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Science Case 6: Gamma-Ray Bursts
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The tirst GRB ever observed!
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Results published only 6 years after
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“Since the beginning it was clear these
were not terrestrial phenomena... then
where did they come from?”
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The Compton Gamma-Ray Observatory

Launched in 199l.
One of the goals was
ti study GRBs. In a
few years of operation
thousands of them
- were detected.




Extreme variability

BATSE Trigger 1676

Canali 14
Risoluzione: 64 ms

Rapid variability allows
one to derive an estimate
of the source size. It
turns out to be very
compact: od the order of
tens ot km.
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The problem of GRB local
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An isotropic distribution!

2512 BATSE Gamma-Ray Bursts

Fluence, 50-300 keV (ergs cm™)




The BeppoSAX contribution

BeppoSAX was a Dutch-Italian satellite launched in 1996



Identifying the first “afterglow”!
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and determining the distance of the host galaxy...
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Amazing findings

-The energy output of these events is huge,
comparable to a SN but in a timescale of
seconds!

-The cosmological origin of GRBs and = L gl
their “extreme” features have been . - J#*
one of the hottest problems for —
astrophysics in the 2000s.




- Osservatorio Astronomico
Xi Breral

Launched on 2004, Nov 20, and still operational.



Swift has been design for rapid pointing

It can be on target in a matter of tens of seconds


http://www.youtube.com/watch?v=Vx8IXxf49xI

So, what are these GRBs?

Jet collides with
ambient medium
(external shock wave)

‘ WHigh-energy

gamma rays

Colliding shells emit
low-energy gamma rays
(internal shock wave)

X-rays

Slower

Faster shell
Low-energy shell

gamma rays
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ow are they generated?

From a supernova to a gamma-ray burst

HYDROGEN : -
CORE y PO Taion

Silicon
fusion

Accretion disk

Blackhole %
BLAGK HOLE begins to form

@

on gamma-ray bursts (GRBs) result from the collapse of a massive
star into a black hole. The collapse releases so much energy that it rips the
star’s outer layers apart as a supernova explosion. Sometimes during the
collapse to a black hole, the blast releases extremely high-energy jets of par-
ticles and radiation from the center; if one of these jets points toward Earth,
astronomers see a GRB. as7ronour: ROEN KELLY

- p.
Particle radiation
@ moves toward Earth
Vi

There are two (or probably three)
families of GRBs: the long and
short duration, wiith a possible
further subdivision for the short.

Gamma-Ray Bursts (GRBs): The Long and Short of It

Long gamma-ray burst
(>2 seconds’ duration)
A red-glant

star collapses
= ONO its core...,

-becoming so |
dense that it
expels its outer ‘

Gamma rays

Short gamma-ray burst
(<2 seconds’ duration)

-
Stars® in —\

a compact
binary system .
begin to spiral
Inward....
.

eventually

colliding,

The resulting torus
has at its center

a powerful

black hole

*Possibly neutron stors,

Crashing neutron stars can make gamma-ray burst jets

Simulation begins 7.4 milliseconds

13.8 milliseconds

15.3 milliseconds 21.2 milliseconds

26.5 milliseconds

Credit: NASA/AEVZIB/M. Koppitz and L. Rezzolla



Notebook: GRBQPO

Swift—BAT GRB 070220
Maskweighted Lightcurve {1 s binning) using the flight position
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REFERENCES AND DEEPENING
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Abstract

Gamma-Ray Bursts (GRBs), short and intense pulses of low energy ~-rays , have fascinated
astronomers and astrophysicists since their unexpected discovery in the late sixties. During the
last decade, several space missions: BATSE (Burst and Transient Source Experiment) on Compton
Gamma-Ray Observatory, BeppoSAX and now HETE II (High-Energy Transient Explorer), to-
gether with ground optical, infrared and radio observatories have revolutionized our understanding
of GRBs showing that they are cosmological, that they are accompanied by long lasting afterglows
and that they are associated with core collapse Supernovae. At the same time a theoretical un-
derstanding has emerged in the form of the fireball internal-external shocks model. According to
this model GRBs are produced when the kinetic energy of an ultra-relativistic flow is dissipated
in internal collisions. The afterglow arises when the flow is slowed down by shocks with the sur-
rounding circum-burst matter. This model has numerous successful predictions like the prediction
of the afterglow itself, the prediction of jet breaks in the afterglow light curve and of an optical
flash that accompanies the GRBs themselves. In this review I focus on theoretical aspects and on

physical processes believed to take place in GRBs.



