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How it all started.....
mid 1960s: VELA satellite.. something” is

detected
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ABSTRACT

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 s, and time-integrated flux densities from ~10—5 ergs cm—2 to ~2 X 10—% ergs
cm—2 in the energy range given. Significant time structure within bursts was observed. Directional
information eliminates the Earth and Sun as sources.

Subject headings: gamma rays — X-rays — variable stars



TYPICAL GAMMA-RAY BURST
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Most GRB data gathered
by BATSE in the 1990s

(O Rates: about 1 per day

() Durations: from tens of milliseconds to several
hundreds of seconds, with

bimodal distribution S —

(O Highly variable M
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(O Non-thermal spectra with peak ener'gy ~ 500 keV
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counts per 64ms
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The highly variable gamma-ray “prompt" emission....
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"STANDARD" MODEL

GRB FIREBALL MODEL"
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Progenitor moelels

Long GRBs
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(likely) Progeniier mocdels

Short GRBs
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Corroborative pieces of evidence:

- No SN ever found associated with a short GRB

- energies a factor of 10 or more lower than for long GRBs

- generally associated with early type galaxies, with low
star-formation, unlike long GRBs, associated with regions
of high star formation.

- average redshift lower than for long GRBs







Swift era (2005 on) ideal for cosmology studies
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[Lamb & Reichart 2000]

O X-ray, UV, optical



Cosmological studies with GRBs

@ Probe ISM structure (i.e. clumping) in high redshift
galaxies

@ Probe extinction curves in high-redshift galaxies

@ Test cosmological models of structure formation




Bs a3 prowes o the medlm i el host galaes

o GRBs brighter than QSOs : Lys, ~10%erg/s; Ly, ~10° erg/s

© GRBs likely to exist to higher redshifts than QSOs:
Zoso <~ 60 Zgre <~ 20 (April 2009: a GRB was detected at z=8.2l!)

© GRBs can probe the inner, denser
regions of galaxies that are not
easily accessible to QSO
absorption studies (whose los
more likely intersects the
outskirts of galaxies)

m==> Have a more complete
picture of the properties
of high redshift galaxies




Difference between GRBs and QSOs as “lighthouses”
GRBs output large amount of radiation in very short time

—— > Close-by medium photoionized by X-ray/UV photons
accompanying GRB - generally observable time-scale
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Hydrogen; t= 0.10532000 Carbon; t= 010532000
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Tme variability in the opacity tracks densiy protile
In the close environment ef the burst
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Net only gas, but also dust grains are
aifected by an Intense raciation felel

UV heating/sublimation
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Dust grain distribution in GRB environment modified by
X-ray/UV radiation field

@ The radiation field from e | _
the GRB selectively g L] —— e

destroys the smallest grains =y,
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How ,!fy we usz (lon ’g) GRBs o
fywv thelr environment?

For the close environment (winds produced by
massive stars) time variability in the X-ray
through optical opacity provides a diagnostic.




’fwbu 102 /w/mw of the nasshe stars
"orgiIrS j Loy G/RBs

) Theoretical predictions: rapidly rotating, low-
metallicity stars.
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Structure of the CSM created
= by the progenitor star just
prior to its explosion

[van Marle et al. 2008]
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Time-dependent

. evolution of the
column densities of
various ions
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Cloud illuminated by
beamed GRB --
Grains scatter and
absorb/re-emit




Time-dependent dust echo from a compact

dusty cloud surrounding the progenitor star
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Probe host galaxy conditions:
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Fell2396%

-shifted components:
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Time-dependent line modeling
of 2 of the variable components
allowed to locate one
component at D=2kpc and
another at D=6kpc

—— Large scale clumps!/
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Constranis on the EXTINCTION CURYE
of G5 host gl ths ase of GB0505250,

Observed in X-rays, UV, optical, IR (z=0.606)
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X-ray through IR data o T Y- :
. 107%
allow to calibrate spectral . s
SIOPZ of the POWCI"IGW of i 1 f.. R Cupper i) x 3
the afterglow Lol - :
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[Heng, Lazzati, Perna et al. 2008]
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Detection of high-z GRBs has potential for
cosmology: test power spectrum of density
fluctuations at small scales

Long GRBs —— trace massive stars —— trace small scale structure

standard CDM
models




Use Short GRIBs to constrain
evolutiochary binary mmocels
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R(z)
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Statistical studies of

"1 the distribution of

short GRBs with redshift,
and their relative fraction
in various galaxy types,
can constrain the binary

| evolutionary model giving

[ starburst




SUMmmary

GRBs constitute a powerful tool for astrophysical /
cosmological studies

@ Time variability in opacity of selected absorption lines allows
to constrain properties of massive stars progenitors of
long GRBs

@ Time variability in IR emission allows to constrain 3d dust
structure surrounding massive star

@ Presence and variability of fine structure lines can constrain
the clumping structure of the absorbing medium in the GRB host

@ Multiwavelength observations of GRB afterglow can allow to
reconstruct extinction curve of GRB host galaxy

© Probe the era of the transition of the Universe from the dark ages to
the first light and test cosmological models of structure formation

@ Use properties of short GRBs to learn about binary evolution



