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The discovery of GRBs by
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The discovery of GRBs by
the Vela satellites

Constellation of 6+6 satellites carrying
simple X-ray scintillators detectors. 10°km
orpit.

Detect y-rays from nuclear explosions

First launch 1963
| ast Advanced Vela launch 1970
In operation till 1985




The discovery of GRBs by
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CGRO/BATSE




CGRO/BATSE

8 Nal(Tl) scintillators at the 8 corners of the spacecraft
each ~2000cmz? collecting area /

Best temp. resolution 2us (TTM) \
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CGRO/BATSE

8 Nal(Tl) scintillators at the 8 corners of the spacecraft
each ~2000cmz? collecting area

Best temp. resolution 2us (TTM) \ /

Position accuracy .
a few-several deg St  -_ o™y 't




CGRO/BATSE
2704 BATSE Gamma-Ray Bursts




GRB970223

BeppoSaX observation of GRBS70228 field BeppoSaX cbservation of GRBS70228 field
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GRB970223

BeppoSaX observation of GRBS70228 field

Detected and localised to a
several arcmin by BSAX/WFC

Y Pixels

BeppoSaX cbservation of GRBS70228 field
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GRB970223

BeppoSaX observation of GRBS70228 field BeppoSaX cbservation of GRBS70228 field

Detected and localised to @ s i i mme™ i wite b Soms™
several arcmin by BSAX/WFC ¢ | - «
Satellite repointed and field ¢ et
observed with X-ray ’ g
telescopes 8hr after the event ¢

28/02/97 WHT

- N dwarl



GRB970223

Detected and localised to a  adfiimiurmn s sl min e

several arcmin by BSAX/WFC &) 4’_J_ «

Satellite repointed and field 0@.

observed with X-ray ”§ ...

telescopes 8hr after the event 8 :
256 00 350 00 250 300 380

Discovery of first X-ray
afterglow. <1arcmin
position disseminated

28702/97 WHT
._ ¢



GRB970223

BeppoSaX observation of GRBS70228 field BeppoSaX cbservation of GRBS70228 field

Detected and localised 10 @ & w5 wmd™ " ot st Som o™ *
several arcmin by BSAX/WFC | _ *.” el o

Satellite repointed and field & g
opbserved with X-ray ’ g
telescopes 8hr after the event

Discovery of first X-ray
afterglow. <1arcmin

position disseminated ’

28)02/97 WHT !
Discovery of first optical pei
afterglow
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Bloom et al.

Host Galaxy Detected
for GRB970508

4 e e e e B
q GRB 970508 Hosl Galaxy [0 uj azz7
z 0.8349 + 0.0003
_“g' § [Ne 1] 3869
Z;.; 1 } ‘
- I
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A (A)

Fri. 2.— The weighted average spectrum of the host galaxy of GRB 970508, obtained at the Keck telescope. The spectra

were smoothad with a Gaussian with a ¢ = 5 A, roughly corresponding to the instrumental rsolution. Prominent emission
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GRB970508 — Absorption Lines: z=0.835
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Redshift

A flash in the dark: GRB and high-z galaxies

cosmic blasts spotting distant galaxies
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Gamma-Ray Burst Duration

vs. Energy Spectrum
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et spreads
sideways quickly

The jet remains N
within inmhal cone

— g

<.: |
Radiationis 7

beamed into a
NArrow cone

J

Jet Signhatures

Piran, Science, 08 Feb 2002

- S 1/8

t break
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Radiation i1s beamed
into a large cone

3/8

Stanek et al. (2001)
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The dispersion in isotropic
GRG energies results from a
variation in the opening (or
viewing) angle

The mean opening angle is
about 4 degrees (i.e. (fy"7) ~
500 )

Geometry-corrected energies
are narrowly clustered (10=2x)

<EY > =5x10" erg

(forn, =0.1cm™ assumed)



Hyperaccreting Black Holes

GRBs In a nutshell

merger merger

Sudden bursts of soft y-rays
up to 10-3 ergs/s/cmz2 (uW/m2)

FrrrrJjrrrrr1rr

I N NN T T U U S -

0 5 10 NS/BH - He core merger collapsar =

rotating, collapsing
Tme in Seconds after common envelope "failed"” supernova

. Woosley, Ringberg, 1997
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Hyperaccreting Black Holes

GRBs in a nutshell

m

Sudden bursts of soft y-rays
up to 10-3 ergs/s/cmz2 (uW/m2)

L S S S N N B O B

| T T N N NN ..

0 5 10 NS/BH - He core merger collapsar =

rotating, collapsing
Tme in Seconds Riler common snvelops "failed"” supernova

. Woosley, Ringberg, 1997



Hyperaccreting Black Holes

GRBs in a nutshell

m

Sudden bursts of soft y-rays
up to 10-3 ergs/s/cmz2 (uW/m2)

WY

-

SLong- e

0 G " e collapsar s
wrg, collapsing

Time in Seconds ' "failed" supernova
. Woosley, Ringberg, 1997




Progenitor Long GRBs: Collapsar model M>30 Mg
Very rough overview

* The core of a rotating massive star col-
lapses to a black hole.

* Material far from the axis does not fall
straight in, but forms an accretion disk
first.

e Dissipative effects in the disk convert ki-
netic energy into heat.

* Energy deposited over the poles of the
disk powers jets.




The progenitor star

e Mass: > 30 M®

e Lifetime: 4 - 7 million years
e It will lose its hydrogen envelope through stellar winds, forming a
Wolf-Rayet star, ~ 300000 km in radius

e Helium core> 12 M o

e [ron core>2M©

* Rapidly rotating, ~ 200 km/s at the surface




Modelli per un GRB
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The compactness problem

‘Dt ~1-10 ms == Compact sources Ry~ ¢ Dt ~ 3 107 cm

.Cosmological sources (D~3 Gpc) ™= Ly~ fD2~10°2 erg/s
R of our galaxy ~ 30 kpc: extragalactic objects
€q1 €422 (M.C2)2 Yyy— e'e

. / \ ey ~ 1 MeV '
C, fraction of photons above
the thereshold of pair O01=6.25x10-25cm? '

production

Optical depth t,, (yy— e*e) >>1



Beaming hypothesis

Doppler boosting

O0=1/y(1-pcosH)

I = LG T > 1000 ‘Atobs = At/0

" Angc
but..1f [ = 60y -ray cannot

°light aberration v =0 v

I /v’ is relativistic invariant I, =8°1I

vobs v
excape. because thev interact _ 3+a _ 4
pe, Y Fv obs Fv 0 1::bol obs 1::bol(5

with X -ray photons to make Ap s _ 3 AF

e’ e couples At At
L L
|= =21 Robcht [=§0 e 1
Rm " At, m,.c



The Fireball Model

HelatVvistc

Parlicles
=100

PIFEOYRAUNGIUX

L

CoMpactisource
=S 02em
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The Fireball Model

N t

Relativistic /
=AMICIES

=100

o)f Fe)y/aitinle)iill)'s
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The Lorentz factor



The Lorentz factor

e As the fireball shell expands, the baryons will be
accelerated by radiation pressure.

e The fireball bulk Lorentz factor increases linearly
with radius.

e '\~ E/Myc?2, M, total baryon mass of the

fireball



Internal Shocks

) dI=R/cg2=d/C ~
~ D/c=T

 The observed light curve
retlects the activity of the
“inner engine”’. — Need TWO

time scales.

 To produce internal shocks
the source must be active and
highly variable over a *“long” T

period.



The Internal-External Fireball Model
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The Internal-External Fireball Model
Y-rays
avas
avas
avas
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The Internal-External Fireball Model
Y-rays
avas
avas
avas



The Internal-External Fireball Model

Y-Tays

N
N -
N




The Internal-External Fireball Model
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The internal/external shock scenario

[Rees & Meszaros 1992, °94]
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The radiation mechanisms

For each collision:

equipartition! fast cooling. spectrum

p. e shock accelerated to a

power law index ~ —2. synchrotron
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Light curves from internal shocks

Rapid variability and complexity of GRB lightcurves result of
emission from multiple shocks in a relativistic wind

At (interval between ejected shells) determines the
pulse duration and separation:

IS reproduce the observed correlation between the duration of
the pulse (t,) and the subsequent interval (At,)
Numerical simulations reproduce the observed light curves
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GRB inner engine

MERGER SCENARIO

2 shells ejected at t1, to, speed [ 4, [ o=al 1 will
collide at R~2I 2L

At~L/c~R/2cl2 R~2[2cAt R~(['/100)
(At/Tms) 6x101cm

v-rays from collision reach observer at the
same time of hypothetical y-rays emitted at t-

Observed light curves reproduce activity of
iInner engine (Nakar-Piran 2002)
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Number of pulses
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Number of pulses
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