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The explosion of GRB 060614 produced a deep break in the GRB scenario and opened new
horizons of investigation because it can’t be traced back to any traditional scheme of classification.
In fact, it manifests peculiarities both of long bursts and of short bursts, and above all, it is the first
case of a long-duration near GRB without any bright Ib/c associated Supernova. We will show that,
in our canonical GRB scenario, this “anomalous” situation finds a natural interpretation and allows
us to discuss a possible variation in the traditional classification scheme, introducing a distinction
between “genuine” and “fake” short bursts.
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I. INTRODUCTION
GRB 060614 is a near long burst, it lasts about one
hundred seconds (T90 = (102 ± 5) s [2]), and its
redshift is z = 0.125 [3]. Despite its duration, its morphology appears sharply different from the typical one of
long bursts (1): its light curve presents a short, hard and
multi-peaked emission (about 5 s) followed by a softer,
prolonged emission [4]. This burst manifests a strong
hard-to-soft evolution in the first 400 s of data and a
standard XRT, optical and UV afterglow have been detected until 4 ks after the trigger [5].
The estimated isotropic energy of GRB 060614 at the
measured redshift is Eiso = 2.5 × 1051 erg, which is
more than the energy of a short but less than the energy
of a typical long burst. Moreover, the isotropic energy
corresponding to the first hard episode has been found
to be about one seventh of the total energy released:
Eiso,1p = 3.5 × 1050 erg. In particular, the peak
energy reaches a value of 300 keV during the initial group
of peaks, before decreasing until 8 keV during the BATXRT overlap time (about 80 s). The result is an upper
limit to the average energy just over the BAT threshold
(E ≤ 24 keV) [5].
GRB 060614 seems to contradict the sharp division
between short hard bursts and long soft bursts [6, 7],
not belonging evidently to the first to the second class.
In fact, it should be a long burst for its duration, because it’s very close to its host galaxy and because
it fulfills all the empirical relations satisfaid by long
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burst (Eprest − Eiso correlation, Egam − Eiso correlation,
Lp,iso −Eprest correlation ); also, the intermediate value of
the total energy is compatible with this class (although
it is just on the border line). On the other hand, its
host galaxy has a moderate specific star formation rate
(RHost ≈ 2Ms y −1 (L∗ )−1 [8], MvHost ≈ −15.5 [4]), and
the spectral lag in its light curves is very small or absent
[2], which are typical features of short bursts. Moreover,
the morphology of this source is very similar to the one
of many recently observed short GRBs with afterglow (in
particular GRB 050724 [9]).
GRB 060614 is the first clear example of a near,
long burst without SN emission observed. This is
a revolutionary observation because it is not consistent
with the basic assumptions of the standard scenario for
which a broad-lined and luminous core collapse supernova accompanies long GRBs [12]. It has been estimated
that, if present, the SN component should be about
80/100 times fainter than the archetypal SN 1998bw associated with GRB 980425; moreover, it would also be
much fainter than any Ic supernova not associated with
any to GRBs ever observed, with Mv ≥ −13.5 [4]. To account for this new situation, many different hypotheses
have been proposed: ruling out the chance superposition
with a galaxy at low redshift [10] and the strong dust
obscuration and extinction [8], this burst is likely associated with a type-II SN [4] or, in a different scenario,
with of the merger of a neutron star and a massive white
dwarf [11].
In this paper, we show the preliminary results obtained
by analying of GRB 060614. This is just a progress report, but we were able to find a first interpretation of
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GRB 060614 within our theoretical model.
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1. The Fireshell Model

Gamma-ray bursts (GRBs) originate from the gravitational collapse of a black hole [13–20]. This process
can induce the Heisenberg-Euler polarization of vacuum,
generating an e± plasma. It expands relativistically as
an optically thick “fireshell” and accelerates with a constant width in the laboratory frame (the frame in which
the black hole is at rest), getting the surrounding baryonic matter until the trasparency condition is reached.
At transparency, photons produced during the expansion are emitted in a bump, the proper gamma ray burst
(P-GRB). The fireshell, now optically thin, begins a decelerated expansion due to the interaction of its baryonic
matter with the circum burst medium (CBM) which it
takes place with fully inelastic collisions and gives rise to
the total multi-wavelength emission we observe. This is
the afterglow phase.
There are only two free parameters to describe completely the energetics and the dynamics of the accelertot
is the total energy of the
ated phase of the fireshell: Ee±
2
tot
plasma, and B = Mb c /Ee± represents the contribution
of the baryonic matter to the total amount of energy and
oscillates between 10−5 and 10−2 . In particular, they fix
the ratio between the total time-integrated energy of the
P-GRB and that of the afterglow, so they fully determine
the energetics of the process and the respective contribution of the two components.
We assume the hypothesis that the interaction of the
expanding fireshell with the CBM gives rise to the Afterglow emission. Then, the environment is mainly responsible for the dynamics of this phase, which is consequently defined by other two parameters: the variation of density of the CBM, nCBM , and the variation
of the ratio between the effective area of emission and
the total area of the shell in expansion, R = Aeff /Atot .
The dynamics of the phase hardly depends by the temperature of emission. These two parameters govern the
peak-energy distribution. In our hypothesis, the emission from the baryonic matter shell is isotropic, so in the
first approximation, we assume a thin spherical shell for
the distribution of CBM, and we consider just the radial
coordinate of the expansion [14].
The “canonical” GRB light curve consists of two different parts:
• a hard, spikelike component that corresponds to
the proper GRB (P-GRB).
• a strongly hard-to-soft, multi-wavelength component that corresponds to the afterglow phase. In
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Fig. 1. GRB 060614 profile: on the X-axes we have the
time from the trigger, on the Y-axes there are, in the above
graph, the count rate, and, in the below one, the hardness
ratio of the source. We can note the hadly-structured morphology both in the first spikelike emission and in the softer
tail. Reproduced from Mangano et al. [5], with the kind
permission of the Editor.

particular, the gamma-ray emission, in the literature prompt emission, is just the peak of the afterglow.
Both short and long bursts originate from the gravitational collapse to a black hole [13]. Thus, they are both
canonical bursts following the preceding scheme, but for
the short ones, the poverty of baryonic matter makes the
P-GRB dominant with respect to the afterglow, whichh
is negligible and vanishes as B → 0. Genuine short
bursts are, indeed, fully characterized by a very small
value of the baryon loading parameter, B ≤ 10−5 .
Otherwise, when 10−5 ≤ B ≤ 10−2 , the strong contribution of inelastic collisions with the baryonic matter
makes the afterglow component dominant, and the dynamics of the process produces a long duration burst.
However, recently, bursts with “an occasional softer extended emission lasting tenths of seconds after an initial
spikelike emission” [21]. It is possible that, although the
afterglow contribution is dominant, its peak luminosity
is much smaller than the one of the P-GRB. In this case,
we have “fake” short bursts, in contrast with the genuine
ones, and their existence is due to a particularly small
value of the CBM density (see the case of GRB 970228
[22]).

2. The Fit of the Observed Luminosity: Work
in Progress

In our scenario, GRB 060614 is naturally interpreted
as a canonical GRB: the first, hard, spikelike emission
is the P-GRB and the long, softer gamma-ray tail is the
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Fig. 2. The BAT 15 − 25 keV and 25 − 50 keV light curves
(blue points) are compared with the respective theoretical
curves (red lines); their onset is at the end of the P-GRB.
While for the first energy band, we have a good correspondence between the data and the theoretical results, for the
second one, the theoretical curve presents an evident excess
with respect to the observations. At the end of the curve, the
radial approximation falls (see text).

Fig. 3. The BAT 50 − 100 keV and 100 − 150 keV light
curves (blue points) are compared with the respective theoretical curves (red line); their onset is at the end of the
P-GRB. Also in this case, the first energy band presents a
good agreement between the data and the theoretical results,
while the theoretical curve of the other one shows a strong
deviation from the observations. At the end of the curve the
radial approximation falls (see text).

peak of the afterglow (see Ref. 1). We realized a detailed analysis of the observational data in the 15 - 150
keV energy band, corresponding to the gamma-ray emission (data observed from the BAT telescope on the Swift
satellite). Initially, we made separates fit for four different energy bands: 15 - 25 keV, 25 - 50 keV, 50 - 100
keV, and 100 - 150 keV (see Figs. 2 and 3). Looking
at the figures, one can see from the theoretical curves
obtained for the 25 - 50 keV and the 100 - 150 keV energy bands, an excess and a deficiency with respect to
the observational data. It’s clearly a problem of distribution of the total energy in different channels and is
probably due to the spectral models used. In fact, in our
model, we suppose thermal emission (in the comoving
frame) while the reduction of the observational data we
analyzed has been made with different assumptions, thus
with different spectral model [5]. In Fig. 4, we compact
the two energy bands, so the opposite contribution are

compared with themselves, and we succeeeded in reproducing a theoretical curve in good agreement with the
data. We reproduced the theoretical curves of the afterglow phase only, determining univocally the energy and
the baryon loading and finding the appropriate circum
burst densities, so the fit starts after the P-GRB.
Looking at the figures with our results, we can observe
that the general features agree; the very good correspondence between the observational data and our theoretical
curves seems to confirm our canonical interpretation. At
about the end of the light curve, the good agreement between the observational data and the fit seems to vanish:
this is because, as the Lorentz gamma factor decreases,
the maximum viewing angle enhances, breaking the radial approximation we use [14]. To overcome this problem, one must introduce a three-dimensional structure
of the circum burst medium to avoid an overestimated
effective area of emission. We are still working on this
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III. CONCLUSIONS
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Fig. 4. Here, the union of the light curves of two energy
bands 25 − 50 ∪ 100 − 150 keV (blue points) is compared
with the respective theoretical curve (red line). The opposite
trend of the separated light curves is now compensated, and
we find a good agreement between the observational data and
the theoretical results.

issue [23].
From our analysis, we found the values of the paramtot
= 2.94 × 1051 erg, in excellent agreement
eters: Ee±
with the observed one, and B = 2.8 × 10−3 . We also
found EP −GRB = 1.15 × 1050 erg, the time-integrated
energy of the P-GRB, once again in a good agreement
with the observed one; the Lorentz gamma factor at the
transparency is γt = 3.46 × 102 .
We collected a set of values for nCBM and R, from
wich we extracted the average values: hnCBM i =
4.45 × 10−4 part cm−3 , hnCBM iweight = 2.25 × 10−5
part cm−3 , and hRi = 1.72 × 10−8 . Evidently, the
density is small. If we consider the energies involved, we
immediately note that the total time-integrated energy
of the afterglow is larger than that that of P-GRB by
about one order of magnitude. However, the morphology
of the light curve manifests an opposite trend: a high,
hard P-GRB and a much lower afterglow emission.
This is just due to the smallness of the density of the
CBM, which produces a deflation of the afterglow with
a misleading lowering of its peak energy. Considering
the high baryon loading of this burst and its peculiar
morphology associated with the very small density of
the environment, it seems clear that GRB 060614 is
one of the above-mentioned cases of “fake” bursts, of
which GRB 970228 is a prototype [22]. This would
be consistent with the merger of a neutron star and a
massive white dwarf (or another neutron star) because
of the amount of energies involved in the process [11]
and the absence of any clear bright hypernova emission.

The peculiar source GRB 060614 finds a natural interpretation in our canonical GRB scenario: two sharply
different components in the phenomenon, the hard PGRB and the softer Afterglow. In fact, the results of our
preliminary analysis show that the theoretical curves obtained by applying our model are in good agreement with
the observational data in the 15 − 150 keV energy band.
In particular, GRB 060614 belongs to the class of
“fake” short bursts: a very low surrounding density(≈
10−3 part cm−3 ) produces a pronounced deflation of the
afterglow in contrast with the high value of the peak energy of the P-GRB. The total energy of the afterglow, integrated in time, remains larger than that of the P-GRB.
This scenario is compatible with the merger of a neutron
star and a massive white dwarf. We are still working on
this issue. Our attention is now turned to the late afterglow tail, the XRT 0.3 - 10 keV energy band, and to
the study of this source in comparisons with other GRBs
yet analyzed by our group to find eventual analogies and
new hints of investigation.
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