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arly in the mommp of Jameary 23, 1999, a robote ielescope
_.h'HEw Mexico picked up a fame flazh of leghe i the comstel
laticn Corona Boreali=. Though just barely visshle throogh
himcculars; it rumed our o be the most brilliant explosion
ever witiessod by Tnmainiy, We coald see i nine billion lgh-
years aveay, more than halfway across the observable uni-
verse. I the event had istead taken place a few thowsind
leghir-years away, it would have been as bnght as the midday
aun, ani it would have desesd Earch with enough rmdinmsoen
von kil asfd meardy cvery living ching.

The flasls was another of the Famoos gamma-ray buarsts,
which in recent docaides have been one of astromoaiy's s
imergguing mysteries. The first stghiing of a gamma-ray barst
(CaRB) came on fuly 2, 1967, From maliary sacelbives watch-
iy, Frar naiclear tests in space. These cosmmic explosions proved

i he ragher differenr from che man-omade ﬂ;ph:mnm thint the
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BeppoSAX: GRB in the afterglow

Era
Launched April 30, 1996 -‘
Switched-off April 30, 2002

Discovery of the aftterglows of
GRB

Discovery of the extragalactic
distances

Progenitor: Association with
SN and star formation in
distant galaxies

Dark GRB’s and X-ray ¥ i
Cosmology with GRB i g




GRB970228: the 1st X-ravy and

O afterglow

* Triggered by GRBM
and localized by WFC

*Fast follow up with NFI in
8 hrs: a bright unknown X-
ray source

A second pointing 3
days after the GRB:
fading X-ray
counterpart (costactal 1997)

* Optical fading source (van paradis
etal 1997)




ower laws: the hallmark of afterglow
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Internal vs external shock:
prompt & afterglow emission (1)

In contrast with the

afterglow, the prompt
emission 1s characterized by
strong hard-to-soft spectral
evolution from X- to Gammajg
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I'AYS (e.g. GRB960720 Piro et al 1997)
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erg/s/cm2 (2—10 keV)
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Prompt and afterglow emission

Internal and external shocks?

GREB 70228

o=1; no spectral
variation

Afterglow: power-law |

per Lirmits [WFC)
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The fireball scenario

R-O-X afterglow

1013 cm

\4

1016 cm
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The progenitors of GRB

The nature of the progenitor can be inferred from the environment

. B
- NS-NS (BH-NS & BH + "\rﬁ.':" |
WD) travel far from | - - ;

their formation sites :
before producing
GRB’s (Fryer et al

2000) => “clean
environment”: no line

/ \

Hypernovae/collapsar
evolve much faster,
going off in their
formation site =>
“mass-rich

environment” => linese t NS- NS merging t Hypernova




Iron features

*GB970508 (Piro et al 1999)
*GB000214 (Antonelli et al 2000)

*GB991216 (Piro et al 2000)
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Summary of Fe features obs.

Detections from 4 satellites and 6 instruments (no
systematics)

3 detections at 3 sigma and 2 above 4 sigmas

Emission features (in the afterglow phase) at rest
frame E= 7.0£0.1 keV and 9 £ 0.4 keV, consistent
with H-like Fe Ko (6.9 keV) and recombination
edge (9.3 keV)

Transient behaviour 1n 2 observations

Not ubiquitous: there are some upper limits below
fluxes of detections

Transient absorption feature during prompt phase
(0-15 s) at 7 keV, consistent with cold Fe edge
(7.1 keV)



Features in GRB’s: models

 Distant reprocessor scenario. Line produced by
medium photoionized by GRB photons. Time scale=
size of the medium. The mass of Fe (M ,~0.1Msun)
and and line width 1n 991216 (v=0.1c¢)
require a SN explosion by a massive progenitor,
preceding the GRB by a few weeks-months like in

the Supranova modelwvien &steita)

Image from HETE2 team & NASA



The GRB-SN connection Soft X—I'ay lines
furtherly confirmed by the .

detection of He/H-like Mg, Si, @& ; | [

S, Ar metal lines blueshifted at [y (o
v/c=0.1 in the afterglow spectra HE L fhel
of GRBOI11211 (by XMM, 8

Reeves et al 02), GRB020813 (by s
Chandra, Butler et al 03) and i
GRB030227 (by XMM, Watson
et al 03)

See Schartel talk
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X-ray absorption

X-ray absorption column densities in the
afterglow: NH=1 021_22 cm-2 (Stratta et al, ApJ, subm)

Consistent with NH 1n Giant Molecular clouds
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GRB-SN connection

 GB980425: 1n the
BeppoSAX error box:
SN 1 998bW (Pian et al.
99,Kulkarni et al, Galama et al al 98).
Exploded within 1 day
from the GRB. Chance
P=1E-4

« HETE-2
GRB030329=typelc
SN2003dh >Ricker’s
talk SN 1998bw in Spiral Galaxy ESO184-G82

%
Rl b s



Collapsar model

Massive (>40 Msun) rotating star that has lost H envelope
(WR) (Woosley et al. 98,00,03)

In the core-collapse a BH+AD 1s formed, energy 1s tapped
out of the system and propagates along the evacuated
rotation axis (jet)

The jet breaks out of the stellar surface with Gamma about
100 (collimated fireball=>=GRB, consistent with “observed”
jet opening angles of 5-10 deg and total energy from GRB=
a few 10°!erg, Frail et al 02, Berger et al 03)

A substantial fraction of the energy 1s produced at wider
angles with lower Gamma

SN-like star explosion almost simultaneous with the GRB

In this phase, depending on the n/p content, N156 or Fe54
are produced. Ni156 => optical SN while 1f Fe54 no SN and
X-ray Fe lines



X-ray lines (local
C Ollapsar mo del reprocessor scenario (Mesaros &

Rees 00))

Woosley et al



The quest for high-z GRB
o [f GRB:SFR, about 20% of them at z>5 (Bromm & Loeb 03

* Events at z>5 will not be visible in the optical range,
(Lyalpha forest absorption): they have to be “dark™

* Most of the redshift are now derived from optical obs
=> strong bias against high-z GRB

« X-ray redshift or IR photometric/spectroscopy z

GRB00013C: z=4.5
(Andersen et al 01)

2000 6000 7000
Wavelength [A]



Are there really dark GRB?

* From the BSAX sample we find (De Pasquale, LP etal
03, ApJ)

* About 90% GRB have X-ray afterglows, only
40% an optical afterglow (dark GRB)

 Dark GRB are on average 6 times fainter in X-
rays than OTGRB (explaining why HETE?2
SXC localization lead to OTGRB, Ricker’s talk)




Are there really dark GRB? YES

about 20% of dark GRB are “truly dark”, being
their ratio of optical-to-X-ray fluxes smaller by a
factor of about 6 compared to OTGRB

Not consistent with the fireball model unless:

OT heavily absorbed by star forming region ?

Or located at z>5 (such that intragalactic gas will
absorb photons below Lyman limit)



GRB000210: BeppoSAX & Chandra

1"5am3e? 01 MEa™o0® 01 "esm 30T B"5e™ 0301 TRAMO0S B4 "5ET 303

* GRB localized by .
BeppoSAX. The
brightest ever
observed 1n y-ray peak
flux

 Simultaneous obs of
the X-ray afterglow
with Chandra.

e No OT >23.5



The host of GB000210?9

VLT: A galaxy
in the CXO error
box

VLA: radio
transient

VLT spectrum:
Host galaxy at
7z=0.83 (P1ro et al
2002)

there 1s at least
another dark
GRB associated
with a galaxy at
z<5 (GB970828,
Djorgovski et al
01)




Dark GRB 1n star-forming GMC:
GRB000210

Significant absorption .
above the galactic in Piro et al (2002)

X-rays. At z=0.85
NH=(5 Y1) 10?! cm

The optical spectrum 1s
depleted by about 2
mag compared to the
fireball model
prediction based on the
X-ray flux

Consistent with the X-
ray column density
with a dust-to-gas ratio
similar ot the galactic _ :

one - _ I_Il"n.'-..-l!:_lshll'1. |
Typical of a GMC | o
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X-ray flashes

: a new class
discovered by BSAX:
about 30% GRB’s with
no or very faint or
gamina-ray emission
(Sx/Sy>1).

GRB’s in high dense
medium (dirty fireball =
smaller Lorentz factor
(Dermer et al) or normal
GRB seen at large angles
(Berger et al, Woosley et
al., ..) or events at z>35- Heise et al 2001
10?




X-ray afterglows of XRF

* 5 fast follow-up obs of X-ray rich/XRF localized
by BSAX (see al Ricker’s talk on HETE2): 3 by
BSAX, 1 by BSAX+Chandra, 1 by XMM

* X-ray afterglows similar to normal GRB

990704,
Feroci et
al,00

1 (e 102 .77 104

Time (s



XRF host galaxies

» 2 of XRF localized by BSAX and followed

up by Chandra (1”position) show a faint
blue host galaxy (z<2) (Bloom et al 03)

XRF 011040 XRF 020427




GRB and Cosmology

The brightest (L., ,=10°3->* erg/s) and most distant sources in

the Universe (z=0.16-4.5)
They are bright enough to be visible out to much larger
distances than those of the most luminous galaxies &

quasars(in fact some of the constituents of mysterious classes
of GRB can be high-z GRB)

trace the evolution of metals 1s the Universe

Trace the dark matter structures in the z<2 universe by
measuring the WHIM (Warm Hot Intragalactic Medium)

Associated with star-formation (Iron lines, GRB-SN
connection, fireball evolution, OT 1n host galaxies)

They can pinpoint obscured star-forming galaxies (X-rays and
gamma-rays pierce through) and probe the region z=10-20
where the first stars & galaxies formed (current record holder
1s a qso at z=6.2)

Probing the reionization epoch (no proximity effect as in
QSO’s)



