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1. Introduction

Gamma Ray Bursts (GRB - see Kumar & Zhang 2014 for a recerngwd\are the most lu-
minous extragalactic sources detected up to extreme desgaph= 8.2, Salvaterra et al. 2009;
Tanvir et al. 2009 z~ 9.2, Cucchiara et al. 2011). Long GRBs (with observer—frammtitan
>2 sec) are thought to originate from the core collapse of ivassars while the origin of short
bursts is identified with the coalescence of two compactaibjdn both cases, accretion onto the
newly—born compact object (very likely a BH) powers a relatic outflow in the form of two
opposite jets. GRBs ajjettedandrelativistic sources: their emission (from tlyerays to the radio
wavelengths) originates within a cone of apertéye- 1° — 5° and it is produced by dissipation
(e.g. relativistic shocks and/or magnetic reconnectioithivan outflow expanding with typical
bulk Lorentz factol” > 100.

According to the standard model of GRBs, the outflow inialhndergoes a pressure—driven
expansion which converts internal energy into kin&ig, (acceleration phase). The prompt high
energyy-ray photons are thought to be produced by dissipation s\ariernal shocks - Rees &
Meszaros 1992) after the acceleration, i.e. during theticmpphase whel = I'g =const. The
outflow expands in the interstellar medium, increasing iégssrand decelerating flecreases with
time). The afterglow emission is produced by the dissipatibthe kinetic energy which is left
after the prompt phase (Meszaros & Rees 1997).

The radiation we see from GRBs is amplified by relativisti@aiing. During the prompt
phase, the beaming angle is smaller than the jet opening aregl 1T o < 6, for typical values of
these two parameters. The observer cannot perceive thengeesf a jet from the observation of
the prompty-ray emission (Rohads 1997). The signature of the jet appedhe afterglow emis-
sion when, due to the deceleration of the blast wayE} 6. The measure of this characteristic
timet; (thejet break allows us to infer the opening angle of the &t The transition between the
coasting and the deceleration phase should produce a p#ad @fterglow light curve: the after-
glow luminosity increases proportional to the emittingface during the coasting phase until the
decrease df, due to the deceleration, overwhelms it. The measure ottidsacteristic peak time
ty (theafterglow onsgtallows us to estimate the bulk Lorentz facfqy (Sari & Piran 1999) before
the start of the deceleration, i.e. during the coasting @hasich corresponds to the maximum
(average) value the outflow attained during its dynamiceligion.

2. GRB jets

The presence of jets in GRBs is expected for the nature ofahtral engine (i.e. most likely

a spinning BH) and it is “invoked” to reduce the huge isotoopguivalent energy derived from
the prompt emission observations (upBg, ~ 5 x 10°* erg of isotropic equivalent energy). The
isotropic equivalent energlis, (or luminosity Lisg) of ~200 GRBs with measuretlis broadly
dispersed over more than three orders of magnitudes. Tit@adjs reduced correcting the isotropic
quantities for the collimation factor, i.e, = Ejso(1 —cos6) andL, = Liso(1 —cos§). Frail et

al. (2001) found a clustering d&, ~ 5 x 10°0 erg based on a small sample of 17 events. This
clustering, however, was not enough to use GRBs as standadles (Bloom et al. 2003). The
discovery of a tight (less than 0.07 dex) correlation betwie collimation corrected enerdsy,
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and the rest frame peak enerByeax of the prompt emissiowF, spectrum (Ghirlanda, Ghisellini
& Lazzati 2004; 2007) allowed us to use, for the first time, GREB a new cosmological tool
(Ghirlanda et al. 2004a).
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Figure 1: Cumulative distribution (solid black line) of jet break it (as measured in the observer frame).
The dashed blue line shows the distribution of the jet opgaingles (derived under the assumption of a
wind density profile). The corresponding values are showthéupper x—axis. In the inset it is shown
the correlation between the collimation corrected enefg@RBs (i.e. the true energetic) and the prompt
emission peak energy. The3lispersion around the correlation is shown by the dasheliies!

The measure df from the optical afterglow light curves shows that this igitally between
0.3 and 10 days after the prompt emission. Fitpmve can estimate the jet opening anglél
(At /Exiso)**. Here we consider a wind density profile, scalingRag with the distancer from
the central engine, with normalizatigh= 3.15x 10°® cm~2 (Nava et al. 2006). Alternatively, a
uniform medium has been considered (Ghirlanda et al. 200ddler the hypothesis that20% of
the total kinetic energy is dissipated into radiation dgtime prompt phase (i.e. radiative efficiency
n = 0.2), Ex iso ~ Eiso/1 is the kinetic energy remaining after the prompt emissiomseh

A sample of 39 GRBs (updated to May 2011) wittmeasured from their optical afterglow
is shown in Fig. 1 (solid line). The bursts shown here arearjl only in few short bursts the
jet break has been measured. For this sample of bursts theept time is distributed between
0.2 days and 10 days. The relation betwé&andt; shows that the larger the opening angle of
the bursts, the later will be the appearance of the jet briead (for a fixed value oEy o). The
average value of the distribution {§) ~ 1.2 days. The corresponding jet angle distributirs
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shown by the dashed blue line (the corresponding valueshamesby the upper x—axis of Fig. 1).
The current measuref§] are distributed betweert and 10 with an average valugg) ~ 3°.

In the inset of Fig.1 it is shown the updated correlation leetwthe collimation corrected
energyE, and the peak energy of them, spectrum (open symbols). This correlation, computed
under the assumption of a wind density circumburst medisrinéar and has a scatter of 0.1 dex.
Further analysis and update of this sample of GRBs with med$}iis presented in Ghirlanda et
al. 2015 (in preparation).
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Figure 2: Bulk Lorentz factof o computed under the assumption of a wind density profile f@IGRBs of
the Swiftcomplete sample with an estimate of the afterglow onset (fithed red circles). Lower limits on
"o come from upper limits oy, upper limits o™ are derived assuming thigt> t, , wheret, , is the peak

of the prompt emission. This assumption corresponds tafeamost of the kinetic energy of the outflow
(i.e. whatis left after the main emission episode injheay) to the blast wave to have efficient deceleration.

3. GRB bulk Lorentz factors

The relativistic nature of GRBs was first suggested by therfzactness argument” (e.g.
Litwick & Sari 2001): the radiation we see should escape apamnhregion (as implied by the
fast variability) densely populated by high energy phot¢as implied by the large energetics).
If not moving relativistically with bulk Lorentz factdr > 100 (Prian 1999), the pair production
would suppress the spectrum at high energies (above thprpdiaction energy threshold) contrary
to the observation of high energy photons in GRBs (up to MeV@rV energies - e.g. Ackerman
et al. 2013). Direct evidence that the outflow in GRB jets exisaat relativistic speeds came with
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the detection of radio variability in few cases (Frail et 8097). The ceasing of the variability a
few days after the explosion, if interpreted as due to dEititin by interstellar clouds, allows us to
infer the expansion velocity which turned out to be relatigi

The afterglow luminosity increases with the distance fréwva ¢entral engine (due to the in-
crease of the emitting surface) during the coasting phadgeerithe deceleration starts, however,
" decreases with the radius and overcomes the increase ofritting surface. Therefore, the
afterglow light curve should present a peak, i.e. the aftergnset,t,. Early follow up of the
afterglow emission can secure the measurement of this pegkNlolinari et al. 2007). Through
the standard model, the bulk Lorentz facfay 0 (Exjso/Aty)Y/4. This isT i.e. that at the end
of the coasting phase which corresponds to the beginninigeofiéceleration. This represents the
maximum ™ that the burst attained during its dynamical evolution,utffoit should be regarded
as an average value: it is still possible that differentgaftthe outflow travel with larger/smaller
velocities during the coasting phase (indeed this is a remqént for the development of internal
shocks). The parametéris the normalization of the density profile (assumed to saala wind
like in the case o above).

Since everything we observe in GRBs is subject to relativistaming effects, i.e. the lu-
minosities and frequencies are boosted ByandI™ respectively, the knowledge of this parameter
allows us to derive the comoving frame properties of thesecas.

Ghirlanda et al. (2012) considered a sample of 30 long GRBIs avipeak in their optical
afterglow light curves and derivedy under the hypothesis of a wind density medium (the same
assumption made above) or considering the homogeneousydease. Among the several results
reported in that paper, they found (a) a tight correlatiotwken the isotropic luminositls, and
Mo (Liso I (2)) and (b) a clustering (mostly evident when considering tivedvdensity profile and
the luminosity) of the comoving frame luminosities around.5 x 10*® erg/s. These results led
to propose a dynamical interpretation of gax— Liso correlation as due to a sequence gfin
alternative to existing ones (Yamazaki, loka & Nakamura2@@mb, Donaghy & Graziani 2005;
Levinson & Eichler 2005; Rees & Meszaros 2005; Toma, Yamiagdkakamura 2005; Thompson
2006; Giannios & Spruit 2007; Thompson, Meszaros & Rees 2007

4. Discussion and Conclusions

The measure df requires the follow up of the GRB optical afterglow untildaimes:t; is
typically a smooth transition (van Eerten et al. 2011) whghetter observed in the light curves
if early and late times observations are available. The oreasft; is complicated by the presence
in the optical light curves of several other breaks: earlyaks, e.g. before 0.2 days, could be
erroneously interpreted as jet breaks biasing @hdistribution towards extremely small values.
Indeed, in several X—ray light curves and less often in th&cal the observed emission has a flat
phase (observed between 100 and 90which is most likely not due to the afterglow and its late
time break should not be used to infgr(Nava et al. 2006). It should also be noted that several
authors have been using the X-ray light curve to meaguféis should be done with care: the X—
ray emission (especially in the early stage) is most like@ynahated by a component which is not
the afterglow but rather some form of internal dissipatierg( Ghisellini et al. 2009). In this view,
secure estimate df are those based on the optical light curve, which insteadhtas often the
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characteristic signatures of the afterglow component. ¢l@w the distribution off might not be
strongly missing low values (i.e. sm#})) because the recent years have witnessed an extraordinary
increase of robotic telescopes which often can follow ugafterglow emission in the optical band
starting relatively early after the GRB trigger. If a largadtion of the afterglows would have a jet
break before 0.3 hours we should have seen it through thesgvattions. This argument suggests
that the small end of the distribution 6f is relatively well constrained. On the other extreme, the
measure of largg is complicated by the faintness of the afterglow emissiolatat times and by
the possible contribution of the host galaxy and SN compbriEmerefore the large values end of
thet; distribution (i.e. corresponding to larg®) might be still only partly explored. The answer
to this question can be achieved through population stunfi€3RBs (Ghirlanda et al. 2013) or
through direct modeling of thig distribution accounting for the above mentioned selectiases
(Ghirlanda et al. 2015).

The possible selection biases acting on the distributiofj afso affect theEpeak— Ey correla-
tion: the possible lack of relatively largg would impact on the right hand side of the correlation
which might have a larger scatter than measured. Anothee ssuld be related to the parent corre-
lation Epeak— Eiso (involving the isotropic equivalent energy) from which Bgax— Ey correlation
is derived. It has been proposed that Bgak— Eiso correlation is missing dim GRBs because
they lie below the detection threshold of current GRB detesct These events should populate
the low Ejso — intermediateEpeak Space (Band & Preece 2005; Nakar & Piran 2005; Shahmoradi
& Nemiroff 2011; Collazzi et al. 2012; Kocevski 2012). Moxeo, a possible selection bias re-
lated to the measure afacting on theEpeak— Eiso correlation has been claimed (Heussaff, Atteia,
Zolnierowski, 2013).

Salvaterra et al. (2012) built a flux limited sample of 58 eidetected by the Burst Alert
Telescope (BAT) on board thewift satellite (called BAT6). The sample is selected for having a
relatively large peak flux (integrated in the 15-150 keV ggaange)P > 2.6 ph cnt? s, This
sample, after selection, results 95% complete in redshiferefore, the BAT6 sample is suited to
study the intrinsic properties of GRBs independently frastiumental selection biases (due to the
high—flux selection which is six times larger than the ave@giftthreshold) and from the measure
of z. The BAT6 sample has been used to characterize the GRB Igityirfanction and redshift
distribution (Salvaterra et al. 2012); to study the X—raggarties (D’Avanzo et al. 2012; Campana
et al. 2012) and optical characteristics (Melandri et all20ovino et al. 2012) of GRBs. Nava
et al. (2012) probe thEpeak— Eiso correlation with the BAT6 sample showing that the correlati
is statistically significant and has a similar slope (anghdly different normalization) with respect
to that defined by the larger (incomplete and heterogenesausple of GRBs wittz detected also
by other instruments (or bgwift but not included in the BAT6 selection). This result is futh
supported by numerical population studies based on the BaNtple (Ghirlanda et al. 2012a).

t, is typically measured between few tens of seconds and lhtaéerigger. An extension to
the lowest values df,<10 s is possible by including (Ghirlanda et al. 2012) GRBscled by the
Large Area Telescope (LAT) on boaFérmi. These few events, indeed, have been observed early
on during the prompt phase and show a high energy (GeV) tailniésion which lasts much longer
than the softer emission component detected in the MeV rafige most common interpretation
of this high energy emission is that it is produced at the &drexternal shock (i.e. it is afterglow
- see e.g. Nava et al. 2014). In this case the peak observée iB&V light curve can be used
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to estimate the largesty (being thesdé=ermi bursts those with the earliegt measured). These
events show that the distribution Bf can extend to very large values (up to 1000). However,
the detection of such earty is limited, despite the efforts and relevant advances Wrbby the
network of small robotic telescopes which can follow up tpeaal afterglow since the early phases
(i.e. a few minutes after the trigger). This suggests thatpitesent distribution dfy could miss
extremely large values. On the other extreme there seengsro btrong bias against the detection
of late timet,. Indeed, the robotic telescopes can follow the opticalglitev up to days after the
trigger and after 0.5 days the follow up by larger facilitefgen comes in. In general, if the optical
peak is not detected within few hours after the trigger itsdnet comes up later. This suggests
thatty, is typically localized within a few hours (at most) since thest trigger. It has been argued
(Hascoet et al. 2014) that the current sample of GRBs withsomeal g is biased (missing early
corresponding to largEg) and that thd.jso-I'o correlation is biased since it misses large values of
g at almost all luminosities.

We consider the BAT6 sample (taking advantage of its higkllef completeness in redshift
and unbiased selection in flux): Ghirlanda et al. (2015) fitRI&SRBs of the BAT6 with measured
t, and 25 events with an upper limit. The latter are bursts whike been followed in the optical
within a few hours since the burst trigger and show a decagistical light curve. The earliest
optical observation is assumed as an upper limitponin Fig. 2 the correlation between the
bulk Lorentz factor g and the isotropic luminositys, is shown for the 13 GRBs of the BAT6
sample with measurey. The upper limits ort, gives lower limits onlo. However, in order to
test the reliability of this correlation and whether thenads uniformly filled with points above
the detection (circles) and the lower limits due to our latidn in measuring earlt, we need to
set also an upper limit ofg. One possibility comes from the theory: the afterglow dexlon
happens once the outflow has transferred its kinetic enertiyetblast wave. This is possible only
after the main emission episode, where most of the prompésgoni is localized. Therefore, it is
plausible to assume that the peak of the afterglow shoulgdragfter the main emission episode of
the prompt. Setting,> t, , (Wheret, , is the time of the peak of the promptray emission) we can
derive an upper limit ofii o. These are represented in Fig. 2 and are connected for thelsasts
with the corresponding upper limits. Noteworthy, the uglperer limits define intervals which
follow the same correlation of the measurements. This ig#atde that the correlation between
Mo and the luminosity is real and not induced by selection &dfea the estimate d@f. Through a
statistical analysis which considers also the upper/ldingts on 'y we find that the correlation is
significative at> 30 and that its slope should be 0-:80.02.
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