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> Nobel proze in 1927
for the
measurements of
photon-electron
interaction
(Compton effect)

> First experimental
evidence of the
photon’s wave-
particle behaviour
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> Multiple satellites to register
coincidences in the gamma
ray bﬂ" W~

> Poor accuragy.dgeorbit
reconstruct
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. % First bursts

> In !! data of a 1967 detection of a few

ds non-terrestrial burst of gamma
rays are reIeased (decla55|f|ed)

> Other 16 bursts ar
1969 - 1972

> In 1973 Klebesad'é", Stieng & @lsenrane
aIIowed (o) pubhsh dhe dISCo)

Time {seconds}

pr_— _
e What are they ?

> Int 0 gamma ray astronomy was still
young
hewdistance problem: were these bursts emitted
by nearby or by far-away sources ?
> No wayste establish distances
» The poor accuracy in defining the arrival
direction of arriving signals did not allow a clear-

cut association of GRBs with known astrophysical
objects

» The short duration of bursts did not allow follow-
ups in other spectral bands
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flistery deepens
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e reGUIarbursts
Ulti-peaked

» Short=alration, narrow
bursts followed by
secondary lenger bursts

. Time scales from 30 msec
to 1000 sec
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ompton Gamma Ray

«O Servatory
BRO)(1991-2000)




/7 COMPTEL

. ——EGRET

BATSE
TWO OF EIGHT
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BATSE

Burst and Transient Source
Experiment (BATSE)

BATSE
DETECTOR MODULE
(10F8)

8 high-sensitivity detectors at spacecraft corners
with energy resolution and directional response
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OSSE
P

Oriented Scintillation Spectrometer
Experiment (OSSE)
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' jal distribution
Spatlaijst butio
2704 BATSE Gamma-Ray Bursts

W= astrophysical sources
All have great fluences

107 10° 10° 10
Fluence, 50-300 keV (ergs cm™
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-‘by or.far-away ?

> %:ations oifisetrepic distribution
o | eﬁcé:\r neighborhood, within the Galaxy:
s WhIchRseurces have an isetropic distribution ?
J \V@ neyweak bursts ?
» Aneamyrorigin would require a small energy

release: even an asteroid falling onto a netron star
would suffice

2. Far-away, ar cosmological distances:
* Isotropy would be easily understood
* Large energies would be required !
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itidebate (1995)
.

Fluence:
1077 erg cm2 s

Distance: 1 Gpc
Energy:105" erg

: Distance: 100 kpc
Energy: 1043 erg

Observations of new type are required
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ater the Hubble Space
detects optical emission from
le same region

.
Gamma Ray e HST « STIS
Burst
GRB 970228

PRC97-30 = ST Scl OPO + September 16, 1997 + A. Fruchter (ST Scl) and NASA
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- ,‘)Q‘C}!zj Nirstieptical afterglow
dlteciacl By HISIT immediately after a GRB

T990123 reaches the 9.0:magnitude
> The GRB is associateh with afiar galaxy

‘J»The cosmlogicalqrigin wins 1'%

.
» Detectable by a small binoecular !

Gamma Ray Burst GRB990123 HST « STIS
PRC99-09 + STScl OPO « A. Fruchter (STSel) and NASA
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€ energy problem

r f o
W asel| that energy in such a short

IMENCOMENTOMN?
:igevitational energy release

Coalescing neutron stars

Ipernbva
Supranova
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Lom;gs verage . # . mesd)> o  White Dwarf

Puff!

Lar%?.al‘:"lass . # . # *  Neutron Star

The fate of a star depends on its mass (size not to scale)
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515, dliavitational vortices

‘attEr releases up to 40% of
ErgysrE~ 0.4 mc?

1 candy = 10 kilotons
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> But, for statistical
reasons, then GRBs
must be even more
numerous
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Icallaiiterglow shows a decay
ntwithrarsupernova light curve

—2.5 log{f,) + Constant

SN 1998w at day —7

GRB 030329 Apr 8 UT
continuum subtracted

SN 1998bw at max
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> Some GRB
afterglows, after
decaying, make
the supernova light
to emerge
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liast GRBsfappear to be more consistent
stalfcoalescence

> Both cl esrare associated with violent

phenemenainiar galaxies leading to the formation
ofi black heles

> The presence of jets and their orientation must be
taken into account for estimating the energetics:
“relativistic beaming”
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Ipernova

,’ .ﬁhjetfand shocks

LOCAL MEDIUM

Pre-Burst <]
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pPiaed e Shock
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[form energetics after
c_tJ'ng-forjet beaming
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GRBs'and cosmology?
e

>RBs would be standard candles

> Same meigetics: Type IA supernovae
and coalescence of neutron stars

release Mc? mmp 0.42 x 2 x 10°% ergs
» Distance estimates

» Observations of first stars
> SWIFT, AGILE, GLAST missions
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Hunting GRBs
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