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GammaGamma--RayRay BurstsBursts
A Detective Story

VIII High Energy Astrophysics 2005-2006 2

InvisibleInvisible AstronomyAstronomy
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Arthur Holly ComptonArthur Holly Compton

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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VELA VELA satellitessatellites

In 1960 a US fleet of 
satellites is put into orbit in 
the framework of nuclear
test controls
Multiple satellites to register
coincidences in the gamma 
ray band
Poor accuracy in orbit
reconstruction
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First First burstsbursts

In 1969 data of a 1967 detection of a few 
seconds non-terrestrial burst of gamma 
rays are released (declassified)
Other 16 bursts are detected in the period
1969 - 1972
In 1973 In 1973 KlebesadelKlebesadel, Strong & , Strong & OlsonOlson are are 
allowedallowed toto publishpublish the the discoverydiscovery toto the the 
scientificscientific community: community: GammaGamma--RayRay--BurstsBursts
(GRB)(GRB)
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In the 1970 gamma ray astronomy was still
young
The distance problem: were these bursts emitted
by nearby or by far-away sources ? 
No way to 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

WhatWhat are are theythey ??



4

VIII High Energy Astrophysics 2005-2006 7

MisteryMistery deepensdeepens
ClassesClasses of of burstsbursts::
•• Single, regular Single, regular burstsbursts
•• ComplexComplex multimulti--peakedpeaked

burstsbursts
•• ShortShort--durationduration, , narrownarrow

burstsbursts followedfollowed byby
secondarysecondary longerlonger burstsbursts

•• Time Time scalesscales fromfrom 30 30 msecmsec
toto 1000 sec1000 sec
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Compton Gamma Ray Compton Gamma Ray 
ObservatoryObservatory

CGRO (1991CGRO (1991--2000)2000)
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BATSEBATSE

8 high-sensitivity detectors at spacecraft corners
with energy resolution and directional response 
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OSSEOSSE
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The GRB The GRB ““zoozoo””
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Spatial distributionSpatial distribution

They are isotropic !!!
No association with specific
astrophysical sources
All have great fluences
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CloseClose--byby or or farfar--awayaway ??

ImplicationsImplications of of isotropicisotropic distributiondistribution
1.1. In the In the SolarSolar neighborhoodneighborhood, , withinwithin the the GalaxyGalaxy::

•• WhichWhich sourcessources havehave anan isotropicisotropic distributiondistribution ??
•• WhyWhy no no weakweak burstsbursts ??
•• A A nearbynearby originorigin wouldwould requirerequire a a smallsmall energyenergy

releaserelease: : eveneven anan asteroidasteroid fallingfalling ontoonto a a netronnetron star star 
wouldwould sufficesuffice

2.2. FarFar--awayaway, , arar cosmologicalcosmological distancesdistances::
•• IsotropyIsotropy wouldwould bebe easilyeasily understoodunderstood
•• LargeLarge energiesenergies wouldwould bebe requiredrequired !!



8

VIII High Energy Astrophysics 2005-2006 15

Fluence: 
10-7 erg cm-2 s-1

Distance: 1 Gpc
Energy:1051 erg

Distance: 100 kpc
Energy: 1043 erg

Cosmological or Galactic ?

Observations of new type are requiredObservations of new type are required

The The greatgreat debatedebate (1995)(1995)
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TowardsTowards a a solutionsolution: : 
BeppoSAXBeppoSAX and HSTand HST

In 1997 the In 1997 the ItalianItalian scientificscientific satellite  satellite  
BeppoSAXBeppoSAX detectsdetects XX--rayray emissionemission fromfrom
a a regionregion wherewhere a GRB a GRB appearedappeared 8 8 hourshours
beforebefore
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7 months later the Hubble Space 
Telescope detects optical emission from 

the same region
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990123: the first 990123: the first opticaloptical afterglowafterglow
detecteddetected byby HST HST immediatelyimmediately after a GRBafter a GRB
990123 990123 reachesreaches the 9.0 the 9.0 magnitudemagnitude
The GRB The GRB isis associatedassociated withwith a far a far galaxygalaxy
The The cosmologicalcosmological originorigin winswins !!

DetectableDetectable byby a a smallsmall binocularbinocular !!
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Ipernova
Supranova

Coalescing neutron stars

The The energyenergy problemproblem
WhereWhere doesdoes allall thatthat energyenergy in in suchsuch a short a short 
time come time come fromfrom ??
ModelsModels: : gravitationalgravitational energyenergy releaserelease
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Stellar evolution in briefStellar evolution in brief

Puff!

Bang!

Bang!
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1 candy = 10 kilotons

How to make visible black holesHow to make visible black holes
AccretionAccretion disksdisks, , gravitationalgravitational vorticesvortices
InfallingInfalling mattermatter releasesreleases up up toto 40% of 40% of 
mass mass energyenergy: E : E ~~ 0.4 mc0.4 mc22
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A supernova ending into 
a neutron star or a black 
hole is a GRB candidate
The energetic problem 
is reduced if the energy 
ejection comes into 
collimated funnels
But, for statistical 
reasons, then GRBs
must be even more 
numerous
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The Supernova Connection The Supernova Connection 
GRB011121GRB011121

The The opticaloptical afterglowafterglow showsshows a a decaydecay
consistentconsistent withwith a supernova light curvea supernova light curve

VIII High Energy Astrophysics 2005-2006 24

Some GRB Some GRB 
afterglowsafterglows, after , after 
decayingdecaying, , makemake
the supernova light the supernova light 
toto emergeemerge
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TheseThese observationsobservations favor the favor the ipernovaipernova model model withwith
respectrespect toto coalescencecoalescence
ButBut more more classesclasses of of GRBsGRBs existexist
RecentlyRecently fast fast GRBsGRBs appearappear toto bebe more more consistentconsistent
withwith neutronneutron star star coalescencecoalescence
BothBoth classesclasses are are associatedassociated withwith violentviolent
phenomenaphenomena in far in far galaxiesgalaxies leadingleading toto the the formationformation
of black of black holesholes
The The presencepresence of of jetsjets and and theirtheir orientationorientation mustmust bebe
takentaken intointo account account forfor estimatingestimating the the energeticsenergetics: : 
““relativisticrelativistic beamingbeaming””
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IpernovaIpernova
withwith jetsjets and and shocksshocks
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UniformUniform energeticsenergetics after after 
correctingcorrecting forfor jet jet beamingbeaming
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GRBsGRBs and cosmology?and cosmology?

GRBs would be standard candles
Same energetics: Type IA supernovae
and coalescence of neutron stars
release Mc2 0.42 x 2 x 1054 ergs
Distance estimates
Observations of first stars
SWIFT, AGILE, GLAST missions
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Hunting Hunting GRBsGRBs

HETE-2

GLAST

Swift

AGILE
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