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Abstract. We propose an improved version of the redshift indicatoetigved by Atteial], which
gets rid of the dependence on the burst duration and proldtsr estimates for high-redshift
GRBs. We present first this redshift indicator, then itshraliion with HETE-GRBs with known
redshifts. We also provide an estimation of the redshiftS®rbursts, and we finally discuss the
redshift distribution of HETE-bursts and the possible otiggplications of this redshift indicator.
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DESCRIPTION

In 2003, Atteia proposedy = Ny/(Epeakx /Too) as a possible redshift estimat@y [1],
based on th&eax— Eiso correlation [R[B] linkingEpeai the intrinsic peak energy of the
v f, spectrum, and;s,, the isotropic energy radiated by the source in its rest éradm
addition, Yonetoku et al. have shown that #gax— Liso correlation was less dispersed
than theEpeak— Eiso correlation (2004)[]4].

The definition of our new redshift indicator is partly basedtbese two relations and
is written as X = nis/ep, wheree, is the observed peak energy amg the observed
bolometric luminosity in units of photons and in the 15 sead interval containing the
highest fluence. Thus, all the burst spectra are now doneesdine duration in the
observer frame.

To compute this estimator, the burst spectra are fit with adBandel [b] which gives
us the spectral parameters ; 3, Eg and the fluence in the energy rangg — E;| of
the detector. Then, as described in the paper of Atfialjg]theoretical evolution of X
with the redshift is computed for a “standard” GRB£ —1, 3 = —2.3, Eg = 250keV),
considering a “standard” cosmolog® = 0.3, Hg = 65 kms~1.Mpc 1, flat universe),
and finally the estimation of the redshift is deduced by camspa between the value of
X obtained for the GRB based on its spectral parameters,tantheoretical evolution
of X. In the following we call this estimationew pseudo-redshifhereaftemp2).

In addition, errors on pseudo-redshifts are computed :iderigg first the errors on the
spectral parameters obtained with the fit, 1000 values oXanulated, then 100@pz
associated are also calculated, and errorsimmnare so derived (the errors presented
hereafter are at 90% confidence level).
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FIGURE 1. Leftpanel:intrinsic dispersion of the two redshift indioes : Xo = ny/(ep x /tgo) (circles)
andX = nys/e, (stars)for 19 GRBs with spectroscopic redshift. Right panel : tie¢ioal evolution of the
two estimatorgdotted line for the previous indicator,solid line for thew one)etweerz = 0 andz = 20.

A good redshift indicator must essentially satisfy twoemia : its independence on
the bursts intrinsic characteristics, and its high depeoé®n the redshift.
Figure[l(left panel)shows that wheredgs, is extended on about 5 decades, the intrinsic
dispersion of the new quantity f6tars)is only 1 decade against nearly 1.5 decade for
the previous redshift indicatgcircles). In addition, the plot on the right panel shows the
higher dependence of the new redshift indicgsmlid curve)with the redshift, where
the difference between the two estimators becomes sigmiificaz > 1.
The redshift indicator is currently calibrated with 17 GRiBtected byHETE-2which
have a spectroscopic redshift, and 2 additional GRB%25and050603 detected by
Konus-Windg], [[]. The table on the figurf] 2 presents the results ofrtheobtained
with errors. We can notic&ight panel)that the redshift estimate is always better than
a factor 2 (lashed lines except forGRB051022vhich has a factor 2.15 and a small
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FIGURE 2. Left panel: redshift estimates for 24 bursts with known sfEescopic redshifts. Right panel:
ratio npz/z for 20 bursts with known redshifts.



error (see the arrow)We have yet to understand why this burst seems to be anmutlie
Without this last GRB, the standard deviation &= 0.11 dex We have also computed
the pseudo-redshift for 4 other bursts referenced in tieealitre [B[8] :GRB970508,
980326, 990712nd 991216 which have a duration similar to the one usedlGsec)

in the derivation of the npz.

STUDY WITH THE NPZ

A sample of burstswithout spectroscopic redshift

Taking into account all the long GRBs detected by BREGATEinstrument (6-400
keV) on-board of the satellitdETE-2which don’t have spectroscopic redshift, we have
computed a redshift-estimate for a sample of 34 bursts wiachenough statistics to be
correctly fit withFREGATEdata. The results are given in the table presented in figure 3.
The GRB redshift distribution is probably biased becaugh®tmall fraction of bursts
which have a measure of their redshift. We tried to deternfiti@s fact is confirmed
for theHETE-2bursts, and what could be this distribution if we had a hidreation of
GRBs with known redshifts. Thus, we considered the redslstribution of 3 groups
of bursts.

The first group is composed of BETE-bursts with redshift. This group has a cut in
its redshift distribution at z = 3.8igure [3, dotted line)Nevertheless, this cut seems
to disappear and for the second group composed diIEBE-GRBs with redshift or
pseudo-redshiftsolid line in figureB) the cumulative distribution of this group is fully
compatible with the group of 28WIFT-GRBs with measured redsh{figure[3, dashed
line). This result tends to show that the redshift-distributibM& TE-GRBSs is biased at
high-redshift.

Finally, we note that the sample studied contains few heglshift GRBs : 4 GRBs only
have a redshift higher than z = @RB010612, 030913, 031026d051009.

GRB npz GRB npz

010612 5.25+2.2 | 031109A 0.94+0.2 1
010620 0.91+£0.9 |031111A 214 £055

010928 3.64+14 |031203 217 +1.45

020127 221415 |031220 153+1.15 0.8f
020305 1.98+ 1.45 | 040319 179412
020331 221+ 15 |040423 1.26+1
020418 1441 040425 223 +£135 0.6k
020801 12141 |040511 1834125
020812 3.48+ 1.75 | 040700 1+0.8
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021014 39419 |040912B 29416
021016 28416 | 041016 3.49+175
021104 1.22+1.1 |041211B 329416 :
030418 3.07+1.7 | 050209 293416 0.2F -
030725 0.89+0.3 | 051008 5.23+22 ;
030823 084407 |051021 137412
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FIGURE 3. Left panel: redshift estimates for 35 bursts without refi¢eample of 34HETE-bursts and
GRBOSlOO&E]). Right panel : cumulative distribution functions fBlETE-bursts with redshif{dotted

line), SWIFT-bursts with redshiffdashed lineand a sample of 5BETE-GRBs with redshift or pseudo-
redshift(solid line).
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Commentson the npz and possible applications

Considering the most intense part of the GRBs seems a goodomMayprove the
pseudo-redshift based on the prompt emission. Indeed, domsider some examples
such asGRB010612and GRB031026they were previously found &= 9.5 and 14
[LJQ], compared to th@pzwhich now gives respectively.3 and 67, values probably
closer to the real redshift.

Moreover, it has solved the problemmiulti-peaksGRBs in which the background was
taken into account in the determinationtgjf, which had for consequence a biased value
of Xo. For example GRB020305%ad an estimation of.B8 [L0], and is now found at
1.98+ 1.45, in agreement with the spectroscopic constramnts 2.8, [11]).

Finally, if we consider recent determinations of spectopsc redshift for old bursts, we
can notice thaGRB030528z = 0.782, [12]) has a closepzof 0.64. ForGRB020819
we find a value ohpz= 1.21, not close to the real redshi#t-€ 0.41, [13]), but the error
(4 0.9) which is also large makes the estimation compatible vhighttue redshift.

The development of the pseudo-redshift finds several plessplications.

As the pseudo-redshift are rapidly computed, they can ®Wery quickly whether
the burst is at low or high-redshift, which permits to chotise appropriate way of
observation.

Other applications of pseudo-redshift could be the vetificaof the validity of
the Ep — Ejso relation found by Amati[[3] for a large sample of GREs][14].

Finally, having a large sample of GRBs with redshift (or mstiion) should let us study
some of their cosmological aspects such as their luminésitgtion or the evolution of
their rate with the redshift.
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