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Spectroscopic redshifts

= They are the best distance indicators !

But...

= Out of 181 GRBs detected and localized by SWIFT, 51 laave
redShift(from http://www.mpe.mpg.de/~jcg/grbgen.himl
= Spectroscopic redshifts often require long observatiotis latige telescopes
= There are selection effects, e.g. dark bursts

= Additional distance indicators can be *very* helpful



‘Photometric redshifts’
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A bit of history

In 1997 the first measures of GRB distances indicat@adddispersion of
GRB luminosities

After 2000 many correlations are discovered (or re-disped), allowing the
‘standardization’ of GRBs

= Correlation Lag - Luminosity (Norris et al. 2000)

= Correlation Variability — Luminosity (Reichart et al. @D)

= Evidence for a standard energy reservoir in GRBs (Etal.2001)
= Discovery of the - E, relation (Amati et al. 2002)

= The E,.,- Lis, relation (Yonetoku et al. 2004)

= The E,.,,— E, relation (Ghirlanda et al. 2004)

= Multi-variable GRB luminosity indicator (Liang & Zharg005)

= A tight correlation among the prompt emission propemie®ng GRBs
(Firmani et al. 2006)



The standard energy reservoir

In 2001, Frail et al. computed the ‘true’

energy output of 17 GRBs.

They corrected the ‘isotropic equivalent
energy’ E, by the opening angle of the

jet, derived from the time of the ‘jet
break’ in the optical afterglow.

They obtained Fwith a much smaller
dispersion than E.
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Light curves
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Spectra - 1
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= The E,,— Eg,relation by Amati et al. (2001 & 2006)



Spectra - 2
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= The E,— Lis, relation, by Yonetoku et al. (2004)



and the afterglow...
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back to the prompt emission...
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i To summarize

= Various tight correlations allow to infer the intrinsicergetics (
L., or E.) of GRBs from a few observables

= Each correlation gives a luminosity indicator

= The observed correlations depend on the cosmology and, fo
some of them, on the assumed physics of the afterglowt(eg.
Ghirlanda relation)
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An excellent summary ...
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Accuracy

= The dispersion (standard deviation) of the bursts aroumeithpirical
relations is usually small. It varies frosr-0.06 dex (15%) t@~0.15 dex
(40%), depending on the correlation.

= The tighter correlations are [.-E T, 4, [EssEpeartbread: @Nd[E, — E .
But...
= The number of bursts used to calibrate these relations is shsal 20)

= To be used in the calibration of luminosity indicators GRBust have a
complete light-curve (.5 lags, variability), a spectrum measured over a
broad spectral range &3 a dense follow-up of its optical afterglow jE
and a redshift.
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E_peak

Are GRB luminosity indicators universal ?

10000 E I A B
RS 1 10° | )
o © o u
o % it ol
1000 = © o f oy - " 031203 2 :
O XK B . & |l
o SLd T
F o # %@ '% 981226 - TiglY -
B 5o <><>8 - ] — 10 | 980425 gt -4 |
L % G %O - o . i i?i:i
e 0 ° = L4 R
100 = & — a ] ; o i,
g B o ; S o R
r o & o b AR G
- N ] T phoateA
o )
© © o 10
o
10 o © - ‘ -
oo ] [ 7 e oso218
o ] Pl
T ] S 47 020003
> o i I
: ‘ ‘ ‘ ‘ ‘ 1 = | = ‘_1__, .{;1. m\l uum\{ \...\2. Iom \
49 50 51 52 53 54 55 10 10 10 : 10 10 10
10 10 10 10 10 10 10 ;
e Biso[10~52] erg
_Is

= No outlierin 19 HETE GRBs with a redshift and ap k



Outliers to the Amati relation ?
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GRBs and XRFs : OK, except ...
=  GRB 980425: clear outlier (too hard)
= GRB 031203: unclear

Short GRBs are clear outliers
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GRB 060614: SIBRB ??
GRB 060927: only GRB with Ep freWIFT
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Are GRB luminosity indicators useful ?

= GRB luminosity indicators have some advantages:

= Luminosity indicators based on the prompt emissioly can bevailable for a
large number of GRBs, and can be used to provide pseudo-redshifts as
surrogate of the redshift statistical studies. redshift distribution, evolution of
the Star Formation Rate (e.g. Schaefer et al. 200%d-Ronning et al. 2002,
Yonetoku et al. 2004), GRB classification...

=« Luminosity indicators based on the prompt emissi@am beavailable quickly,
they can be used for tlgiick identification of high-z GRBs

= Accurateluminosity indicatorscan be used tmeasur e the cosmological
parameters
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Quick identification of high-z GRBs

= Identifying high-z GRBs (z > 6-7) is difficult
= Afterglow identification requires highly sensitildR and/or X-ray observations

= The measure of the redshift must be based on tbegkiw because the spectroscopy of the
host galaxy is likely to be impossible (or veryfidifilt)

= In short, they require lauge observational effort

— A quick, reliable redshift indicator may be venjgfal to sort out high-z GRB
candidates

— Luminosity indicators provide ‘standard candleshieh can be used to compute
pseudo-redshifts (cf. talk by Alexandre Pelangeon)

but...
= Luminosity indicators have not been calibrated loelyp ~ 4

=  GRB evolution with redshift may affect GRB corredaits at high z
= Gravitational lensing can perturbate GRB correlatianisigh z
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GRBs & Cosmology
Towards the ‘standardization’ of GRBs

The accuracy of the best luminosity indicators ogkagossibility to use them
like standard candles for cosmological applications.

The relation between the redshift and the luminadigyance depends on the
cosmological parameters. Measuring the redshift ANDinlrinsic luminosity
allows in principle the determination of the cosmadafjparameters.

Problem of circularity: the correlations are estdigdd within a given
cosmology: we need a few events at z ~ 0.1.

All accurate luminosity indicators need, k&

Cf. review by Ghirlanda et al. 2006
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GRBs and Cosmology

Ghirlanda et al. 2006
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Perspectives (observational)

= SWIFT (- 2010): = GLAST (2008—):
Accurate light-curves, Accurate light-curves
Excellent X-ray follow-up Epeak

NO E,..(unless seen by KONUS) Little follow-up

28% GRBs with a redshift Few redshifts

= INTEGRAL (— 2008+):

- Light-curves, = SVOM (2011-):

= Good optical follow-up = Accurate light-curves,

= FewE, ., = Excellent optical follow-up

= Few % GRBs with a redshift = Eea
= TBD % GRBs with a redshift
= High-z GRBs...

On mid-term the launch of GLAST will increase the fractmSWIFT GRBs with B,
On the long term, SVOM has the potential to open a @@arfor GRB luminosity indicators

On the short term, wait for GRB with a pseudo-reds#fiftO !
21



Conclusions

Luminosity indicators provide reliable luminositigs long GRBs ¢ < 0.1 dex)

They (already) offer interesting potentialities &batistical studies and quick redshift
estimation.

On the longer term, they may become a valuableftwalosmological studies if new
instruments permit the accurate measuraldhe parameters which they need

Present day uncertainties include
= Calibration of luminosity indicators
= Existence of outliers
= Validity of indicators for high-z GRBs ?
= Theoretical insight ?

Luminosity indicators for Short/Hard GRBs ?
= Do they span a sufficient range of redshifts ?
= Do they follow Amati-like relations ?
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