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GRB luminosity and the spectrum within the Fireshell Model

GRB luminosity
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Ruffini et al. 2004; see also Bernardini’s talk
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The spectral energy distribution

Assumption: the radiation emitted has a thermal spectrum in
the comoving frame of the fireshell ...
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where T =
(
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4πr2∆τσR

)1/4
, with ∆τ the time interval in which

the energy ∆Eint is developed and R =
Aeff

Avis
(Ruffini et al. 2004)
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The spectral energy distribution

...but the final spectrum is non-thermal, being the convolution of
thermal spectra over the EQTS and the observational time
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Bianco & Ruffini 2005, Bernardini et al. 2005
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With the assumption of thermal spectrum it has been possible to

interpret successfully the observational properties of several low energetic

GRBs (Eiso . 1053 ergs) such as, for example, GRB 060607A

(Bernardini et al. 2009; see also Bernardini’s talk)
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... nevertheless, there are very energetic GRBs (Eiso & 1054 ergs)
for which it does not allow to correctly reproduce the observational
data, see for example GRB 080319B:
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We want to generalize the comoving

spectral energy distribution of the photons

to study high energetic GRBs
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The “modified” thermal spectrum

We propose a phenomenologically “modified” thermal spectrum
(Patricelli et al. 2010):
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Instantaneous spectra

Example: numerically simulated instantaneous spectra obtained by
assuming Etot

e± = 1054 ergs, B = 2.5 · 10−3 and ncbm = 1 part/cm3
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GRB 080319B
GRB 050904

Application of the modified thermal spectrum:

the cases of

GRB 080319B, Eiso = 1.32 × 1054 ergs (Golenetskii et al. 2008)

and GRB 050904, Eiso = 1.04 × 1054 ergs (Sugita et al. 2007)
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GRB 080319B
GRB 050904

GRB 080319B

BAT spectrum integrated over the time interval 3s ≤ tda ≤ 28s

Parameters

Etot
e± = 1.0 · 1054 ergs

B = 2.5 · 10−3

R = 3.5 · 10−10

α = −1.8

< ncbm >∼ 6 part cm−3
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GRB 080319B
GRB 050904

GRB 080319B

BAT spectrum integrated over the time interval 3s ≤ tda ≤ 13s
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Numerical simulation, α= -1.8
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GRB 080319B
GRB 050904

GRB 080319B

Phase I BAT Light Curve
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GRB 080319B
GRB 050904

GRB 050904

BAT spectrum integrated over T90

Parameters

Etot
e± = 1.0 · 1054 ergs

B = 2.5 · 10−3

R = 2 · 10−11

α = −1.8

< ncbm >∼ 10−1 # cm−3
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GRB 080319B
GRB 050904

GRB 050904

BAT Light Curve
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GRB 080319B
GRB 050904

Why for higher energetic bursts (Eiso & 1054 ergs) we need

to introduce a modified thermal spectrum, while for

lower energetic bursts (Eiso . 1053 ergs) the observational data

can be reproduced by assuming a pure thermal spectrum?
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GRB 080319B
GRB 050904

Let’s consider GRB spectra observed by two instruments covering a
different energy range...

Example:

• Instrument A:
10 - 20 keV

• Instrument B:
102 − 2 × 102 keV
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GRB 080319B
GRB 050904

GRB whose spectra have been analysed within the fireshell model: 031203 (Bernardini

et al. 2005b); 060607A (Bernardini et al. 2009); 080319B (Patricelli et al. 2010);

050904 (Patricelli et al. 2010).

GRB 031203 060607A 080319B 050904

z 0.106 3.082 0.937 6.29

Eiso (ergs) 1050 1.1 × 1053 1.34 × 1054 1.04 × 1054

Ei
peak

(keV) 158 ± 51 478+314

−69
1261 ± 65 2291+1263

−634

Eobs
peak

(keV) 144 ± 46 117+77

−17
675 ± 22 314+173

−89

Satellite INTEGRAL Swift Swift Swift

Instrument IBIS/ISGRI BAT BAT BAT

∆E (keV) 17 ÷ 500 15 ÷ 150 15 ÷ 150 15 ÷ 150
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Conclusions

• We have introduced a phenomenologically modified thermal spectrum: a
spectrum characterized by a different low energy slope with respect to the
thermal one, given by a free parameter α.

• We have tested this spectrum by comparing the numerical simulations with the
observational data of two highly energetic bursts (Eiso & 1054 ergs): GRB
080319B and GRB 050904

• We have shown that the observational properties of these bursts can be
correctly reproduced by assuming a modified thermal spectrum with α = −1.8

• We have proposed the possible reason why the observational data of lower
energetic GRBs can be interpreted by assuming a pure comoving thermal
spectrum, while for higher energetic GRBs the modified thermal spectrum is
needed.

Future Developments

• Extension of the analysis to a larger sample of GRBs, also with data by different
satellites (for example MIRAX)
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