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€M, 9TO Bcenennas 3anmojHeHa TOJBKO MaTepHeﬁ.
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L~ ARSTRACT

Gamma-ray bursts (GRBs) are widely proposed as an effective probe to trace the
Hubble diagram of the Universe in high redshift range. However, the calibration of
GHBs 18 not as easy as that of type-la supernovae (SNe la). Most calibrating methods
at present make use one or some of the empirical luminosity correlations, e.g., Amati
relation. One of the underlying assumptions of these calibrating methods is that the
empirical correlation is universal over all redshifts. In this paper, we check to what
extent this assumption holds. Assuming that SNe Ia exactly trace the Hubble diagram
of the Universe, we re-investigate the Amati relation for low redshift (> < 1.4} and
high redshift (z > 1.4) GRBs, respectively. It is found that the Amati relation of low-z
GRBs differs from that of high-: GRBs at more than 3¢ confidence level, This result is
insensitive to cosmological models. We should be cautious when using Amati relation
to reconstruct the Hubble diagram of the Universe.

Key words: cosmological parameters — gamma-ray burst: general — supernovae:
general

1 INTRODUCTION
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. Comma roy bursts (CRBa) ore the most luminous cxplosions in the Universe cinee the big bong. The isotropic equiv

ST alent energy they released in a few seconds can be as large as 10*8 ~ 105 ergs. For recent reviews, see, e.g., ﬁ

- ,\'Imn.m 2002 [2006); [Kumar & Z}mnd 1‘211151] Thanks to their extreme brightness, GRBs are detectable up to redshift = 2 li
il |-| Fnr example, the most distant R known today is GRI 0904298, whose redshift is as high as = & 0.4

] >.: ‘ . Die to their high redshift properties, GRBs are often proposed as patential candles to trace the Hubhble
o,

I
1

diagram o’r‘ nhc Uni\mmr. in the high redshift range. In fact, GRBa have alrcady heen widely uacd, together with other candles,
such s type-la supernovae (SNe Ia), to constrain the eosmological parameters H il

2003 u, Dai & Liang [2005; |Firmani et all|2003; Liang & Zhang 2005 Firmani et al) [2008a; |Schaefer [200° it et al.
2 Lian A 2 'Wei & Zh 2009 |Wed 2010 [Wane, G & Dai [201 apozeiello et all|2012 [Wel, Wu & Meli
2013 [Velten, Manticl & Carneira|201% |Cai et al)|2013: \Bretén & Montiel 2013 |Chang et all|2014; [Cano & Takobsson/{201
Cuzinatto, Medeiros & de Morais|2014; [Wang & Wang|2014 |Wang. Dai & Liang|2015; [Li, Ding & Zhul2015). The consistent
Tuminasitics of SNe Ta. make them the ideal distanee indicators in tracing the Huhbl(‘ diagram of the local (low-redshift)
universe, However, since we have little knowledge about the explosion mechanism of GRBs, the GRB candle is much leas
standard than the 8N Ia candle.

Nevertheless, one can still calibrate GRBg using the empirical luminosity correlations found in long GRBs. These cor-
selsbivans unude Auati selsbivn (Bpeax — c..., ool 2003, 2006). Glislanda relativn (Epea — £}
412004), Yonetoku relation (Epexe — Lisa) Yuut.Loku et al[2004
#l[2005). Firmani relation (Th.as — Epear — Liso)

), Liang-Zhang relation (is —
. lag-luminosity relation

Epeax — Eiso} (L

* qemail: lintm@ihen.ac.on.
t e-mail: lixin1981Gcqu.edu.cn.
t e-mail wangsaifitp accn
§ e-mail: changz@ihep.ac.co.
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ACDM-momennp — craHgapTHag MoaeJ b KOCMOJIO-
run

ACDM — A Cold Dark Matter

(HekoTopnie) mapamMeTpbl CTaH/APTHOW Moaean
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— OT 3aMe/IJIeHUs K YCKOPEHUIO
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