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e If you have seen one burst, you have seen one
burst!” — burst properties vary dramatically
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S Flreballs are dynamlc ob tS Whose propertles
evolve quickly with time (similar to evolution of
first minutes of the Universe)
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I

(Meszaros 2005)

ol o~1
® Einternal converted into Exinetic
of - R

oRs = an = (EO/(MOCZ))Rin
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r 109..10 1011..12

s Moh

(Meszaros 2005)

o =CSt

® Einternal << Erest mass
® Rph: Tpair creation = 1
o Rjs = rIZRin

2009 May 6th / MPE Science Day: GRBs



r 1 09..10

(Meszaros 2005)

eRis —> Ras 1 = Cst
e shock propagates into ISM with lshock = 21/2T
e Res = most of Exinetic transferred to ISM
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I

(Meszaros 2005)

eadiabatic. E-PPm=cst ol = m Y2 5T - R3712 (pexe=cst)
eradiative: I « R
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fast cooling
t<to

(Sari et al. 1998)

e optically thick to synchrotron self-absorption
S FV o kTefsz, kTeff o YemeC2 — St
— Fy « V2

2009 May 6th / MPE Science Day: GRBs



fast cooling
t<to

(Sari et al. 1998)

e contributions of tails of the emission of all electrons
& FV o V]'/3
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fast cooling
t<t0

(Sari et al. 1998)

e rapid cooling of most energetic electrons at Vsync
oN(y)dy=«yPdy = Ny=y'™P Exy>P
e energy is deposited at Vsync (Y) = Y?
oFv« (E/V)=« (Y P /Y?) > FyavPP?
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fast cooling
t<to

(Sari et al. 1998)

® Vm = Vsync (Ymin), Vc = Vsync (Yc)
e fast cooling: vm > Vc & Fy « v1/2

e slow cooling: vim < Vc & Fy « V17P)/2
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slow cooling
'(>t0

(Sari et al. 1998)

A

o Vin = Vayrc (mim), Ve SV (V)
e fast cooling: vm > Vc & Fy « v1/2

e slow cooling: vm < vc & Fy « V1-P)/2
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(Galama et al. 1998)
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(Sari et al. 1998)

low frequency

vV
0

; t3(1 -p)/a

t1/6 [t-1/3

{(2-3p)/a

eif initially vm > vcthen: Vo = Ve (to) = Vim (to) as Ve
decreases slower than vm
e transition from fast to slow cooling at to
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e combining spectral and temporal
dependencies = Fy«t*yF
e separated by va, V¢, Vm

(Piran 2005)

ox & P for many afterglows can confirm shock |
e best made at various wavelengths to measure
instantaneous positions of critical frequencies
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e spherical outflow

e line-of-sight scaling relations
valid for entire visible hemisphere
e impulsive energy input Ep and
single No=n=k/Moc?

e highly relativistic expansion in
the adiabatic regime

e homogeneous external medium
e time-independent shock
parameters (p,&e,£p)

(Galama et al. 1998)

e Day-0.5 data
o Extrapolated data

(Price et a. 2003)
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e Three Lines of Evidence:
e 1) isotropic energy output exceeds Mo c?
e 2) late radio observations suqqest
Exinetic ~ 10°1 erg
3) (achromatic) jet NN
breaks

100000
ime since GRB trigger [s]
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(Granot et al. 2005)

e observer at Oops > Oo
e light curve rises and peaks at ' ~ (Qps—Op)1
e ratio of on- vs off-axis afterglows constrains o
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MPI/ESO

ROTSE-II

v

(Malacrino et al. 2007)
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e X-rays beamed similar to Gamma-rays (Greiner et al. 2000)
eradio fb_1>60 (Gal-yam et al. 2006)
e optical too shallow vyet (e.g., Rau et al. 2006)
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