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GRB Cosmology

COSMIC TIME LINE
. FROM THE DARK AGES...
LI ke Q S O After the emission of the cosmic microwave background radiation (about 400,000 years after the
big bang], the universe grew increasingly cold and dark. But cosmic structure gradually
. evolved from the density fluctuations left over from the big bang. uN‘\'F-ARS
Like SN
Star formation
Big = ‘
. . . bang ~ "
Reionization
Er_niséion of _
Metal B S~
First supernovae
... TO THE RENAISSANCE and black holes
D a rk e n e rgy The appearance of the first stars and protogalaxies Aotackol Protogalaxy

mergers

Firststars

[perhaps as early as 100 million years after the big bang) set off
a chain of events that transformed the universe. Z ~ 6—6 0 Modern galaxies

Larson&Bromm 02 G R B

GRBs are useful

z~(
for probing high z QSO, galaxy —
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Need for 8-10m telescope
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Figure 3: The R-band magnitude of
the optical afterglows as a function of
the time after the burst at which the
spectroscopic observations were ob-
tained. Only included are Swift bursts
for which we have measured the
redshift (using primarily the VLT, but
also NOT, WHT and GEMINI). The
colour bar at the top indicates the col-
our code for the measured redshifts.
The dashed line marks a magnitude of
R = 20 which is roughly the spectro-
scopic limit for 2-4-m telescopes for
detecting absorption lines. As seen,
most afterglows are fainter than this
limit when observable.
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recently claimed by Stanek et al. (2006). We have done the

same analysis, using a much larger sample, and the ~-ray

energies I;s, provided by Amati (2006) and Amati et al.

(2007), assuming isotropic emission. The correlation 1s not We are
confirmed (Figure 17), not even for the subsample of 5 hosts nOt S afe"?
used by Stanek et al. (2006). In fact, this is mainly carried o
by the metallicity of the GRB 030329 host, for which Stanek

et al. (2006) found 12 + log(O/H) = 7.9 using the Ro3

calibrator. We derived a more reliable O3N2 metallicity of

12 4+ log(O/H) = 8.25.
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= & X-ray Afterglow

Puzzle raised o Kumar+ 08
. In the Swift era
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Figure 2: The panel on the left shows a schematic x-ray lightcurve with the following four segments: a
prompt emission phase, a steep decline phase, a plateau phase, and a post-plateau phase. For the three
GRBs considered in this work, the last phase has a steep and sudden decline. The panel on the right out-
lines our proposal for how the different segments in the LC are related to the accretion of corresponding
zones in the progenitor star. The radii () and spin parameters (fo = (2/€2;) of the various zones are
estimated from the x-ray data.



Runaway massive star?
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Zero-metal host
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GLAST has launched!

11 Jun 2008
GBM: 0.008-30MeV, 8sr, 1°res
LAT: 0.02-300GeV, 2.5sr, 5°-5're:

-7

107 ¢ :
5 slgma 50 hours, } 10 events
- EGRET |
.
AMS Cal S~ ]
- o AGIELE

'
=]

S CELESTE, ]
Crab Ifebula STACEE 3
. ;

-
(]

=]

_,
CDI

Integral flux (photons em™ s )

107
18
VERITAS —7
10713 D — Large field of VIC\J;J experiments 3
e Cerenkov d-:t-:ctors in operation
e Past experiments | HEGRA HESS |
_— Futurc cxpcrlmcnts 1
10‘4 P . - SN W A

10" 10' o 10° | I V 10*
AM.v 1ﬁﬁv Photon Energy (GeV)




LAT First All-Sky Map
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GBM First GRBs

31 GRBs per 15t month (= 372/yr)
Sensitivity as predicted (& F %L\ ?)
Within a few degrees of Swift calculations
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FIG. 1 (color online). Models of cosmic-ray source evolution
(i.e. yield vs z, normalized to I at z = 0). From top-to-bottom,
the metallicity-dependent GRB rate density (this work), the
quasar (QSO) evolution model used in Refs. [11,55], and the
fit to the cosmic star formation history (SFH) of Ref. [19].
Models similar to the latter two have been frequently used in
cosmic-ray studies.
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FIG. 4 (color online). Expected (all-flavor) cosmogenic neu-
trino fluxes assuming various evolution scenarios. From top-to-
bottom, are the fluxes resulting from the strongly evolving
(metallicity-dependent) GRB rate density, QSO-like evolution,
and the SFH. Shown for comparison are the Waxman-Bahcall
bound (shaded band) and the expected sensitivities for ANITA
(diamonds) and ARIANNA/SalSA (triangles).



F=ED

Developments in the Swift era
- GRB 050904 @ z=6.3
- z-distribution = ~10%7? @z>5
- Distance indicators
- Afterglow (Naked-eye GRB, Few optical flashes)
- Low metal host

GRB cosmology In the Fermi+Swift era
- Star formation rate
- Reionization
- Chemical evolution (atom, molecule, dust)
- Dark energy
- IR background
- Magnetic field (Faraday rotation, Pair echo), ...
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