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We present the analysis of the rest frame spectral lags otomplete samples of bright long
(50) and short (6) gamma-ray bursts (GRB) detectedSijft We find that half of the long
GRBs have a positive lag and half a lag consistent with zelisshrt GRBs have lags consistent
with zero. The distributions of the spectral lags for shad éong GRBs have different average
values. Limited by the small number of short GRBs, we canrolugle at more than 2 sigma
significance level that the two distributions of lags arendrdrom the same parent population.
If we consider the entire sample of long GRBs, we do not findlentce for a lag-luminosity
correlation, rather the lag-luminosity plane appearsditbe the left hand side, thus suggesting
that the lag-luminosity correlation could be a boundaryrBBRBs are consistent with the long
ones in the lag-luminosity plane.
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1. Introduction

The presence of a positigpectral lag(i. e. a delay in the arrival times of low-energy photons
with respect to high-energy photons) was identified by esitenstudies of long gamma-ray burst
(GRB) prompt emission observed by BATSE [1]. Besides, it basn found that this positive
spectral lag for long GRBs is anti-correlated with the biagbmetric peak luminosity [5]. Since
then, it has been considered a distinctive feature of lon@® @RMpt emission, and it has been
used as a possible tool to discriminate between long and &RBs [2], since the latter tend to
have a smaller lag (consistent with zero) with respect tg IBRBs [3, 4]. The anti-correlation has
been also explored and confirmed with different samplesegliewwith limited sizes [6, 7, 8, 9, 10].

The large increase in the redshift measurements availbhles to the advent @wift [11]
allowed Ukwatta et al. (2012 [12]) to perform the first degdilanalysis of the spectral lag for long
GRBs, adopting two selectedst frame energy bander all the considered burst. They confirmed
the existence of the correlation with a smaller scatter wtmmpared to previous analyses in the
observer-frame [10]. However, in the determination of @ng-luminosity correlation they did not
consider 44% of the GRBs of their original sample that hawecsgl lag consistent with zero or
negative. The restriction to the GRBs with a spectral laggmethan zero and the consequent
exclusion of about a half of the total sample introduces &:bgnce the physical origin of the
spectral lag and of this correlation is not well understabeére is no a priori reason to consider
lags consistent with zero or negative as spurious.

Here we review the main results of a comprehensive analysikeospectral lag for both
long and short GRBs presented in Bernardini et al. (2015)[1@hose aim is to investigate the
opportunity to use it as a distinctive feature for these tlasges of GRBs, and the role of negligible
lags of long GRBs in the lag-luminosity plane.

2. Sample selection and methodol ogy

We investigated the rest frame spectral(ag: = 7/(1+2)) for both long and short GRBs. We
make use of two complete samples of bright long (50) and $6pERBs detected bgwiftBurst
Alert Telescope (BAT, [14]) presented in Salvaterra et aD1Q [15]; BAT6) and in D’Avanzo et
al. (2014 [16]; S-BAT4) to constrain the properties of thedpal lag. Since the spectral lag is
dependent upon the energy bands chosen to compute it, wéeddoyw fixed rest-frame energy
bands (106- 150 keV and 206- 250 keV) to perform a direct comparison of the lags of the two
classes of long and short GRBs.

With the background subtracted light curves observed bgthié/BAT we computed the dis-
crete cross-correlation function (CCF) to measure the teadorrelation of the two light curves
in the two different energy bands. The CCF is modelled wittasymmetric Gaussian model to
search for its global maximum that, by definition, corregfmito the spectral lag. We choose
an asymmetric Gaussian model since it reflects the natuairastry of the CCF inherited by the
asymmetry of the GRB pulses. We accounted for the errors @mdta points through a Monte
Carlo method to estimate the uncertainty i 3].
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Figurel: Mean values of the rest frame spectral lags. The black sokds$ a gaussian fit to the distribution
for the long GRBs (gt = 19.2, 0 = 44.4,N = 11.5). Inset A: minimum rest frame spectral lag, defined as
TR = Tre — Oj rr- Inset B: maximum rest frame spectral lag, defined$& = tre+ 0y rr.

3. The spectral lag of short and long GRBs

We found that the spectral lag between the chosen rest fragrgyebands for long GRBs is
significantly (within 1o) greater than zero in most cases (50%). However an equadlg feaction
(50%) of them are consistent with zero or negative withirerr Short GRBs have in all cases
limited or no lag in the same rest frame energy bands [13].

The distribution of the spectral lags for short GRBs is pealiea smaller value than the
long GRB distribution (mean value of the distributiéns:) = (—0.61+ 3.87) ms compared to
(the) = (43.0417.8) ms, see fig. 1). However, there is no stronger thanstatistical indication
that the spectral lags of short and long GRBs are drawn fromdifferent populations: if we
perform a Kolmogorov-Smirnov (KS) test, the probabilitatithe two samples are drawn from the
same population is.4%. The time-integrated spectral lag as a tool to distirgbistween short
and long GRBs might not be as definite as thought before: tiste@xe of a large fraction of long
GRBs with a lag consistent with zero makes it challengingdssify the ambiguous GRBs.

4. Thelag-luminosity correlation for long and short GRBs

We considered all the GRBs with measured lags in our samfwag @nd short) that also
have an estimate of the bolometric isotropic luminosity to investigate the relation between the
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Figure 2: Peak luminosityLiso as a function of the rest-frame spectral lag. Black poiriaglGRBs with
positive central value of the spectral lag (23 with posileg and 9 with positive lag consistent with zero
within errors). Cyan points: long GRBs with negative centedue of the spectral lag (2 with negative lag,
marked as left arrows, and 11 with negative lag consistett zdro within errors). Red stars: short GRBs
with positive central value of the spectral lag (2 with pivgifag consistent with zero within errors). Orange
stars: short GRBs with negative central value of the speleiga(4 with negative lag consistent with zero
within errors). The black triangle corresponds to GRB 1@R1nset: lag-luminosity anti-correlation for
the 23 long GRBs with positive lag. The black dashed lineédiist fit to the data: Idbiso/(10°%ergs )] =
(0.42+0.11) 4 (—1.79+ 0.03) log[Tre /100 m$, and the blue area marks the-Io region around the best
fit.

spectral lag and the GRB luminosity, namely 45 long GRBs askidtt GRBS.

If we restrict our analysis to all long GRBs with positive spal lag (23; 51% of the sam-
ple), we find that the luminosity significantly anti-corrigla with the spectral lag (Pearson cor-
relation coefficientr = —0.68, null-hypothesis probabilitf = 3.8 x 107%). The best linear fit
to the lodLiso] — log[TrE] correlation that accounts for the statistical uncertaston both axes
yields: logLiso/ (10°%ergs )] = (0.42+0.11) + (—1.7940.03) log[1rF/100 M3 (see fig. 2, inset).
The scatter perpendicular to the correlation is modelleth wiGaussian with standard deviation
o = 0.65.

However, when we add to the lag-luminosity plane also theo2g IGRBs with lag consistent
with zero within errors, no correlation betwekg, and the spectral lag is anymore apparent (see
fig. 2). There are also two long GRBs with negative lag (GRBO2d1land GRB 080721; cyan

LFor the values of;s, and its definition we refer to [17] and [16].
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arrows in fig. 2). The lag-luminosity correlation appearsadsundary in the plane, challenging
the possible use of this relation for cosmological purposes

Short GRBs of our sample do not occupy a separate region ¢agheiminosity plane when
compared to the total sample of long GRBs (see fig. 2), becaeisieer their distribution of the
spectral lag is significantly different from the long GRB oner the luminosity distributions (KS
probability P = 38%). Therefore, the lag-luminosity correlation is quastid by these findings.
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