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Abstract

We present a sample composed of the 41 faintest X-ray afterglows of the population of long gamma-ray bursts
(lGRBs) with known redshift. We study their intrinsic properties(spectral index, decay index, distance, luminosity,
isotropic radiated energy, and peak energy) and their luminosity distribution functions to assess whether they
belong to the same population as the brighter afterglow events. We� nd that these events belong to a population of
nearby ones, different from the general population of lGRBs. In addition, these events are faint during their prompt
phase, and include the few possible outliers of the Amati relation.
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1. Introduction

Gamma-ray bursts(GRBs) are the most luminous events in
the universe, with observed isotropic luminosities ranging from
1049 to 1052 erg s� 1 (for reviews, see Mészáros2006; Kumar &
Zhang2015; Pe’er 2015). GRBs display two phases sequen-
tially: � rst, the prompt emission followed by the afterglow
phase (Rees & Mészáros1992; Mészáros & Rees1997;
Panaitescu et al.1998), each of which is observable at many
wavelengths(e.g., Costa et al.1997; Frail et al. 1997; Van
Paradijs et al.1997). In X-rays, their light curve can be
described as a steep-� at-steep broken power law(Nousek
et al. 2006), whose � rst part (the steep decay) has been
associated with the prompt phase(Barthelmy et al.2005;
Tagliaferri et al.2005; Zhang et al.2006; Willingale et al.
2007), through high latitude emission. Observations obtained
prior to the steep decay, such as from rapid followups or long-
duration bursts, provide insight to the line-of-sight prompt
emission. The portion of their light curves following the steep
decay is thought to be due to the dynamics of the interaction
of the jet with the surrounding medium(Panaitescu &
Kumar 2000).

It has been realized that at least two distinct populations of
GRBs exist. A discovery based on their durations(T90, the
duration during which 90% of the prompt phase energy is
emitted, Mazets et al.1981; Dezalay et al.1992; Kouveliotou
et al.1993), where long bursts(hereafter lGRBs) are associated
with a duration larger than 2 s, and short ones(hereafter sGRB)
are associated with a duration as short as few milliseconds.
Theoretically, it is proposed that long and short GRBs have a
different progenitor: the collapse of a very massive star for
lGRBs (Woosley 1993) and a compact binary merger for
sGRBs(Eichler et al.1989).

Based on the proposed massive star–lGRB link and the
discovery of their afterglow counterpart, studies to standardize
the latter phenomena rapidly followed. The� rst attempt was by
Boër & Gendre(2000), in X-rays, which was followed by
numerous optical studies(Kann et al.2006; Liang & Zhang
2006; Nardini et al. 2006) and several attempts seeking a

standardization of the prompt phase(e.g., Amati et al.2002;
Ghisellini et al. 2009; Ghisellini 2012). These studies led
Gendre & Boër(2005) to de� ne three classes of lGRBs using
their afterglow properties; namely, from bright to dim events:
groups I, II, and III. Groups I and II were studied in detail by
Gendre et al.(2008), while at that time group III was
overlooked due to the small number of events.

We have taken advantage of an increased number of lGRBs,
observed bySwiftbefore the end of 2016 to complete a study of
group III events and report their results in this paper.

The paper is organized as follows. In Section2, we de� ne
our sample of low-luminosity afterglow events. In Section3,
we present all the properties of this sample, including their
redshift distribution. In Section4, we then discuss the possible
biases and selection effects due to the intrinsic GRB luminosity
function distribution, altogether with the possible origin of
group III lGRBs. Our conclusions are presented in Section5.
Throughout the remainder of this paper, errors are quoted at the
90% con� dence level, and we use a standard� at � CDM model
with � 8 � �0.3m and �� � � � �H 72 km s Mpc0

1 1, as well as the
notation that �O�r �B �C� � � �F t .

2. De� nition of the Sample of Low-luminosity
Afterglow Events

We extended the group III sample de� ned in Gendre et al.
(2008) thanks toSwift observations(Gehrels et al.2004). To
avoid biases in our results from changes in the detecting
instrument, only those sources detected bySwift were used in
this study. From among theSwiftdatabase, we then selected all
bursts observed before 2017 January 1, with measured redshifts,
whose values were compiled from the list of J. Greiner.8 This led
to a� rst sample of 371 sources observed at X-ray wavelengths,
including short and long GRBs. As we are only interested in the
latter, sGRBs were excluded, leaving 326 lGRBs in the global
sample. Our data analysis techniques are explained in the
Appendix.
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Initially, the de� nition of a group III event was a burst with
an X-ray � ux lower than 1�× �10� 13 erg cm� 2 s� 1

(2.0–10.0 keV) one day after the burst(Gendre et al.2008).
To take into account events with no data one day post-event,
we extended that de� nition with two template afterglows. For
these templates, we assumed decay indices of 1.2 and 1.4,
which correspond to those expected in the case of a wind
medium and a constant-density circumburst medium(also
referred to as ISM), when �_p 2.3 (p being the power-law
index of the distribution of the energy of the accelerated
electrons), respectively. All bursts characterized by afterglow
light curves entirely below these two templates were
considered as members of our group III sample, and the
remaining ones were used as a control. These results are
displayed in Figure1.

The � nal sample includes 41 events, listed in Table1,
representing about 12.5% of all lGRBs considered here.
Table 1 displays the GRB name; redshift; galactic and host
NH; galactic and hostAV; the afterglow temporal and spectral
indices; the isotropic and peak energies; and theT90 duration.
For those afterglows displaying a break after the plateau phase
(GRB 060614 and GRB 120729A), the decay index is
indicated pre-break.

We note that GRB 060505 and GRB 060614 have been
proposed by some authors to be sGRBs(e.g., Kann et al.2011,
and references therein). As such a classi� cation of these bursts
has yet to reach a unanimous consensus and they passed our
criteria, they were included in our sample(though see
Section4). However, for completeness, statistical calculations
were completed with and without these two events, and we
report that the outcomes between these approaches were
negligible. As such, all results reported below include these two
events.

3. Statistical Properties

3.1. The Redshift Distribution

The redshift distribution of our sample is shown in Figure2,
together with the distribution of the control lGRBs. An
examination of Figure2 shows that the group III events appear
more nearby than normal lGRBs(the redshift distribution of

these last ones peaks aroundz= 2.2, e.g., Jakobsson et al.
2006; Coward et al.2013). The common statistical parameters
(i.e., mean, median, and standard deviation) of these two
distributions are presented in Table2. We also tested the
probability that these two distributions are based on the same
population via a Kolomogorov–Smirnov test, whose result
( � � � q��p 1.69 10 15) rejects such a hypothesis.

To account for the fact that selection effects plague group III
GRBs (see Section4), as their faintness compared to normal
lGRBs implies a detection biases at large distances, we used the
faintest group III GRB afterglows in our sample as a means to
estimate that their detection could occur up to a distance of
z= 1. We stress that this is only an afterglow detection
threshold for our sample, and no link is assumed between this
limit and the ability to detect their prompt emission. We
estimated this limit by increasing the redshift of our faintest
event to the limit where its resulting� ux was comparable to the
usual sensitivity limit observed in the XRT instrument.
Because normal lGRBs are very bright, they can easily be
detected when located at��z 1. Consequently, we consider that
when restricted to events with��z 1, both samples can be
considered as complete, thus removing the detection bias. We
have recomputed the cumulative redshift distributions for this
subsample(see Figure3), and performed again a Kolmogorov-
Smirnov test. It is very unlikely that the two distributions are
drawn from the same population( � � � q��p 8.1 10 3).

3.2. Prompt Phase

We investigated the prompt properties of our sample. For
this analysis, whenever possible we usedFermi GBM, Konus-
Wind or BeppoSAXdata, either from previously published
results or by performing our analysis. It is noted that we
avoided BAT data in this work, given that its bandwidth is not
large enough to derive spectral parameters with a reasonable
degree of accuracy. About half of our events had a� rm
measurement of the prompt parameters. For the remaining
events, only upper or lower limits were obtained. We measured
the intrinsic peak energy values(Ep i, ) by correcting ourEp
results for cosmological effects. These values cluster broadly
within the 40–200 keV range.

Figure 1. Light curves of all sources, corrected for distance effects(see the text) and rescaled at a common redshiftz= 1. The group III events are shown with blue
diamonds and the control sample is shown with red dots.
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