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We estimate the bulk Lorentz factor I'y of 31 GRBs using the measured peak time of their after-
glow light curves and considering a homogeneous circumburst medium or a wind density profile.
The values of I'¢ are distributed between few tens and several hundreds with average values ~138
and ~66 for the homogeneous and wind density profile, respectively. The isotropic energy and
luminosity correlate in a similar way with Iy, i.e. Ejoo<I'o? and Lis,<I'g?, while the peak energy
E,<Ig. These correlations are less scattered in the wind density profile than in the homogeneous
case. We then study the energetics, luminosities and spectral properties of our bursts in their co-

/

moving frame. The distribution of L;

is very narrow with a dispersion of less than a decade in
the wind case, clustering around L{  ~ 5 X 10*8 erg s~!. Peak photon energies cluster around EE’,N
6 keV. The newly found correlations involving I'y allow us to interpret the £}, — Ejy, and E}, — Ligo
correlations as due to the different I'y factors and the collimation—corrected correlation, E, — Ey
(obtained by correcting the isotropic quantities for the jet opening angle 6;), can be explained if
6j2F0 = constant. Assuming the Ej, — Ey correlation as valid, we find a typical value of 6, o~

6-20, in agreement with the predictions of magnetically accelerated jet models.
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Figure 1: Top panels: Isotropic equivalent energy Ejy, (open circles) and luminosity Lig, (filled squares) as
a function of I'g, computed for the 30 long GRBs in our sample in the Homogeneous ISM case (left panel)
and for a wind density ISM (right panel). The solid (dashed) line in both panels show the least square fit
with a power law to the Eis—Io (Lijso—I9) correlation to the sample of 27 GRBs with peak in the optical
light curve (open red circles and filled green squares). The three GRBs with peak in the GeV light curve are
shown with the grey symbols but are not included in the fits shown here. The short GRB 090510 with both a
peak in the GeV and a delayed peak in the optical is shown by star symbols connected by the dashed (gray)
line. The larger value of Iy for 090510 is that derived from the peak in the GeV light curve. Bottom panels:
Peak energy E,, for the H case (left panel) and W case (right panel) as a function of I'y.The solid line is the

best fit correlation.

1. Eis, Liso and E;, correlations with Iy

Among the 132 (up to May 2011) GRBs with measured Ec,x and known redshift we searched
for those events with a peak of the afterglow light curve #, ,: 27 GRBs have a peak in their optical
light curve and 4 have a peak in their GeV light curve as observed by Fermi/LAT [6]. For these
31 GRBs we estimated [5] the initial bulk Lorentz factor I'y considering two possible scenarios: a
uniform interstellar medium density profile (n =const, H) or a wind density profile (n o< r=2, W).

We have derived the peak energy El;eak, the isotropic energy E/  and the isotropic peak lumi-
nosity Li  in the comoving frame. For the wind case the I'p-distribution has a typical value (I'g) ~
66, whereas in the H case (I'p) ~ 138. The distribution of E{Jeak is relatively narrow and centered
around ~6 keV or ~ 3 keV for the W and H case. The distribution of L{  clusters, especially for
the wind case, in a very narrow range (much less than a decade), around 5 x 10*® erg s~!, while the
distribution of E/_ is broader and centered at 3 x 107! erg.

We found that the GRB rest frame energetics Ejs, and Lis, correlate similarly (Fig. 1 — top
panels) with Ty (i.e. «<I"y>%) and these correlations are less scattered (¢ = 0.07) for the wind case
(Fig. 1 — top right panel). There is also a linear correlation between E;, and I'y (Fig. 1 — bottom

panels).

2. Comoving frame correlations and interpretations of the £, — Ei,, E, — Lis, and
E, — Ey correlations

In Fig. 2 we show the E, — Ej, correlation (left panel) and the E, — Ly, correlation (right
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Figure 2: Wind density profile. Left: £}, — Ej;, correlation in the rest frame (crosses and red circles) for 132
GRBs with z and fitted E}, updated to May 2011. Right: Ej, — Lis, correlation with 131 GRBs. In both panels
the best fit correlation is shown by the dashed line and its 1, 2, 3¢ scatter is shown by the shaded region.
The comoving frame E}’, and E/ | (left) and EI’, and L{  (right) of 30 GRBs (red open circles [left panel] and
green open circles [right panel]) in our sample with an estimate of the I'y factor are shown with the filled
cyan square symbols (27 events with #, , in the optical light curve) or grey filled square (the three long GRBs
with a peak in the GeV light curve). The short GRB 090510 is also shown with a star symbol and the low

Iuminosity GRB 060218 (with I'y~5 [Ghisellini et al. 2006]) is shown with an open circle.

panel) where we correct the rest frame Ej, and Ejg, or Lis, for I'g. We find that there is a considerable
clustering of the bursts with measured I'y in the E, — Lis, plane. The second column of the Tab. 1
reports some immediate implications of our results (see [4] for a complete discussion).

. !/
Since Epeak

acteristic frequency in their comoving frame, irrespective of their bulk Lorentz factor. This finding

o< Epeakl o is contained in a narrow range, all bursts emit their radiation at a char-

is supported by recent results on photospheric GRB emission [7].

If we assume that Epeq o<I'g (bottom panels of Fig. 1) together with the quadratic dependence
on I'g of Ejs, and Lis, (top panels of Fig. 1) we find the “Amati" [1] and the “Yonetoku" [11]
relations. They are a sequence of I'o—factors.

If all bursts had the same jet opening angle, then Lg, = szLi’SO and the (logarithmic) width of the
Li’so distribution would be the same of the (more fundamental) Lg, distribution. On the other hand,
we have some hints that very energetic and luminous GRBs tend to have narrower opening angles
(e.g. [2]). It is this property that makes the collimation corrected E, and L, quantities to correlate
with Epeqi in a different way (i.e. different slope) than in the Amati and Yonetoku relation.

We are then led to propose the following ansatz: the opening angle of the jet inversely corre-
lates with the bulk Lorentz factor 6; o< Iy~ “. There are too few GRBs in our sample with measured
6; and I'y to find a reasonable value for the exponent a, but it is nevertheless instructive to explore
the case a = 1/2, leading to 6j2F0: constant. If we assume this relation we find, for the collimation
corrected Ey = szEiSO oc Iy o< Epeax This is the linear E}, — E, correlation in the wind case [9].

In our sample, only for 4 bursts we can estimate the jet opening angle from the measure of the
jet break time of the optical light curve. Their small number does not make possible to directly test
the existence of a relation between I'y and 6;. We have recently preformed Monte Carlo simulations
[5] (see also Ghisellini et al. this conference) where we tested if there exists a relation between
I'p and 6, or not. We found [5] that the distributions of Iy and 6, should have characteristic
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E peak

~const  Epegg o<’

Ejgo o< 2 Ejso o< Epzmk Ey = szEiso oc[Mec Epeak
Ligo o< Fz Ligo o< EI%eak Ly = e_izLiso o< IMoc Epeak
Tyo not f(I) Typo< I E}, ~ const

L ~ const El JLi o< Tgyo<T Lg, ~ E)’,/T(,/0 ~1/T

Table 1: Schematic summary of our results and their implications for the case of a wind density profile.

values and there should be a relation similar to the ansatz that we made above between these two
parameters in order to reproduce samples of GRBs observed by different satellites. In the case of
an homogeneous density profile the typical 6, ~ 0.1 radiants [3] while in the case of a wind density
profile 6; ~ 0.07 radiants. Combining these values with the average values of I’y estimated in our
work we find 6;'g~ 14 (5) for the H (W) case. These values are in good agreement with the results
of recent simulations of (i) a magnetized jet confined by the stellar material that freely expands
when it breaks out the star [8] or (ii) a magnetized unconfined split-monopole jet [10].
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