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Motivation for bui]cling up the Hubb]e c]iagram behind the SNe]a

ul:)aéateé ca]ibrating tec}mique for the Amati relation

Building up the GRBS Hubble Diagram and testing Cosmo!ogical models

Discussion (a first “smell” of resutls from joinecl Qﬁ@s (GiRPs HD)
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A surPrising Por’crait of the ( Jniverse

[n 1998 two groups of astronomers Publis!ﬁc& first
results about SNc]a that hinted that the ( Iniverse
could be accclerating. Axctcr co”ccting more data
both groups comciclcntlg announced that theg
discovered that now the cxpansion rate of the
universe is accclcrating, Forcing to revise the

stanclarcl cosmological mo&el

1 ozen years after its unexpectec{ and
somewhat screnclipitous cliscovergj the
accelerated expansion of the universe is
taken for : ranted due to the food of
data from different astrophgsical Pro}.)es
conﬁrming it, and the question of the
cause of this Phenomenon is still
unsolved. A]though the spatia” flat
concordance AC DM model, mac?e out

of a cosmo]o%ical constant accountin%

|

4% for ~ 70% o s
NORMAL responsible of the cosmic speed up, IS 1N

the energy budget and
RIS full agreement with observations it is far
from free of any conceptual and
theoretical problems.




" Dark Fnergy
In genera] the accelerated cxPansion of the ( |niverse is now linked with existence of
dark energy with an cquation of state w, which should be smaller then —1 /3 for dark

energy to cause the accelerated cxpansion of the universe. When w=—1 dark energy
can be identified with the cosmological constant. Otherwise it can c!epen& on time.

. Cosmological constant

e Scalartensor theories
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*Mag be Dark Tinergy could contain both a constant and an evolving

component
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Dark | nergy investigation

: Tl‘xc nature of dark energy can be studied |

obscr\/ationaug.

v T]ﬁe observations are maml aimed at constrammg the

Dﬁ: = 05 Unclcrthe SimPlC et etficient CFL
(Chcva”xcr & Folarski 200 ] Lmder ZOO§>

Parameterization W = Wo +wa<i a) witha = 1 /(i +2) the
scalc Factor an& 7 thc re&sh Ft t%e main taks oF

obser\/ational cosmol059 has nowadags become to narrow

down as much as Possiblc the range for the (wo,wa)

Pa rameters.
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(1R s as distances

indicators

(i:RPBs have Euge luminositg, a redshift distribution extenoing
bogoncl SNela, and very high cnergy emission (no extinction
| Probloms).
. Umcortunatolg thog are not standard candles, because their
isotropic energy spans more than three orders of magnituclo.
e | heroad to the standardization is the existence of robust

Phenomenological correlations between spoctra and enorgotics in

GRPs.
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The }ip,i ~ T iso correlation :

In contrast to the lightcurves of (GRPs the

—
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M~ e oz 3 shape of their spectra is simple
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T ‘%& : he spectrum of (GRPs is nonthermal
| = 4‘%;# e j and can be emPiricaug described }39 the

j E’:‘Eﬁé@fa 535_ so-called Bancl ﬁmctionJ a broken

~ I T T T \Sdo

10 : T—_— n \\ ? x f »
;EEL?EEES;S“‘M%“" T?_“z‘—j ] power law characterizcd bg the ]ow~ :

} e %\ HHH Cﬂergg SPCCtral iﬂdex ané th@ l"lig!’]

e - T energy index .

108 i T T4 3 s

: = T3 —+—T T_‘o:brcak energg

[ o .| . - A e
- I ﬂj;i 3 }:-P =P ox(2+a)= Peak energy of the

f’v | nfn spectrum
w Hoalw 10111 11[ 1; 100

Photon Energy (MeV) r

The robust correlation between the observed Photon energy of Peak 5Pectral flux Bag
and the (GRP radiated energy is at the base of the (GRDPs [Hubble c!iagram. g




Eisn
1 = b+al
0g L erg + alog

, 9 10% /142
Eiso = 4nd"(2,cp)(1 + 2) [ EN(E)dE,
1/142

being N(E) the Band function:

A (moffev)a exp (%)
N(E) =

o— a—f
A(528) em(a—0)

Ep,i(l T z)

300 keV
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" they can be used as cosmological tools, once the 1

Cosmological im&cpcn&cnt calibration

p—— p——
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T helack of nearbg (1RPs induces the so called circularitg Problc—:m :

b correlation is

calibratéd, however the calibration Procedure seems to be assumed for
the calibration. In Princip]e, such a problem could be solved in several

way: it is Possib]e) forinstance, simu}:’zaneouslg constrain the calibration
parameters and the set of cosmological parameters bg considcring a
likelihood function defined in whole space (direct Product}.\/\/e use a
Proc&dure for calibrating the correlation in a way inéependent of the

Cosmologica] mocje], }39 applging a local regression techniquc-: to estimate

the distance modulus u<z> from the rc—:ccntlg uPcJated SNla samPle,
called the (Jnion2.1.
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?Cosmological independent calibration:the local regression Proce&ure can be

‘ schematica”g sketched as below:

 Set a redshift zwhere u(z) has to be reconstructed

. * Sort Union 2.1SNe-la sample (SNe-la collected and Fit with
{ a single lightcurve filter and uniformly analyzed) ts

'« Select the first n

" — NA/‘("\T T
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e fit a First order polynomial to the data
breviously selected and weighted, and use
| the 0% order term as best fit value of the
modulus of distance p (z)

-« evaluate the error o, as the root mean square
.~ of the weighted residuals with respect to the |
~ Dbest fitvalue




‘ GR155 Hubb e &iagram
| We include in the ca

ibration some power- law terms rePresenting the 2
evolution: |

3:50<Z> = (i i Z)L’}SO and gp(z} = (i 5 Z)L/DSO that |
L=l e laidf =] ol b

are the deevolved quantities

T g =T

i Ylog(oZ, 40 +ac")
3D e int Vi Xi
LReichart (a,kiso,kp,b,oim) i E log (1 +a2)

ax; — (kiso — ) zi — b)2

2 2 1 4262
05 +02 +-aog,

1 i —
4 EZ*’()’

. Once the correlation has been fitted, and its parameters have been

cstimated, we can now use them to construct the GRBS Hubble
diagram. Actua”g it turns out that

5 E,;
Slogdy(z) = (2) {b+alog {3001’1’;\{] + (kiso —aky, +1) x

log (1+z) —log (4Spoi0) + B}, i
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GR155 Hubble &iagram

]t turns out that
B=0.32

We also used the MCMC method to maximize the likelihood and
ran five parallel chains and the Gelman-Rubin convergence test.

We found that a = 1.8770°0%, kisp = —0.04£0.1; 0 =0.024+0.2;

Gine = 0.3570°0%, so that b = 52.87002. After fitting the correla-

tion and estimating its parameters, we used them to construct the
GRB Hubble diagram. We recall that the luminosity distance of

Vo sy ey B i,



; Cosmological constraints

Theoretically predicteda pulz,0) = 25+ 5108(1L(z,9) - ™ Set of cosmo parameters
"« In order to constrain the parameters specifying
{ different cosmological models, we maximize
the likelihood function
L(B) x exp [-x2(0) /2 ] and the x2( 0 ) is defined
as

NGRras . ”
We sample the space of parameters, by i @'n&{:iv' aLrléM&z(i"t)h_afH’S(érﬁc)J
the (ielman - Rubin diagnostic aPProach Ec%gtz:st thzo
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vergende. As altest |
Profbe, it uses the reduction factor K which is the square root of the ratio of

the variance between-chain and the variance within-chain. We Fina”g

ol s

extracted the constraints on the Paramcters bg coadding the thinned chains. :

R

T he histograms of the parametrs from the merged chains were then used to

P N

infer median values and confidence ranges




CPL Parametrization

68% CL 95% CL

Full dataset

(0.276, 0.291) (0.271,0.30)  0.267

0.055

(0.0446, 0.0473)  (0.0433, 0.0487)

(-1.25, -1.145) (-1.31,-1.12) -1.07

(0.5, 0.71) (0.44,0.94) 0.64

(0.689, 0.707) (0.681,0.714)  0.674

68% CL

No SNla

0.27 (0.25, 0.29) (0.234,0.31)

0.054 (0.045,0.068) (0.037, 0.06)

(-1.3,-0.84)

-1.06  (-1.18, -0.96)

0.73 (0.29,0.9) (0.15, 0.92)

0.671 (0.65,0.694) (0.668,0.703)




&(6) = (3t~ 2) + 4~ 3Ho]

. 2 (2(3H0 — 2)1‘2 +4— 3H0)

~ 3t((3Hy—2)t2+4—3Hy)’

_ (4—3Ho) ((3Ho —2)t* +4 —3H))

T~ /im v AVY L ATy 19 3

H(r)

Qu

Scalar field Quintessence @

68% CL 95% CL (x) 68% CL 95% CL )
b

Full dataset No SNIa
Q; 0.051 0.051 (0.503,0.0514) (0.049,0.052) 0.051 0.051 (0.0504,0.0514) (0.0498,0.0517)
Ho 0928 0928 (0.924,0.931) (0.92,0.936) 0.928 0.927 (0.924,0.931) (0.92, 0.936)
h 0.664 0664 (0.661,0.67) (0.657,0.676) 0.664 0.664 (0.661,0.6681)  (0.657,0.676)




Early Dark Energy

68% CL 95% CL 68% CL 95% CL

Full dataset No SNIa

0.286  0.287  (0.276, 0.281) (0.28, 0.294) 0.285 0285 (0.271,0.298)  (0.258, 0.312)

0.0417 0.0423  (0.040 0.0432) (0.037,0.044)  0.0379 0.0379
-0.679  -0.6 (-0.85, -0.56) (-1.33,-0.5) -0.65
0.022  0.0223 (0.0215, 0.0231)

(0.0344,0.04)  (0.0319, 0.044)

063  (075-053)  (-0.85,-0.50) O Qo) +
:
0671  (0.657,0.686)  (0.645,0.71) Negrt1].

(0.0206, 0.0237)  0.0293 0.0292 (0.0286, 0.297)  (0.0283, 0.03)
0.716  0.714  (0.706, 0.727) (0.70, 0.747) 0.671
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Cosmological constraints

To compare these models we assumed that the CFL is true and
checked the occurrence 016)( ED[_:/QU,M@SS@,TCC 2 Pl vargmg the

Parameters SPGECHCiC of the D and scalarmciel model respec-
tive] ]t turns out that the [~ D I© and the scalarfield qumtcssence
are slightlg Favored b the Present data Wlt!"l grequcncg greater
than L% for the scalamci@lcl and with a Frec uency greater than 80%
resp ectivel Moreover it is worth notmg that, also without the

SN]a the GRBS Hubble diagram is able to set the transition

region From the cleceleratccl to the acceleratcd expansxon N a” the

tested cosmological mo&els
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( _onclusions

—— v

e TJhe ?:Pf:iso correlation has signhcicant :
implications for the use of (GRPs in cosmolog'g. Here we take f
into account a Possiblc redshift evolution
effects of its correlation coefticients.(Our results confirm
That {
e the correlation shows, at this stage, only very weak f‘

indications of evolution. o
e | he GRPs D indicates an evolviﬂg dark energy, e

as favoured Dark j;nergg models

. Amazing results can be expected bg ajoined anal95i5

of QSOS and GRBS Hubblc diagram
(cosmographg could be updatecD
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Thanks a lot for your kind attent
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