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A statistical analysis has been done by Schmidt (2009) [1fhenGRB prompt emission data
of the GUSBAD catalog (Schmidt 2004 [2]), where a collectmnsources from the BATSE
detector were selected. In this analysis is assumed thatsGRE described by five different
Gaussian luminosity functions, which correspond to fivectaé classes obtained from the four
channels of the BATSE detector. A GRB sample with redshiftrfiSwift is used to calibrate the
luminosity function. It is also used the Euclidean value/gWmay as a cosmological distance
indicator, since GUSBAD sources do not have measured iedghcorrelationV /Vimay vs Eglt(’,
and therLiso VS Epy, is obtained. It is also found the Malmquist bias for GRBdwidwer energy,
because they are not detected for large redshifts. In tlestétl model, GRB prompt emission is
formed by two phases each one due to a particular physice¢psothe P-GRB and the extended
afterglow peak (Ruffini et al. 2009 [3]). The first one is prodd at the fireshell transparency,
the second by the subsequent interaction between the Ihptita fireshell and the circumburst
medium (CBM). We therefore repeated the same statisticalysis of Schmidt (2009) [1], but
with two main differences; in the first, we used a “sanitiz&lJSBAD sample, excluding GRBs
whose prompt emission is dominated by the P-GRB emissiathjrathe second, the GRB rate
density obtained by Wanderman & Piran (2010) [4] is usedgas of that obtained by Schmidt
(2009).
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1. Introduction

BATSE was a detector that operated between 1991 and 2000awd thee Compton Gamma-
Ray Observatory (CGRO) satellite ([5], [6] and [7]), whiclggered 2704 GRBs (BATSE catalog
[8]). Due to this rich amount of data, and in spite of the ladkany redshift measurement for
GRBs before the 28 of February 1997 [9], Schmidt used them to build a sample oB§Ralled
by him the GUSBAD catalog [2], with 2207 GRBs, and to perfofrhd detailed statistical analysis
over this sample. His goal was to test the us& p¥ax as a distance estimator, to estimate the
effect of Malmquist bias, and to obtain an Amati-like regati[10] betweerEpk — Liso. Schmidt
in his paper [1] used a reduced version of the GUSBAD catdlegpok out the GRBs with peak
photon flux F[fkh) less than the limiting flux aBim = 0.5phcn2s™1, to be sure to have a complete
subsample not affected by selection effects. This redueesion of the GUSBAD catalog contains
1319 GRBs.

Within the Fireshell model [3] it is defined a “canonical” GRBlometric light curve, formed
by two physically distinct components: 1) the Proper-GRB3ZRB), which is the flash emitted
when the ultrarelativistically expandirgf e -baryon plasma originating the GRB reaches trans-
parency; and 2) the extended afterglow, which is the pradngmission due to the interaction of
the accelerated baryons, which constituted the fireshglblbdoading and have been left over after
transparency, with the CircumBurst Medium (CBM) and whiomprises a rising part, a peak and
a decaying phase [11]. What is usually called “prompt eroissis actually formed by both the
P-GRB and the rising part and the peak of the extended afterglhile what is usually called
“afterglow” is the decaying phase of the extended aftergldhe ratio between the total energies
emitted in the P-GRB and in the extended afterglow is rulethkyplasma baryon loading param-
eterB = Mgc?/Eor, WhereMg is the mass of the baryons aRgy is the total initial energy of the
plasma. IfB < 10~° the P-GRB is energetically dominant over the afterglow, @echave a “gen-
uine” short GRB. IfB > 3.0 x 10~ [12] the extended afterglow is energetically dominant dlier
P-GRB and, depending on the CBM average dengjiy,, we can have a “standard” long duration
GRB (forncgm ~ 1 particle/cni), where the P-GRB is at most a small precursor of the mainteven
or a “disguised” short GRB (foncgm ~ 102 particles/crd, a density typical of a galactic halo
environment). In particular, this last case is charaatefriby an extended afterglow peak which
is “deflated” by the low CBM density and has therefore a lowegipluminosity than the P-GRB
in spite of having an higher total energy. ([13]; [14]; [1512]). For 10° < B < 3.0 x 10~ the
picture depends on the value Bf;.

Following this interpretation, the GUSBAD sample, evenrémduced one, contains sources of
all three above mentioned kinds: “genuine” short, “disgdisshort and “standard” long duration
GRBs. ltis therefore not an homogeneous sample. Moredweagrtalysis done by Schmidt implies
extracting the properties of each event at the moment wheadhes its peak flux. For “genuine”
short and “disguised” short GRBs this happens during theRB-@hase, while for “standard” long
duration GRBs it happens at the peak of the extended after@mce the P-GRB and the extended
afterglow are due to completely different physical proessghey cannot be analyzed together. We
want therefore to repeat the Schmidt analysis on a “saditigdJSBAD sample, where we tried to
eliminate all the P-GRBs building an homogeneous samplev@fite dominated by the extended
afterglow phase. This reduced the number of events of thelsainom 1319 to 888.
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2. Obtaining GUSBAD “sanitized”, spectral cIassesELﬁ and <V /Vimax >

We obtained the GUSBAD “sanitized” sample from the reducexsion of GUSBAD (1319
GRBs), where we took out the sources whose peak luminosityreached during the P-GRB
phase; in this case we want to study only the GRBs whose peadsfluas located in the extended
afterglow, instead of the P-GRB [3]. Thus we excluded thecssiwith at least one of the following
two characteristics: 1) with duration smaller than 2 sesooid2) with duration greater than 10
seconds and peak flux occurring in the first two seconds. Witselection we were left 888 GRBs.
We want to know how much the Schmidt results are modified usuah “sanitized” GUSBAD
sample.

We now apply on the “sanitized” sample procedure of SchniifdtTo distribute the 888 GRBs
in five spectral classes, we used the Band function [17] aegéak photon flux of each spectral
channel. Each spectral channel of DISCLA BATSE detectortiagollowing energy range:ch:
20— 50 keV, Zh: 50— 100 keV, Zh: 100— 300 keV, £h: > 300 keV. For the upper limit of the
fourth channel, we used the indication of Kaneko et al. [fiB§ Schmidt [1], which is 600 keV.
We transformed the four spectral channels (ch) in five spectasses (sp), ash+ 2ch = 1sp,
3ch=2sp+ 3sp+4spand £h=5sp. The representative peak spectral en&@/of each spectral
class are obtained by geometric means or statistical weigthie E[’)ﬁ of the spectral channels. It
is important to emphasize thﬁgﬁ is representative and not observed, because is inferradtfre
observation. Schmidt computed thigVimax Of each GRB, then the: V /Vinax > of each spectral
class is straightforwardly obtained. We can see in the taltkes distribution of the GRBs in each
spectral class, and the values obtaineet 8 /Vimax > and E:)ﬁ

Peak Spectral Energies ardV /Vimax > of the Spectral Classes

sp ch Ngb Ejp(keV) <V /Vmax> logio(le) Ef(keV) Ry

1 12 153 66 (152+0024  49.03 82 96.7
2 3 114 117 0407+£0027 50.18 206 0.37
3 3 154 178 (B12+o0022  51.47 500 0.0015
4 3 145 247 (®95+0023 51.68 725 0.0006

5 4 322 420 (B32+o0017 51.29 1199 0.005

Table 1: New composition of the spectral classes (sp), in which shbesiumber of GRBsNgn) where
each representative peak spectral eneE@f’g)(is located L. is the center luminosity (dimensia@ig/s), Eg‘
break spectral energy in rest frame d@igthe GRB rate density a= 0 (dimensiorGpc 3yr—1).

3. Luminosity Function and Source Count

We used the luminosity function (LF) obtained by Schmidt L, sp,z) = ®o(L,spGR?(2),
where GRR(2) = GR®(2) /(1 + z) is the intrinsic GRB rate density, ar@R°®(z) represents the
observed one in which many distant sources are missing dtieitoweak luminosity. Schmidt
(2009) assumed five Gaussian shapes (to redshift constemp@ative to the five spectral classes.
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Figure 1: The figure A shows some observed GRB rate densities used lijettaeure. The figure B shows
the distribution of the peak photon flux, where the dots asfEWIFT data and the lines are the prediction
of Eqg. (3.2).

The real LF inz= 0 is given as

2
®o(L,sp) = %exp{—% [Iog <ﬁ> /mogL} }, (3.1)
og C

whereL is the peak luminositys pthe spectral parametd®y(sp) the GRB rate density at= 0 and
OjogL the dispersion (or standard deviation) around the centak peninosityL¢(sp). The peak
flux distribution (source count) is given by the integral lné L_F, as

LFsp GROY(Z) dViom(Z)

177z  dz 9 (3.2)

0 z(
N(F > FRim,sp) :/o dJO(L,sp)dL/o

whereVeom(2) is the comoving volume. The upper linkfL, F,sp) is obtained from the follow

constraint LK( )
ZS
F(Z) L) = ) 2
4mt[Dy (2)]

wherek(z sp) is the k-correction [1] an®, (z) the luminosity distance.

(3.3)

4. GRB rate

In our approach we use the observed GRB rate density nomwdaditz — O obtained by Wan-
derman & Piran (2010) [4], as

(1+2)%% ifz <z

. ; (4.1)
cx(1+27 ifz >z

GRYV(2) = {
wherez. = 3.1 andc, = 13955. The figure 1A shows the comparison among the GRB ratetglensi
of: Star Formation History (SFH), Models A and B of Schmidd@2) [1] and Wanderman & Piran
(2010) [4].
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5. Calibration of the source count

To obtain the source count in function Bfk, z and L, before we need to calibrate three
parameters of the last sectiont" center peak luminosity, E;” break spectral energy in rest
frame and Ry” GRB rate density at = 0; and the parameterization is by trial and error. We made
the iteration (showed in the figures 2A and 2B).efandE to obtain in each steg V /Vimax > and
< ESE >, respectively; and this procedure was made until reacktkig'Vimax > and E;ﬁ obtained
from the “sanitized” sample of GUSBAD (table 1).
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Figure 2: The figures show the iterations bf (figure A) andEg* (figure B), obtaining in each step the
predicted< V /Vimax> and< ES >, respectively.

6. Conclusions

The goal in this work was to apply the statistical approac8afimdt (2009) to a GRB sample
without contamination by the P-GRBs. We have also used ardiit GRB rate density from the
one used by Schmidt (2009), namely that obtained by Wande&nRiran (2010). We can see
the effect of this choice in the statistics, looking at theufes 1B and 3A, where a reasonable
agreement with the observation data is obtained. The nettigto obtain an Amati-like relation
[10], between the isotropic luminosity and peak spectratgyin the rest frame.
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Figure 3: Source count in function of the redshift (figure A) and lunsity (figure B). The curves are the
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