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. a brief overview
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GRBs are seconds to minutes lasting flashes of gamma rays




GRBs: a brief overview

They are distributed:
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GRBs: a brief overview

The gamma (prompt) radiation is followed by emission in all bands (afterglow)
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Swift’XRT data of GRB 091029
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The GRB optical/NIR follow-up allowed us
to determine the GRB cosmological nature.
GRBs are the most distant, powerful and
violent phenomena of the Universe



GRBs: a brief overview

GRBs are thought to be associated with a newly born, stellar mass black hole

Two channels of BH production:

Classical hypernova model
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Hypernova/collapsar model

Very massive,
rapidly
spinning star
Star explodes as supernova,  Neutron star collapses into a black

leaving behind a rapidly hole, creating a Samma ray burst that
spinning neutron star lights up the older supernova shell

Collapse of a star with several tens
of solar masses
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GRB Absorption spectroscopy

Suitable to:

e Find redshifts, compute energetics, and build the GRB luminosity

function

e Estimate the metal content in high redshift galaxies

e Characterize the circumburst environment

e Explore the interaction between the GRB and the surrounding

medium

e Study the intervening absorbers along GRB sightlines



GRB Absorption spectroscopy

In the past, metal enrichment in galaxies at high z has been studied
using:

e Lyman Break Galaxies (not representative of the Galaxy population)

e Galaxies along the line of sight of quasars, i.e., DLA (preferentially
probe galaxy outskirts)

Age of the Universe (Gyr)

@®GRB-DLAs
A GRB hosts

x QS0-DLAs

Advantages in using GRBs:
e Probing central galaxy regions
e No luminosity bias

e |SM can be studied up to higher
redshift than DLA systemes.
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High resolution Absorption spectroscopy

Advantages of hi-res spectroscopy:

e |s necessary to disentangle the ISM from the absorption coming
from the GRB surroundings.

e Separates the GRB surrounding medium in components, allowing a
more accurate study of the composition, density, kinematics and
physics of the absorbing gas.

e |s our only tool to fully explore the wealth of information carried by
the lines absorbed by the excited (in particular fine structure) levels.

Disadvantages

e Suitable for high luminous afterglows only

e Afastreaction to the trigger is needed (Swift + RRM)



High resolution Absorption spectroscopy

Advantages of hi-res spectroscopy:

GRB 021004
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High resolution Absorption spectroscopy
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T D’Elia et al. 2009,
variability!

see also Vreeswijk
et al. 2007
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resolution Absorption spectroscopy

Burst
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Next steps

Is there any gas closer to the GRB? Is it highly or fully ionized?

Answering these questions can give important clues on the GRB
progenitors, their emission mechanisms and the way they deposit
energy in the surrounding medium

Optical spectroscopy cannot penetrate further the GRB
surroundings

We need high resolution, high throughput X-ray spectroscopy to
address these issues

Athena X-IFU spectrograph can achieve up to R>2000: an
unprecedented combination of , , and re-
pointing capabilities in X-rays




Next steps
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Fe XVII-XXIV 1s-2p
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... Can give access to regions of
the GRB environment beyond
the reach of optical
spectroscopy
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