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Motivation: peculiarities in the prompt emission
Electron energy balance: characteristic Lorentz factor
Spectrum: high optical depth

Spectrum: low optical depth



Fireball Model: long GRBs

External Shock

The Flow decelerating into

Internal Shock the surrounding medium

Collisions betw. diff.
parts of theflow

Aim: to calculate the prompt emission spectrum



Motivation
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Afterglow - well described by synchrotron emission
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Fit of the spectrum of GRB970508 after 12 days by synchrotron emission
(from Wijers & Galama, 1999)



Motivation (2)
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Prompt emission: Histogram of BATSE bright bursts
peak energy ‘(Hl?re‘e‘c‘e‘ gt. al‘.,‘ ‘2‘(‘)00)
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" Peak clustering at ~0.1-0.3 MeV;
(Preece et. al., 1998, 2000; Kaneko et. al. 2006) 5

300 |

= Steep spectral slopes at low energies
- difficult to account in Sync.

(Preece et. al., 1998, 2002; Ghirlanda et. al., 2003; 7
Ryde 2004; and more..) 10

= Existence of an advected thermal
component
(Rees & Mészaros 2005)

Rdissipation SRphotospheric



Prompt emission scenario: definitions

o Think of a box of width A, (where dissipation
occurs) with electrons and thermal photons.

Light crossing time: tyyn= A/C
1 . kT -3
 Define: photon temperature- 0= ~10
m.c*
« Ratio of energy densities - A= Uph 1
u

€

Assumption: Thompson scattering  Yenar? <1



Electron energy loss time

(don’t panic!)

2
E 7/ char meC

{ = —l = XY char u — Au
loss P Y char (4 / 3)CU-|- 7/C2haru ; Y ch ph e
2
m_C 2
— € — U = 7/ m C XN
(4/3)CO-T 7/char AneI meC2 e e e
L 7. =Nn_Co-l
(4/3)CO-T 7/char Aneltdyn a i ! dyn

Conclusion: For A~1, 7, > 1 implies t,, <ty ,

— Electrons lose all their energy within t,
and are accumulated at y~1
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Electron energy distribution
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Population: Ex dn/dE [cm™]
> >

10 10 10™ 10° 10 10

electrons momenta: yx 3



Estimate vy;,,, : balance between

Comﬁton and inverse Comﬁton

« Electrons gain energy by down scattering energetic photons:
How many energetic photons there are ? dn, (e >m.?)

N, (€ >m.c?)

~ R(injection) —

dt

loss

-Energetic photons are at (quasi) steady state: U, 2

ph(5>mc ) =
m.c* T,

o)~ o™

Energy gain rate of an electron: ‘

dE m.c* . Cou
=~ Cop ——xN, (6>mC%) =

dt 2 T,

e

Energy loss rate dE

of an electron: d_t_ ~ (4/3)co; (7 By )2uphe(4/3)(7fﬂf ) nee,



Estimate v, : balance between
Compton and inverse Compton (II)

3

(7/ ﬂ )2 (4/3)(7fﬂf) Ngc,
frof

4A77,e

1/2
(): 1.~ few> exp()~1  ». g, (n, <10)= [4A3 j ~03A7r,

e

o6

4A77,e

1/4
(1) ©..~ few tens > 7 Bs (N, ~10-100) z[ ] ~ 01644 A1 7621/4

exp()~(y{By)*/36f

(1) . .>few tens > Outside Thompson regime;
Compton equilibrium; Wien Peak

v, B, (n, >100) ~ [30@1+ A™M)]'* ~0.080
&ye (Plasma frame) ~ 39(1+ A™)m c* =10 keV
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Electron energy distribution
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Population: Ex dn/dE [cm™]
> >

10 10 10™ 10° 10 10

electrons momenta: yx 3



Resulting spectrum

Flux, v F_[erg cm™ sec”']

;Peak

)ectrum
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Spectrum: low optical depth - t<1
U

3 1/2
7fﬂf(nsc.£10)z[ j
4Az7

* Number of photons with n_. scattering:

dnph ~ ~ nSC.
dt ~/ nphCGT nel % nph1nsc_ ~ nph’o Xz'}/e

* Energy of a photon after n_. scattering:




Resulting spectrum

Flux, v F_[erg cm™ sec”']

;Peak

)ectrum
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Summary

> A significant (A~1) photon
component 2 ;s <<ty
Details of electron acceleration
are not important

Population: Ex dn/dE [cm®™]
)

I 1. I I I I
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Compton scattering — main electrons moment: <
emission mechanism
> 1.>few tens > Wien peak at

g% ~sub MeV

» t..~few > Flat spectrum above
the thermal component due to A
Compton scattering ! o / z |
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2u,

n. (s> fmc?) =
ph e 2
z,M,C
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