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Fermi satellite

Multi-agency space observatory

8 keV - 300 GeV

GBM - GLAST Burst Monitor LAT - Large Area Telescope
14 scintillation detectors: Pair-conversion detector :

12 Nal (8 - 1000 keV) 100 MeV - 300 GeV |

2 BGO (150 keV - 30 MeV) Large field of view (>2 steradians)

Variable resolution (...obvious...)
~ 20 GRBs observed



GRB 080916C

v Most energetic GRB to date

E'so

interval

v z=4.35 (GROND)
v Delayed onset of H.E.

15

Counts/in
8
o

8.8 x 10°* ergs

v T90 = 66 s (8-300 keV)

v H.E. emission (> 100 MeV)
observed in the first 100 s

v 13.7 GeV photon in d

L GEM Hal, + Nal,

LGB BGO, . '
[ (260 keVes Mev) ] |

~4 s

Time since trigger (s

L LaT I
[ (no selection) ol

- GBM BGO,

[ (260 keV=5 MeV)

Counts/sec

NkkreAF3Eas r sk e J—— L — —— —5 10

Time since trigger (s)

) i E
3 | EE
|-
ol L0 I" “‘] 1M aina | HJ]H“IH: 1o
==l BRaEE R 35—LAT : : | 15 T | 1s
L ! B E (=1 GeV) P i g 1 i ; ]
| o | I‘E 2f P ' 13 05 i H| H 4
3 [ [ I e L | L ]
[ (no se on | I 1 I & 1r i i | ] 5 10 B 2
q lection) i i i i ns . |_ “ | “ ”ﬂ,m ” |H | Time since trigger (s) :n
NI s e B
I | i
i

(Abdo et al.

Science 2009)



GRB 080916C

v Spectrum fitted by a single
Band spectral model
v Epi =2.24 = 0.92 MeV

v LAT emission fitted by a
power-law model :

y=-2.14 + 0.087
. E _=2.24 x 10°* ergs

LAT
v Strong spectral variation
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GRB 0909028

. E_= 3.57 x 10 ergs P

v T90 = 21.9 s

v H.E. emission (> 100 MeV) Z .;L,,g:g,,,:,,,:,,,:,lli
observed beyond 1 ks r“'i.mfm i et 7

v Highest photonobserved for 3 Ry I “ —'_J L'— i ;
a GRB : 33.4 GeV after 82 s ; ¥
v z=1.822 (Gemini-North) mwa n
v Delayed onset of H.LE. ~7 s '
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GRB 090902B

Mal O
Mal 1
Mal 2

» Spectrum fitted by a Band Nal 10
+ power-law spectral model BEO
v Extra component at low (8 - AT bagk  C
50 keV) and high (> 100 MeV)

energy

E =207 + 0.12 MeV

v Spectral variation
soft-hard-soft
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GRB emission in the fireshell scenario

< Opt thick and spherical sym plasma originated from the formation of
a black hole

« Thermal equilibrium with the engulfed baryonic matter
v Relativistic expansion until the transparency condition

v Firstflash of radiation (Proper-GRB) whose SED should be thermal

« Following observed prompt emission due to collisions of the residual
baryonic and leptonic matter shell with the CBM around the burst site
(extended afterglow)




GRBs S|mulat|ons 080916C
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’ 8-440 keV count light curve of GRB 0208028 ——v
simulation of the light curve of GRB 0208028 —+—
P-GRB of GRB 020802E ——

7

E,_ =3.63x10"ergs

dy

B=9x10*

<n> = 3.15 x 10? #/cm?
EPGRB =2.37% Edya

Bulk Lorentz I' = 1080

T = 25.3 keV

PGRB
Strong influence of the extra

a = -1.80 component at low energies

in the ext afterglow
=> the spectrum is strongly affected
...out not the P-GRB !!!




The first structure observed in both GRBs could be associated to the P-
GRB emission

!

- Band spec model
- Black-body spec model with an extra power-law component
- Modified B lack-body s pec model, used fot the ext afterglow

We expect a classical Black-body
spectrum...
... butitis not the case !!!




P hotons em-—= s-1 kel-1

Band function

Photons cm—= =1 ka1
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Phictons cm-® 51 kaV-!

BB + extra power-law

unfalded Spectrum
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BB extended edition
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nclusion |

termines the P-GRB

mission !!!

dified 58 EEE) OK !
!

*> Thermalization at the transparency must be reviewed

> Symmetries?
Inhomogeneities?
Scattering process in the interiors?



mission ... In the Fireshell.

Pion decay

i (Katz ApJ 1994)
rom pp collisions

ducing very h.e. photons > 100 MeV

Other possible process

v Synchrotron

v Inverse Compton

v Self-Synchrotron Compton



Requirements

High density of the GMC (10°'° #/cm?)

Large distance from the GRB

S
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= A GMC could “evaporate” (L_, progenitor )

mmm) Distance ~11l.y. (10 "**cm)

- B ~ 10*°® Gauss (r, 10'4'° cm)

m=m) Protons should gyrate, emitting sync rad
as ultra-rel. Leptons
Extra component observed in GRB 090902B ???

- Protons cooling time t = E/P too low...

Non-thermal distribution of protons ?



Simulation of pp collisions (SYBILL)

(detalls in the next talk by Rangel Lemos)

10° pp-collisions in the comoving frame - Ep = 3 TeV

Spectrum of total photons
produced in all of the
decay channels

(pion and n-meson)

Kelner, Aharonian, Bugayov

z) [ By 4
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1+k, 07 (1 — z)

Hillas

Fv = K exp(A x°) (less accurate)



Next steps

Obtaining the observed spectrum 1
Considering the effects of the EBL on the obs spectrum

Compute the photon spectrum in the case of an energy
distribution of protons (non-thermal



nclusion Il

r the H.E. Emission in GRBs:
rotons
high number of p in the fireshell)

ut not too much) the burst site

i

> Energy distribution of protons
(non-thermal particles?)

> Presence of synchrotron emission
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