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A Cold War Riddle

2 July 1967: NOT the Soviets
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The 1997 BeppoSAX Breakthrough

Optical Afterglows (Van Paradijs et al. 1997)

Also X-ray, radio, ...
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Distant Galaxies
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Distant Galaxies
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Beaming

Energy in jets,��� � � � �� �

Reduces 	 from

�� 
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to

� � 

� 


erg.
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Origin Long GRB: Supernovae
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Origin Short GRB: Mergers?

Still speculation

Swift launch October 2004

LIGO/LISA connection
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Model Ingredients

Cosmological distance,

�� ��

cm

Supernova energy,

�� � ��� � erg (10% ultrarelativistic)

Directed, jet-like geometry

Small source (few Schwarzschild radii)
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Sketch of a Model
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Two Key Problems

How does the engine work?

How many are there, with what energy?
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The Engine

Is the jet
electromagnetic or

�-driven?

How does it get so
relativistic?
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There Are Baryons!
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Consequences Baryonic Jets

Reverse shock � ejecta are baryonic

There is cosmic-ray and (photo-pion) neutrino
production

AGN could have EM jets. Also, a luminous AGN
gives

�� 
 �

erg/yr, a GRB
�� 
�

erg/(10 sec), so:

GRBs are best-bet � sources

MUST all-data-to-shore
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Possibilities Baryonic Jets

Initial EM jet, to get it relativistic? Where are
baryons picked up?

GRB internal shocks baryonic
Cosmic ray and � production

�-gamma correlation

Precursor from inside star?
ONLY direct diagnostic of engine!
Lower-energy � better: ‘exit chirp’
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How Many, What Energy?

Radio emission
lasts longest at
lowest frequency

Peak flux still high
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Consequences/Possibilities Late Radio

Radio emission relativistic: shock properties
Reverse-shock flash: need all-sky
instrument
Early afterglow

Radio emission non-relativistic: source
counts and calorimetry

Afterglow-SNR transition
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A Radio Surprise!?

Early shock could give coherent
(proton-synchrotron) emission

High flux ( �
�

10 Jy at 30 MHz)

Lasts �
�

100 s, could preceed gamma rays, so
all-sky monitor needed

Dispersion measures cosmic density

Escape from source?
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Conclusions

GRBs are the most powerful probes of
cosmology and extreme physics

Nothing like high-energy neutrinos to probe
their inner workings

Nothing like all-sky sensitive radio detectors
to count and measure them
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