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Figure 2. EX,iso − Eγ,iso − Epk correlation for the sample of 52 LGRBs (black points) and 7 SGRBs (red triangles): in the common
cosmological rest-frame 0.3 − 30 keV energy band (left panel); for the extrapolated LCs (rigth panel). The orange stars correspond to
low-energetic GRBs. The black dashed line is the best-fitting function y = 1.05(x−0.7z)−1.7 and the green area marks the 2−σ region.

Figure 4. Efficiency ε = EX,iso/Eγ,iso vs Epk correlation for the
sample of 52 LGRBs (black points) and 7 SGRBs (red triangles).
The orange stars correspond to the low-energetic GRBs and the
blue square to GRB061021. The black dashed line is the best-fit
function y = −(0.66 ± 0.16)x + (0.62 ± 0.42) and the blue area
marks the 2− σ region, with σi = (0.31 ± 0.07).

GRBs (e.g. GRB060218) are thought to be mildly relativis-
tic (Waxman et al. 2007; Ghisellini et al. 2007), and in fact
they are consistently on the low efficiency tail of Fig. 4.
GRB090510, which is two orders of magnitude more efficient
than the majority of our sample, has a very high Lorentz fac-
tor (Γ ! 1000, Racusin et al. 2011; Γ ∼ 800, Ghisellini et al.
2010).

The photospheric model identifies Epk with the thermal
peak of the photospheric emission. Its value in this interpre-
tation is coupled to the main properties of the outflow, as
the luminosity and the Lorentz factor6 (Rees & Mészáros
2005; Ryde et al. 2006; Thompson et al. 2007). Since sim-
ilar properties are expected for the SGRB outflow (Nakar
2007), it is reasonable to think that thermalisation below
the photosphere occurs for those GRBs as well, and that

6 Epk ∝ Γ is expected for magnetic dissipation and photospheric
emission. On the contrary, an inverse proportionality is expected
for internal shocks (see Zhang & Mészáros 2002, Table 1).

some relation between Eγ,iso and Epk exists also in this
case (Thompson et al. 2007). Significant dissipation is re-
quired close to the photosphere of the flow to lead to the
observed spectra. The source of such a dissipation can be
internal shocks, nuclear collisions or magnetic reconnection
(Rees & Mészáros 2005). In the latter case, Giannios (2011)
showed that the peak energy is mainly determined by the
bulk Lorentz factor of the flow.

Both accreting black holes and rapidly rotating magne-
tars have been invoked for launching the jet. In the proto-
magnetar model for LGRBs (see e.g. Metzger et al. 2011,
and references therein) the highest magnetised flows give
rise to the brightest flows (see Eq. 11 in Metzger et al. 2011,
and the following discussion). The energy budget is limited
by the magnetar rotational energy (Usov 1992), which im-
plies also that less energy remains to power the following
X-ray emission. This qualitatively accounts for the anticor-
relation between ε and Epk. SGRB outflows might be highly
magnetised as in the previous scenario, and a limited en-
ergy budget is expected also in the merging of two compact
objects if these are neutron stars. Although the scaling be-
tween Eγ,iso and Epk is different in this case, the limited
energy budget implies again that the more energetic is the
prompt emission (the higher is Epk), the lower is the energy
budget left over after the main event.

The correlation does not include the energy emitted
during the flaring activity, which is present in 40% of the
GRBs of our sample. The energy content of flares is usually
∼ 3%Eγ,iso, but it can be as high as Eγ,iso for GRB0605267 ,
and is ∼ 25% of their underlying continuum energy EX,iso

(for details see M12). The inclusion of the flare energy into
EX,iso does not improve significantly the correlation scatter.
This is not surprising since SGRBs, which are the most scat-
tered population in the three-parameter correlation, have no
bright flares (Margutti et al. 2011).

After a systematic analysis of all the flare prop-
erties (Chincarini et al. 2010; Margutti et al. 2010, 2011;

7 The most extreme case is GRB050502B (Burrows et al. 2005),
with a flare whose fluence is 22.7 times larger than the fluence of
the underlying continuum, and 2.6 times the fluence observed by
BAT.


