et

- astronomy: late '70s
- positions in sky by IPN-timing
- found to be isotropic on sky (Konus satellites)
distance still unknown
BATSE all sky monitor confirms isotropy (1994)
- 1997 optical identification w distant galaxies
- afterglows
- predicted supernova connection found (1997)
current instumentation: Fermi (formerly GLAST), SWIFT, Agile, INTEGRAL
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outbursts from supermagnetic (B ~ 10" G)
neutron stars (‘'magnetars’)
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SGR 1900+14
Konus satellite
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Fig. 1. Giant August 27, 1998 outburst. The intensity of the £, > 15 keV radiation.




Galactic Coordinates

Figure 14 The celestial distribution of 1121 gamma-ray bursts as seen by BATSE over a three-
year period, plotted in Galactic coordinates. No clustering or anisotropies are seen (Briggs et al
1995, Meegan et al 1995, Hartmann et al 1995).

Log erg s ' cm’

1 -22 -1
Log photons cm “sec

Figure 13 The log N-log P distribution from combined BATSE and PVO data (adapted from
Fenimore et al 1993). The distributions match well in the overlap region. The PVO data, which has
recorded more strong bursts than BATSE during its long lifetime, is seen to follow a —3/2 power
law for strong bursts.
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X-ray spectral energy distribution peaks at
0.1-1 MeV

- 1000 10000
Energy (keV)
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For »1: variability intrinsic variability of the
central object translates directly o the observer:
In the following:

[: Lorentz factor
of the relativistic flow

M: ejected mass
(not central mass)

obsakvor

IMPRS 1-5/12-2008



size (radius of photosphere) 7pnot = 10'" cm
duration t=1—1000 s
shortest time scale 1 — 100 ms

assume these for the moment, justification
for M, T', r .. To follow.
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conditions in central engine, for assumed energy deposition
near a stellar mass black hole
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Nonrelativistic fireball
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Relativistic fireball
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2 classes of GRB: 'short’ and 'long’
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Collapsars: GBR from supernovae Woosley 1993
confirmation: GRB030329

SN 1998bw at day =7

GRB 030329 Apr8 UT
continuum subtracted
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Seemewrsd A

= pre-SN core with “jusl vigkb®
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GRB are rare:

10~ " yr~ ' per galaxy
beaming factor 1077
— ~ 107 yr !

supernova rate:
> 102 yr !

GRB-SN are some special
subclass.
1998bw: SN 1c (exploding WR star)
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FORMATION OF A GAMMA-RAY BURST could begin
either with the me of two neutron stars or
with the collapse of a massive star, Both these
events create a black hole with a disk of material
around it. The hole-disk system, in turn,
out a jet of material at close to the speed of ;
Shock waves within this material give off radiation. | JET OLLIDES WITH

.ELHEIEH’T MEDIUM

MERGER SLENARIT

MASSIVE

HYPERNOVA SCENARID
JUAN VELASCOD
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where does remaining KE go?
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Alternative: gradual internal dissipation of
magnetic fields
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relativistic field strength
- internal dissipation — GRB radiation
- ‘Poynting flux conversion’ —>acceleration
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'‘AC' outflow

Nonaxisymmetric
rotator

‘Striped wind’
(Kennel & Coroniti)

(top view) (side view)
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€

- Reconnection time (in lab frame) 7 = I'7" (time dilatation)
F2

N, ——

Trec
e()

- —» dissipation at ‘interesting’ distances (photosphere, 10'! cm )
(near photosphere for 1" = 100 )

IMPRS 1-5/12-2008 GBR



faster dissipation - steeper gradient

hydro: Bernoulli: %UQ +w=FE, w=p+te

IMPRS 1-5/12-2008 GBR




inMHD: E=vxDB/c, S=v,—
4
B2
magnetic energy flux: F,.=v =
7

S =2F, = v wn, Wy = Py + em
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acceleration: [ ~ - 1/3 Drenkhahn 2002

dependence on baryon loading, € , ()
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the gamma spectrum from
(magnetically) dissipative flow

-« Input thermal component
— - Spectrum at t={.1
—— Spectrum at the onter boundary

10 100 1000 10000 le+05 1e+06 le+07 05 . 100 1000 10000 le+D5 le+06 le+07
E (keV) E (keV)

D. Giannios 2008, A&A 480, 305
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prediction: lots of emission
up to ~ 1 GeV
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2. Supermva - based scenarios
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