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Gamma-Ray Bursts (GRB) are the rn()!.'t powerful C'osmologkal phenomena in the universe. 
with isotropic~uiv-dlent lumino."'iti~ up to 1 o'".3 erg s ·-1 an<l a redshift distribution cxten<ling 
from ....... Q. l up to at least -6.4. Thus, they a.Te a ,·ery promising tool for cosmologJ.·, comple.­
mr.ut.;uy to othf'r prob~ likt> SN Ia, dnr..1:eri-, BAO an<l thP. CMB. HowP\"P!~ GRBs ar'' not 
r..t . .wclard crmd)f'S. givt>:n that thf"ir lnmino.••ities. span SP.vr.ral orcif"rs of magnitndf". ewn whP.n 
coosidcring possible collimation anWes. In the recent years. several attempts to use the corre­
lcstiuu IJt:t~t.>11 tl1t: µl1otou c11ergr at wl1id1 tlu:• vF "spectrurn peaks C1Jeak e1u:rgy'") a11d tl1t' 
luU1i11osity ur ra<liatOO t"u~rgy tu "'sta.IJ<lan.li~~ GRBs &a<l use thc111 for the t>titimatt! uf (:OS.­

mologkal parameters ha,·e been made. These studi(."1; ~how that already with t.he pr~nt data 
GR13s can provide a significant <Wd in<lcpcndcnt l'onfinnation of rlM <0.5 for a ftat ACDM 
uniVl'rsc and that the mca..c:;urcmcnts cxpC'Ctcd from prt"SCnt and Til'Xt GRil cxpN'imcnts (r g, 
Surift. GLAST/GBM) will allow to COil$tr8in n.,, !h and hopelully to get du .. on dark 
r.ut!r~y t>V()li1ticm 

1 GRBs: the most luminous cosmological sources 

Gamma-Ray Bursts (GRB) are sudden /lashes of hard X-ray railiation (typically from a few keV 
to 1-2 MeV) c.oming at unpredictable times from random and isotropically distributed directions 
in the sky, lasting typically tens of s (but their durations range from tens of ms up to tho115a.nds 
of s) and det(.'(;ted with a rate of -0.8 event/day hy all-t>ky GRB experiment on hoard low Earth 
orbit satellites . A break-through in the study of these phenomena. occurred in 1!1!17, with the 
discovery of afterglow emission and of t.he first optical counterparts and host galaxies, leading 
ultimately to the determination (through optical spectroscopy) of their cosmological distance 
scale. Since then, the redshift was estimated for -130 GRBs, ranging from -0.03 to -6.4, with 
the exception of the ver:y pec·uliar GRB 980425, lying at z = 0.0008. This high redshift values, 
combined with the very high fluxes (up to more than 10-5 erg crn-2 s- 1, make GRBs the most 
luminous sources in the universe, with isotropic~uivalent radiated energies typically ranging 
from -10""° to more than -1054 erg. The standard scenarios for GRB progenitors. based on 
further observational evidences, arc core-<:olla.pse of peculiar massive stars for long (>1-2 s) 
ones and merging of binary systems made of two collapsed stars (~S-NS, !\"S-BH) for short 
ones. In both cases, but cspecia.lly for long GIIBs, the predominantly non-thermal emission is 
thonghl to b" originat.P.d by shocks bP.t.ween shP.lls wit.bin an nlt.ra-rP.lativist.iral (r>lOO) firP.ball 
made of pairs, photons and a small fraction of baryons, and/or by the shock of the fireball itself 
with the ISM 1 . 

As can be seen in Fig. la, the redshift di~t.ribution of GRBs extends much above that of 
cosmological probes like type Ia S:\e; this property, combined with the huge luminosities and the 
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Figure 1: Eiaa v~ rC'Clshift (left} and Ep,i vs. Eiso (right.) for the sample of 70 GRBs with known redshift and 
well defined time-inlegra.ted spectrum analyzed by Amati et al. (2008). Swift GRBs are shown as filled squa:re>. 

In the left panel: the present upper limit of the redshift disrihution of type la SXe is shown as a dashed line. 

fa.ct that X-ray measurements are not affected by the extinction problems typical of the optical 
ones, makes GRBs id<>.al sources for cosmology. For instance, they could be used to estimate 
comological parameters in an independent and complementary way to other cosmological probes 
(SN Ta, clusters, RAO, CMR, etc.), with particular sensitivity to dark-energy characteristk-s and 
evolution. However, as can be seen in Fig. l. GRBs are not standard candles, showing v-alues 
of the isotropic-equivalent radiated energy (E;so) which span several orders of magnitude. Even 
when applying a correction for the possible collimation angle inferred from the break observed 
in the optical light curve of ~20 GRBs, the luminosity / radiated energy spans at least 3 orders 
of magnitude. Th1L~, in orcl<>r to 1L«e GRBs as cosmological probes, a way to standardize thP.m 
has to be found. As I will discuss in the next sections, under this respect the most promising 
and investigated GRB property is the correlation between the "peak energy", i.e. the photon 
energy at which the v F vSpectrum peaks, and the radiated energy or IUininosity 2 . 

2 GR.Bs spectrum-energy correlations 

GRB prompt X/gamma-rny emission is characterized by non thermal spectra that can be de­
scribed by two smoothly jointed power-laws, with the high energy power-law usually substan­
tially stooper than the low energy oue. The empirical 111odel adopted to fit G RBs photon spectrn 
is the Band function, which is parametrized by a low energy index a, an high energy index f3 
and a roll-Qver photon energy E0 , typically ranging from -0.5 to -1.5, -2.1 to -3 and from 
a few tens of kcV to scYcral hundreds of kcV, respectively. The above values of the spectral 
indices imply that the vF vspectra of GRBs typically show a peak at a photon energy Ep= (2 + 
a) x E o , hence called "peak energy". Ep is a charact.eristic frequency in the standard models 
of GRB prompt emission, which are mostly based on synchrotron emission produced by fireball 
electrons in internal and/or external shocks plus possible contributions of Inverse Comtpton and 
direct or Comptonized thermal emission from the fireball photosphere. The bulk of long GRBs 
population, as measured by the BATSE experiment in the '90s, show Epv-dlue;; from ~so keV 
to 700-800 keV, but a sub-population of events showing low Ep values (down to a few keV or 
even less} and named X-R.ay Flashes (XRF} was later discoverd by BeppoSAX and HETE-2. 

For those GRBs with known redshift, ~130 up to March 2008, it is possible to compute 
the c.osmological rest-frame spectrum and thus derive interesting intrinsic properties like the 
intrinsic peak energy Ep,i = Epx (1 + z} and the total radiated energy in a "bolometric" energy 
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Figure 2: Left: \ 2value of the fit of the E., i - E;"'' correlation (70 GRils in the sample of Amati ct al . 2008) with 
it ~implP po~'P.r -law a.<> a. filllC'tion of thP vA.lnf> of !!f\1 a..c.;smn~d to comput.P. t.hP E;....,val1ws. Ilight.: ~imnlation.c; of 
the nM : n .\ contours expected by usin)!'; the E1. l - £...,correlation OD a future sample of 150 GRBs witb. known.;;: 

ond £,.; (from Ghirlandl\ et al. 2006) . 

range (the commonly adopted band is 1-10000 keV in the cosmological rest-frame) 

411' D2 j1Cl4/1+z 
E;,0 = -( --1) E N(E) dE erg 

1 + z 1/l+z 
(1) 

, where K(E) is the time integrated photon spectrum and Di is the luminosity distance. 
As ~'°' Ep.i is found t.o span several orders of magnitude, with a tail towards low energies 
correspondin!!; to the observed XRFs. In 2002, based on a still small sample of BeppoSAX GRBs 
with known redshift and Ep, Amati et al. discovered a very significant correlation between these 
two quantities Ep,i and E;so. This correlation, which is commonly called Ep.i - E;,;o, or "Amati", 
correlation, was confirmed and extended to XRFs by subsequent measurements (HETE-2, Swift 
, Konus-WIND; etc.) a11<l has the fuudional form 

Ep.i =K x ~. (2) 

, with m~0.5 and K ~95 2 • In the past, there were debates about possible select.ion effects 
affecting the correlation, introduced, e.g., by detection thresholds as a function GRB fluence 
and spectrum and/or the various steps leading to the estimates of redshift (GRB detection, 
follow-up, optical afterglow and/or host galaxy detection, optical spectroscopy). However, the 
fact that all long GRBs and XRFs v.ith known redshift and Ep, detected by several i11stn1ments 
with different thresholds. and in particular Swift GRBs, are consistent with the Ep,i - E.., 
correlation (except for the very peculiar, very close and sub-energetic GRB 980425) show that 
t.he impact. of s"1ect.ion P.ffoct.R is not. significant .. 

3 Estimating cosmological parameters 

Given that it links a cosmology-independent observable, Ep,i. to the total radiated energy E.., 
(or the luminosity), which obviously depends, through the luminosity distance Di, on the as­
sumed cosmology, the use of the t..j,,; - 1>;50 correlation for standardizing GRBs, in a way similar, 
e.g., to S~ Ia., is tempting. However, despite its very high significance, the Ep.i - Eiso r.orre-­
lation is characterized by a sir;nificant extrinsic variance. i.e., a scatter of the data around the 
best-fit power-law in excess t.o t.hat due t.o Poissonian ("intrinsic") fluctuations of the data. 
This means that, in addition to possible systematics in the estimates of Ep.i and E;,.,, there is 
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nn~ or morn "hidcl•m" variable, linkecl t.o GRB physirs an<l/or gP-om.,try, playing a not negligibl" 
role Thus, despite the correlation was discovered in 2002, the investigations of its use for cos­
mology started only in 2004, prompted by the evidence that by including as a third observable 
the time, th, at which the optical afterglow light curve of some GRBs breaks (i.e., the slope 
of its power-law decay becomes steeper), or by using the jet opening angle Oi inferred from 
lb assuming a standard afterglow model to compute the collimaiion--<:orrected radiatt~l energy 
E-1= EisoX [l-cos(Oj)], the extrinsic variance of the correlation shows a substantial reduclion 
(a fad.or of -2). Later on it was also found that another three-parameters spec:trum-,mergy 
correlation, the Lp,iso-Ep.i-To.45 correlation, based only on GRB prompt emission properties 
(Lp,iwis the isotropic~quivalent peak luminosity, 10 40 is an "high signal" time scale used for 
GRB YA.riability studies and is a fraction of the total GRB dnration) shows a lower extrinsic 
sea tter with respect to the simple Ep i -- Eiso correlation 3 . 

Given that all GRBs with known redshift and Ep,i lie at z>~O.l, these correlations were 
discovered by assu111ing standatd values for the cosmological parameters (typically Ho =0.G.'i-
0.70, llM=0.27--0.30, llA ~ l - ll:-.1). Thus. in order to avoid trivial circularity problems, they 
cannot he used directly to derive E;.., or Lµ ;50from Eµ ,; (and t; or To.45), construct an Hubble 
diai;ram and ht it with a cosmological moclcl. The most commonly adopted method consists in 
computing the Eiso values for each set of cosmological parameters (e.g. , for each value of l1~1 in 
the assumption of a flat universe), fii the correlation and obtain a x2 , or likelihood fundion, 
value 3.4 Values and confidence levels for the cosmological parameters are then obtained by 
U8ing d1i-i;<Jt1<<re or likelihood 8t.at.i8tks. In other words, the:;e rnetho<l8 a:;:;11111e t.hat a fractiuu 
of the scatter of the correlation depends on the assumed cosmological model. Other methods, 
based, e.g., on more sophisticated Bayesian approaches, have bee11 proposed, providing slightly 
more constrained values of cosmological parameters. 

As mentioned above. the first analysis of this lcind were performed basing on three-parameters 
correlations (Ep i - E-,, Ep,i - Eiso - tb, Lp iso-Ep,i-To.45 ) and provided results consistent with the 
·concordance cosmology" (i.e., a flat ACDM universe with lll\J-0.25-0.30) 3 . However, recently 
there were observational evidences that the extrinsic scatter of these correlations could be larger 
tloau thought before, au<l that the e:;tinrn.te oft.he third oh:;erw1hle (tb ut To 45) is llepemle11t ou 
specific assumptions. This prompted Amati et al. (2008) 4 to investigate the cosmological use, 
always based on the scatter method described above, of the Ep.i - Eiso correlation, which has 
the advantages of being based only on two observables, thus implying lower systematics and a 
much larger sample (e.g., by a factor of -3 with respect to the Ep,1 - E.., or Ep; - Eiso - tb 
correlations). As can be seen in Fig. 2 (left) for the case of a flat universe, the scatter oft.he 
Ep i - E;,0 correlation is indeed sensitive to flM and minimizes around 0 25-0.:30, in agreE>ment. 
with the "concordance" cosmology. By releasing the flat. universe hypothesis, the fl~, can still 
be constrained to be <0.5. but only an upper limit ( <1.1) can be set to llA. However, as 
can be seen in Fig. 2 (right), simulations show that, with the enlarged sample of GRBs with 
known z and Ep,i expected in the next few years by GRB experiments like Swift, Konus-WIND, 
GLAST /GBM and SVOM, tight constraints on llM and l1A, complementary to those from other 
cosmological probes (e.g., SN la, C~B, BAO, cln~ter~) will he ohtained. Moreover, given their 
redshift distribution, GRBs are the cosmological probes expected to be more sensitive to dA.rk 
energy properties and evolution. 
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