥vone of their criteria
is expected to alter significantly the redshift distribution of observed GRBs;ompleteness level
is increased te- 53%.

To obtain a more complete sample we select bursts matching the above critehiavarngl1-s
peak photon flus® > 2.6 ph st cm™2. Up to May 2011, 58 GRBs match our selection criteria
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Figure 1. Normalized redshift distribution of the complete sampkd(data points). Error bars show the
Poisson uncertainties on the number of detection in thehiftdsn. The dashed line shows the expected
distribution for the no-evolution case. Results of lumityand density evolution models are shown with
the light blue and dark shaded orange regions, respectihadding into account the errors on the evolution

parameter.

and are listed in Table 1 of Salvaterra et al. 2012 (S12). 52 of them haagsuneel redshift so that
our completeness level is 90%. Moreover, for 3 of the 6 bursts lackingunea z the afterglow or
the host galaxy have been detected in at least one optical filter, s& @& of the bursts in our
sample have a constrained redshift.

For 46 bursts (out of 58) we can estim&@igax Liso andEiso. For 6 GRBs, instead, there is
a good knowledge of the prompt spectral shape &%’gkis well constrained), but the redshift is
unknown (in 3 cases it is possible to derive an upper limit fsom the photometry of the afterglow
or of the host galaxy). For the remaining 6 bursts the determinaticﬁggjL is not possible: in 3

cases the spectrum is well described by a single power—law, while in the3otlases it is possible

to set a lower limit to the observed value BfS, Spectral properties of the 58 GRBs of the

complete sample are reported in Table 1 of Nava et al. 2012 (N12).
Itis interesting to compare tH&eak— Eiso aNdEpeak— Liso COrrelations defined by the complete

sample with the same correlations defined with a larger sample of GRBs, comgptidinrsts with
measured redshifts arEgggkdetected by different satellites. This sample (called in the following

the ‘total’ sample) up May 2011 contains 136 bursts.

3. Redshift distribution and luminosity function

The redshift distribution of the bursts in our sample is shown in Fig. 1. Thearfreadian)
redshift of the sample is.84+0.16 (1644 0.10) with a long tail at higle extending, at least,
up toz=5.47. The expected redshift distribution of GRBs can be computed onceRIB:LE
and the GRB formation history has been specified. We explore two gemgyedssion for the
GRB LF: a single power-law with an exponential cut-off at low luminosity arlmt@ken power-
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Figure 2. Amati (left panel) and Yonetoku (right panel) correlatior@rey filled circles refer to the total
sample. Their power—law fit is shown as a solid dark line. Bubglonging to the complete sample are
marked as empty red squares and the red dashed line regrésgnbest fit model. The position of the two
historical outliers, GRB 980425 and GRB 031203, is also shfiMue stars), together with the burst of our
complete sample, GRB 061021, that is above thies@atter limit.

law LF. We optimize the value of the model free parameters by minimizing the Cistatién
jointly fitting the observed differential number counts in the 50-300 keV ldBATSE and the
observed redshift distribution of bursts in our sample. The correspgmedshift distributions are
shown in Fig. 1. The simple no-evolution scenario (dashed line in Fig. X9 aoeprovide a good
representation of the observed redshift distribution of our sample: teeofaGRBs at highe is
underpredicted. For this reason, we consider evolution scenariom#tyaénhance the number of
detections at higlz- If the cut-off (break) luminosity is an increasing function of the reddfiifat

is Leut(2) = Leuro(1+2)?) then highz GRB are typically brighter than low-bursts (luminosity
evolution model). We find that a strong luminosity evolution wih= 2.3+ 0.6 is required to
reproduce the observed redshift distribution of the bursts in our congaetple (light shaded area
in Fig. 1). Also density evolution models may lead to an enhancement of the GRBtion rate
with redshift. We parametrize the evolution in the GRB formation ratg @s = no(1+z)%. By
fitting our datasets we find that strong density evolution is requireddyita 1.7 + 0.5.

4. Epeak— Eiso and Epeak— L correlations and evolution with redshift

We test theEpeak— Eiso and theEpeak— Liso COrrelations with the sample of 46 bursts (included
in the complete sample) with firm estimates of the redshift and of the spectpaities. The results
are shown in Fig. 2. Data points from the total (incomplete) sample are plottedifgparison as
grey dots. Red squares show the bursts of the complete sample. WeHgu@dE;s,>%! (rank’s
correlation coefficienp = 0.76 and chance probabilitycRnce= 7 x 1071°) and EpearILise’>>
(p = 0.65 and Rpance= 1 x 10°5).

The behavior of GRB 061021 is very peculiar, since it lies at more thandteod the Amati
and Yonetoku correlations. Twelve events belonging to the complete sampietdze directly
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Figure 3: The simulated population of GRBs is shown by the dashed cositd, 2, 3 and 4 levels).
Those with a flux in the 15-150 keV energy range larger tharflthelimit Fj,=2.6 ph cnt? s71 of the
Swiftcomplete sample are shown by the (red) solid contours. Tae ¢gue) circles are the 46 GRBs of the
completeSwiftsample. Left panel: no intrinsic correlation betweggakandLiso is assumed. Right panel:
the simulation is performed by assuming a relation betviggr andLiso.

used to test the correlations, since they have some unknown propertgdieft or the spectral
peak energy. However, we tested their consistency with the correlatidnsefound that they are
all consistent.

The possibility that evolutionary effects play a role in the spectral-enasgglations still
represents an open issue. To investigate if the slopes &L,te— Eiso andEpeak— Liso COrrelations
have a dependence on the redshift we define 4 bins of redshift agstigmte the correlations in
each bin. There is no evidence of a systematic evolution of the slopewith

5. Theimpact of selection biases on the Epea— L correlation

We performed Monte Carlo simulations of GRBs with a given redshift distribudiod lumi-
nosity function (as described in Ghirlanda et al., 2012). From the simulategls we extract a
subsample of GRBs that have a peak flufi, = 2.6 ph cm? s~ (which is the same flux limit
of the completeSwiftsample studied in S12 and N12). We also required Eﬁ@jkof the detected
bursts can be measured by current instruments, i.e. that it lies in the 12 k&% energy range.
These are the simulated bursts that wouldletectedy Swift

If we make the hypothesis that there is no correlation betviiggskandLiso, only in 7.3% of
the repeated simulations (e.g. for the case of a GRB population evolving sityerith redshift,
as found in S12) we find a statistically robust (i.e. chance probability ofathie correlation coef-
ficient < 107°9) Epeak— Liso correlation (figure 3). If we also require that our simulations produce
a correlation similar (in slope, normalization and scatter) to that observedgamalnGRBs of the
completeSwiftsample, the percentage reduces to 0.7%. Therefore, we reject theypothbsis
that there is not an intrinsi€peax— Liso COrrelation at the 247 level of confidence (3@ for the
case of luminosity evolution).
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6. Conclusions

We select a sub-sample 8fviftlong GRBs that is complete in redshift. The sample is com-
posed by bursts with favorable observing conditions and with 1-s peatiopliluxesP > 2.6 ph
s~1 ecm~2. It contains 58 bursts with a completeness level@0%.

We use the observed burst redshift distribution of our complete samplefte pnd constrain
the evolution of the long GRB population in redshift. We confirm that GRBs imaxst experienced
some sort of evolution being more luminous or more numerous in the past tearvet today.

We use this complete sample to study the spectral-energy correlations in iasachivay.
We find that this sample defines two strong correlationsEgikk— Eiso (rank’s correlation co-
efficient p = 0.76 and chance probabilitycRnce= 7 x 10710 and (ii) Epeak— Liso (0 = 0.65
and Rhance= 1 x 10°%). The slope are 0.61 and 0.53 for the Amati and the Yonetoku correla-
tions, respectively. These slopes are consistent withirf2r) with the slopes of th&peak— Liso
(Epeak— Eiso) correlation defined by bursts not satisfying the completeness criterigp(ementary
sample). Our study outlines the presence of one GRB (061021) that Bediatit (or more) of the
tested correlations. In particular, it is an outlier to the Amati correlation. Tésgmce of outliers to
the Amati relation is somehow expected from the study of the observatioma Iﬁg’égk—Fluence
Nava et al. (2008; 2011) studied the distribution of BATSE and GBM bimdisis plane and de-
rived respectively a 6% and 3% of outliers. By taking advantage of omnptete sample, for both
correlations we investigate the possible evolution with the redshift of thefibettpes. To this
aim we define 4 bins of redshift, chosen in order to have 4 sub—samlesctérized by a similar
number of objects. We find no relation between the slope of each sub—samdgleeaedshift.

We investigate the role of instrumental biases onBh&k— Liso correlation. Our simulations
show that the this correlation cannot be due to a selection bias causeduxylarfited sample.
These results suggest that a correlation betviggrandEpeaxshould have a physical origin.
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