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1. Introduction

The large number of events detected by 8veéft satellite [1] in its first 6.5 years of life, has
allowed the creation of an uniform, unbiased and complatgpaof long and bright gamma-ray
bursts (LGRBSs), the so-called BAT6 sample [2]. The samplesists of 58 events selected to be
relatively bright in the 15-150 keBwiftBurst Alert Telescope (BAT) band, detected between Nov
2004 and May 2011, and with favourable conditions for grebaded multi-wavelength follow-up
observations. Having the highest level of completenesdishift (~ 95%), the exploitation of
this complete LGRBs sample allowed a series of studies ofkbleal properties of this class of
event at all wavelengths. In this paper we summarise the fimalimgs of the BAT6 sample, with a
particular focus on the statistical results obtained inapical domain. For a more exhaustive and
detailed explanation of each result we refer the readenggiesiocused paper that we published on
each topic.

2. Optical LGRBslight curves

We were able to compute the rest-frame light curves in thaykand optical bands for 55 and
47 objects, respectively. After taking into account for amgsible source of absorption (Galactic
and intrinsic) that could affect the observed fluxes, we aateghthe X-ray and optical luminosities
and compared the behaviour in these two bands [3]. For therityapf the events { 70%),
the rest-frame light curves in the X-ray and optical bandgte different evolution, indicating
distinct emitting regions and/or mechanisms. While thea}(-emission seems to still have a strong
contribution from the prompt emission or from some late taeatral engine activity, the emission
in the optical band is mostly (if not completely) dominatgdthe afterglow emission.

Moreover, the optical luminosity of LGRBs, estimated in tRédand at a rest-frame time
tre = 12 hr, has a uniform distribution (Fig. 1, left panel) arounthean value Log(k) = 29.9
(dispersiono = 0.8). In fact, we unarguably demonstrated that no bimodaditgresent, as found
in previous published studies based on incomplete samples.

3. Optical extinction

Using optical and X-ray information, the rest-frame extioic (or limits on it) could be esti-
mated for the 91% of the cases (53 events out of 58). Thellitvh of the rest-frame extinction
seems to be bimodal, with the majority of the events cludtatevirtually zero extinction and sev-
eral events at higher extinction (Fig. 1, right panel). Irtigalar, 87% of LGRBs have an extinction
smaller than about 2 mag-(50% smaller than 0.3-0.4 mag), while the remaining 13% oh&ve
are suffering from high extinction (more than 2 mag, see [#je percentage of events with large
extinction could be slightly higher if we assume that thergseavithout redshift measurement in
our sample are likely part of this class. Therefore, thistfom is well in the range of the estimated
percentage of dark bursts (see next Section).

There is no clear redshift dependence of the derived rasidrextinction up ta~ 4. However,
we find that the largest extinction is detected in the retishifge 15 < z< 2, close to the expected
peak of the star formation rate [4].
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Figure 1: Left optical rest-frame luminosity of LGRBSR¢{band, erg s' Hz 1) distribution attgr = 12
hr. The mean value of the distribution jis= 29.9 with a dispersioiw = 0.8 [3]. Right histogram of the
computed rest-frame\Afor the LGRBs. Upper and lower limits are also reported (rethgles) [4].

4. Dark GRBs

We studied in details the properties of the subclass of alpidark bursts in the BAT6 sample
[5]. According to the definition of dark burst from [6], we fitldat:

1. there is a genuine population 5— 35%) of optically obscured events (Fig. 2, left panel);

2. the majority of those are dark from very early time, megrhat their darkness is likely due
to the Lya absorption in the optical bands;

3. dark bursts do not have different prompt properties coethéo the normal events. At the
same time they are not only fainter in the optical but alsghigr in the X-ray;

4. the higher X-ray column densities observed for the darktbun our sample (Fig. 2, right
panel) clearly indicate that they formed in metal-rich eoninents where a fair amount of
dust must be present;

5. the redshift distribution of the dark bursts populatistthie same as the whole sample.

All that considered, dark bursts can be hardly explainediéncontext of the high-z scenario
or the low-density scenario. The most plausible explandtdeft to be found in the context of the
dust scenario and in fact high values of the X-ray column itiessare hint of high local absorption.

5. Host galaxies

We started to investigate also the properties of the hosixged for LGRBs in our sample.
From the spectral energy distribution analysis of the hakixdes atz < 1 of the BAT6 sample (14
events) we were able to determine their stellar masses witl gccuracy.

We find that LGRBSs hosts at< 1 have lower luminosities and stellar masses than expefcted i
LGRBs were unbiased star formation tracers. The preferfardew metallicities environment (Z
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Figure 2: Left dark bursts distribution in the BAT6 sample. The dimensirihe symbol is a direct
visual of the value of the redshift of the GRB; the larger tiimbol the bigger the associated redshift [5].
Right column density () as a function of the spectral ind@gx (from [11]). Open squares (filled circles)
indicate dark (non-dark) GRBs according to [6]. Limits orgbh two parameters are indicated with arrows.

< 0.5Z,) inferred by the comparison with the simulations (Fig. & panel) can be a consequence

of the particular conditions needed for the progenitor ttgroduce a GRB [7].

6. Other BAT6 results

e The first result obtained with the BAT6 sample is that in ortbeaccount for the observed
redshift distribution of LGRBs a strong evolution in lumsity (& = 2.3+ 0.6) or in density
(&g = 1.7 £ 0.5) is required, on top of the known cosmic evolution of teRJ2]. These
two scenarios are consistent with each other and this aallsther indicators in order to
distinguish among different evolutionary models (Fig. ig§ht panel). On the basis of our
models we predicted that 3%-5% of the bursts detecte8voijt lie at redshift z> 5. Sub-
sequently, this prediction strengthened the result foynfbpbthat high-z bursts contributed
only marginally to the observed fractior 30%) of dark bursts.

e Using the complete sample we were able to study the spesigaljy correlations in an unbi-
ased way. The slopes of the well-known GRBs correlationsdéfby the BAT6 sample are
0.61 (for the BeaxEiso correlation) and 0.53 (for thepgaxLiso correlation). The estimated
slopes are consistent with the values found with largerddmplete samples. This means
that negligible selection effects for spectral-energyreations are present. Moreover, we
find no evolution with redshift of these correlations. Seegi@d [9] for details.

e The mean value of the total distribution of intrinsic coluatensities (I\,) of bright LGRBs
(21.7 £ 0.5) is consistent with the mean value of previous inconepdetimples (i.e. 21.%
0.1, from [10]). The value of N increases with redshift, with some contribution due to the
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Figure 3: Left Cumulative distribution of the stellar masses of the LGRRBtk in the BAT6 sample (dotted
line: whole sample; solid line: with LogM> 8.4 M., compared to that obtained by LGRB host galaxy
simulations [7]. The observed distribution is explaineddayetallicity cut favouring low metallicities (Z
0.5Z.). Right normalised redshift distribution of LGRBs. The observedshift distribution (red points)
are compared with the "no-evolution" case (blue dashed &nd with models for luminosity (light blue)
and density (orange) evolution [2].

intervening systems along the line of sight. There is a gtroorrelation between LGRBs
darkness and N supporting the picture in which the darkness of a GRB is igtoases due
to absorption by circumburst material [11].

e A significant correlation was found between the rest-frameyluminosity (Lx) with the
prompt emission isotropic energy;{g} and the isotropic peak luminosity k). These cor-
relations are stronger at early timegst= 5 minutes) while theirs significance decrease with
time. This strongly indicates that thelis still affected at early times by the contribution
of the prompt emission, while at late times the most significantribution comes from the
afterglow emission [12].

e The majority of the BAT6 LGRBs have been observed at radigueacies £ 70%). Assum-
ing some standard afterglow parameters (see [13] for fullitd® we derived the radio flux
distributions of all the GRBs that can be detected from Eafta estimated also the number
of radio afterglows £ 66 GRB yr?! sr 1) that can be detected by JVLA, MeerKAT2 and
SKA [14]. These radio detection rate depend on the exposmest and on the observing
frequency and time. The sooner the radio observation (letvitel0 days post-burst) the
higher the rate of radio afterglows detection.

e Within our sample we identified 10 events that show a prectrsthe SwiftBAT 15-150
keV energy band. These events can be explained assumintp¢hegéntral GRB engine is
a newly born magnetar and the precursor and the prompt emiasises from the accretion
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of matter onto its surface [15]. The fraction of GRBs powdngdh magnetar is even higher
if we interpret the plateau in the X-ray light curves of GRBeaflows as due to continuous
energy injection from the magnetar spin-down power, rasylh at least- 80% of the entire
population.

e We applied the standard procedure to find out the GRB tinegiated spectral lag to the
LGRBs of the BAT6 sample. For 50 events it was possible torgdete the value of the
spectral lag, and we do not find evidence for any lag-lumigosorrelation. Our result
suggests that the previously known lag-luminosity cotiefais actually a boundary on that
plane [16].

7. Conclusions

The exploitation of the complete BAT6 sample has allowedteebanderstanding of the prop-
erties of LGRBs at different wavelengths. A series of stsidiave been published to report the
focused analysis of each single aspect. These results,odiine thigh level of completeness of
the starting sample, can be considered as representatitie ofole class of LGRBs. Therefore,
future observations from the ground, aimed to maintain trealeteness of such a sample as high
as possible, are extremely important.

At present time the complete BAT6 sample has reachddO events. A dedicated webpage
has been createdvivwbrerainaf.it /utenti/melandryBAT6_Samplg, that will be updated with
future results of the extended BAT6 sample.
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