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GRB from a jet formed during a collapse

of a massive star into a black hole.
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Internal/external shock model

GRB FIREBALL MODEL"

After glﬂw
Burst :

Pre- Burat

E ~1051-1054 ergs
Shoc
: ” f’;Farmatiﬂn

LOCAL MEDIUM

—t- b Py




ISM/CSM

massive

: shell
rogenitor : " -
ke instability V.V o

magnetic

S

i thermal
i precursor?

shell H& Afterglow
w contact
discontinuity
e *-0-R emission
EE \\) \




Energy spectra

"Band” (or "GRB") function:
dN/dE ~ E ¢ exp(-E/E,) E<(a-B)E,
dN/dE ~ E P E>(a-p)E,
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Spectral evolution
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High energy emission
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é GRB 990123: prompt optical emission
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Spectral properties

Broad distribution of low energy spectral indices
with peak at photon index o # -1, and the
hardest spectra are with a = 0.

e Hard-to-soft spectral evolution during pulses

 High energy emission at 100 MeV with a & -1
(GRB 941017)

* Prompt optical emission (GRB 990123)



Standard synchrotron shock model

1. eg<<1 fraction of available energy goes
to magnetic fields

2. ¢.,<1 fraction of available energy goes
to electrons

3. Electrons are assumed to obtain all this
energy instantaneously

(acceleration time <<< cooling time)



Synchrotron shock model

Electrons are assumed to obtain all this
energy instantaneously

(acceleration time << cooling time),

BUT

Electron cooling time
<< light-crossing time



Spectra from cooling electrons
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%ﬁ Cooling vs. Synchrotron “deathline”
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‘B! Heating / reacceleration of particles

Energy balance L /‘ET: (UB+Urad) YZ




Simulations

Large Particle Monte-Carlo code

Stern et al. (1995)
PROCESSES: "~

Synchrotron emission %qi Slab geometry

Compton scattering A=01R’
pair production <«

pair annihilation
synchrotron self-absorption
and particle thermalization

HEATING:
Electrons/pairs obtain equal amount of
energy per unit time



Radiative processes

If Thomson optical depth ©,—10-% then
v~V(y/t;)—10% and synchrotron

IS the main cooling mechanism
e Ift,—102-10"* then y — 10-100 and

synchrotron self-Compton
(Stern & Poutanen 2004)

- Ift.—1 then y~1-2 and

quasi-thermal Comptonization
(e.g.Ghisellini & Celotti 1999; Stern 1999, 2003)



Optical depth

e Thomson optical depth of the (matter
dominated) ejecta

= 0.3 Eyiniso, 54 Ris ')t

T,ejecta
e Thomson optical depth in the
external shock
T ot —2 X 10 Ri5* M_gwg™*  for wind

(M_ - mass loss rate in 10> solar masses per year; w; -
wind velocity in 103 km/s)

Tr exi—2 X 1078 Ry7 Nigy for ISM
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High energy emission
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A tt—1 Quasi-thermal Comptonization

U (Stern 2003, MNRAS, “Electromagnetlc catastrophe”
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SUMMARY

Standard shock models with particle injection produce
"cooling” spectra (Fg —E ~"2).

Heating / reacceleration
during the life-time of a source is needed.
Radiative processes depend on T, and compactness
For synchrotron emission, only T-—10-2 can be
reaccelerated

Quasi-thermal Comptonization does not give very hard
spectra and peaks at too high energy

Synchrotron self-Compton emission of nearly
monoenergetic electrons / pairs produces:

(1) hard BATSE spectra Fz —E 1 and spectral evolution

(2) prompt optical flash with Fg —E 2

(3) 100 MeV-10 GeV emission (potentially observable
by GLAST)



