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lransient Energy Release

* Release a lot of energy * [Ime scales:

INn small volume
e Dynamical: ~r/v

e How do you get the
radiation out? e Relaxation: ~ T1.5/n

e Radiation: ~ E/L



Radiative efficiency

Bremsstrahlung: L~n2T12 ~ p2/T3/2 tcool ~ T72/n ~ T3/2/p
Synchrotron: L ~ O Ymax2 NB2 ~ p? tcool ~ 1/p
1C: L ~ O Ymax? N Urag ~ P3 tcool ~ 1/p2

BIaCkbody: L~ T4 tcool ~ 1/T3

Dynamics: tayn ~ r/v



Optical depth

e How long does it take for your radiation to escape?

e T<<1: tesc"'r/C"'tdyn

e T>>1; tesc ~ T2 r/C >> tayn



Pair Creation ano
Compactness
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-thermal spectra

Non

Boeticher+'13



Synchrotron cooling



Radio Galaxy Spectra
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-ull synchrotron spectrum: low-1"

log » log v



-ull synchrotron spectrum: high-/-







Shocks and Afterglows

O CONRDBs N
OMDien! Madam
st AhockE wove)

~quh oenergy

QOMMO rovs

CoMaging shen omid
oW - eNeIQy QOMMO oY
IMlere! 1IROLE wave)

K20

Fostom
Low - BanerQy e
e ro

Yiubina hoht

famo

Black hole
engine

Prompt
emission

Afterglow

NASA



Outflows and Ejecta
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e Mildly relativistic

e Quasi-spherical

* Lower energy compared to short

GRB afterglows

Dobie+2018



GRB120404
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Cocoon formation



Radio Lobes
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Ultra-High Energy Cosmic Rays

Extragalactic, but no

iIdentification of sources

Auger Collaboration



Scaled flux E**J(E) Im®s'sr'eV'’
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Hillas plot:

PM Bauleo & JR Martino Nature 458, 847-851 (2009)
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Are AGN the source?

THE ASTROPHYSICAL JOURNAL, 751:108 (20pp), 2012 June 1 AJELLO ET AL.
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Inverse Compton (again

»=1.06
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Estimate B, P independently

Mrk 501, Konopelko+2003



Lgyne o< BUTP)/2 pg2ta

Lic—cvB < PUcupI#6°1¢

Estimate [

Zacharias+2005



IceCube V;
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lceCube Vs
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Scaled flux E**J(E) Im*s'sr'eV'’
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