'SIGRAV Cosmology s,.:-.-,--ao;.,mrenze_ ~

¥ -

TR e Y

Cosmograp *' - Ray Bursts ff77'
GRB a Jdi d1cators ?

_ 3 < -.-‘-__‘.:." 1 ‘?1 . . 'I . ' . .
- International CenitersfortRelati Asiti S1CS - Roma

PREE AR

s : .,

Ve . 1n co

Un1ver51ta dA hif\'



Outlines

Brief Introduction

GRB Relationsused inthis workandtheir
calibration

Buildinga GRB-5Snla Hubblediagram
Data fitting
Results and Discussions

Conclusions



Introduction

One ofthe mostimportant question in cosmology
[ How old is the Universe ??? }

Several answers to this question in the literature
(one for all Rowan-Robinson 1985)

But the Friedmann equation tells us that this question is related with
another question...

[ What is the thermal history of the Universe ???}

The traditional way of presenting the solution to these
problems is the use of the cosmo/ogical distance /adder




We start from a very accurate standard candle
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”p ernovae ia Kowalski et al. (2008) é‘zof—
hardly detectable at z>1.7

need of indicators at higher redshift f - o

Possible solution : GRB

Most powerful explosionsinthe Universe
Originated from the black hole formation
Observed at considerable distances

...frame them into the standard of
cosmological distance ladder ?



Several detailed models give accountforthe GRB
formation ,e.g.(Meszaros 2006 , Ruffinietal 2008)...

..butnoneofthemisintrinsically capable of
connecting all the observable quantities ||

currently GRB cannot be used as standard candles
..but ..

there are several observational correlations among
the photometric and spectral properties of GRBs which
featuresthemto be used as distance indicators




Observable Properties
of the GRBs
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“E-isoistheisotropic energy emitted -
inthe burst,while E.gamma isthe
collimated E-iso
‘The collimationangleisrelatedtothe .. . ...
t-break,aswecanseeinthenext e
slide...




The relations used

Liang-Zhang relation (Liang & Zhang 2005):

Ep(l +2) + b 1o [y
300keV 208 (1 + 2)lday

log E;s, = a+ by log

Ghirlandarelation (Ghirlanda et al 2004 ):
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logE, =a+ blog
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Calibration

Necessary to avoiding the circularity problem...

Calibration with Supernovaela (Liang etal 2008):

Work hypothesis

-~ Qurrelationsworkatany z
- Atthesamez GRB and Snlahavethesameluminosity
distance

Relation a b
E,-E, 5226 £ 0.09 1.69 +0.11
Eiww—E,—1, 5283+0.10 2.28 +0.30
-1.07 £ 0.21




Building a Hubble diagram

]

Calcul ate d; foreach GRB | >d/ :( Eiso )

/
47TS bolo

/

Where Sbo/o = S poto/(1 +2) soweobtain

[ na [ Ep(1+2)\P1 ) by 11/2
10 ( 300keV ) ((1+;)lda}~)
1) d; = =
bolo |
(1 +2a*P[E,(1 +2)/100 ke V]*/3
2) d;=7.575 / Mpe

(S bﬂ.’orb) l /2(}/3077’)/) 176



The Hubble series

Connectthe previous results with the Hubble series:

Sl

1 | _ ke 1, 1
dr(z) = 7 {1 +5 [l —qolz— < [1 — qo — 3¢5 + jo + Hgaﬁ} "+ 74 [3 — 2q0

F

, L . 2ke? (1 + 3qo) ,
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(Visser 2004 CQG)

Where we have the cosmographic parameters

| da 1 Pa
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These parameters can be expressedinterms of
the darkenergy densityandEoS.. yw = p/p

|
l +z

CPL parametrization: w(z)pg = wo + w,2

311;:{:

E*(2) = Qu(1 +2)” + Qy(1 + gy’ Tmotva =T,

\E(a) = H/H,

[So we can evaluate the } o = —2 = 2w

C-parameters 2
(1= Q) [9 + (7T = Qy)wa] wo

(Capozziello et al 2008 PhysRevD)
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qo = 5 - E(l — Qp)wo _ Z(l — Q)16 = 3Q,)w;

3 27 .
jo=1+ 5(1 — Q) [Bwo(l +wo) + wg] - ?(1 — Q)3 = Qppwy .



Last step...

If we considerthe distance modulus

S
u =25+ (10 In|d; /(1M pc)] + 25

and substituting the luminosity distance defined
previously,then...

p

> we start to make the data fitting

>moreoverwe can estimate alsothe snap parameter
>thereis no needtotransformthe uncertaintiesonthe
distance modulus (schaefer 2007)

(S /

\




GRB data sample

27 GRBs from the (Schaefer 2007 )sample
The errordata are only of a photometric nature

Weassume 7, =02and o, =0

Courtesy
1 055 Ghirlanda et al.
(2004)




121

Data fitting .- S
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Estimate of the deceleration,ierkand snap parameters

- s

Degenerationonjerk jo+1+ ﬂf eliminated withk =0
0
Flat Universe
Constraints: Hy ~ 70 £ 2 km/sec/Mpc (komatsu etal z008)

Constant EoS (Wo, wg) = (—1,0)
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NonLinear Least Squares - Least Absolute Residual : W, |f - ]
N 1=l
o Jo+Q 50 (p Q)
-0.68+0.30 0.021£1.07 339+ 17.13 :> 0.37+031 0.63+1.13
-0.78+£0.20 062+086 832+12.16 0.28+£0.30 0.72+1.09
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=
»
I

'
N
T

Luminosity Distance Modulus —
Redshift diagram and bounds 2
predicted at 3 o confidence level :

Distance Modulus
=
=

=Y
o

wW
o

wW
[=2]

w
=

| | | | I
0 1 2 3 4 5 6
Redshift z




Testing the EoS parameters

Knowing alsothe snap parameteritis possible to estimate
the CPL parameters

In this case werelax previous EoS constraint
(40, W) # (=1,0)
Results

wo=-033+£064  w,=039+0.77

That withinthe errors agree withthe ACDM model
butitdoesn't agree with the epoch of the transition
acceleration-deceleration :[z > 10}




Butthis estimate does notagree very well with the reg/
value ofthe EoS...

“Thisis becausethe method used here works very wellonly atz < 1

> We need a new method !

(Capaccioli, Capozziello, Covone and
|zzo 2008 submitted)

Starting from Friedmann...

~ 2
H2 = 8.:?(:!_} ke with some calculation...
3 a’
S(w+1) 2
7 7 - a ) ' - 4
H = H [gzo(—“) — (Q - 1;(—“)}
a a

Andifwe consideraflatUniverse C h

as the observations of mission like k=10 Qp ~ |
WMAP and the Supernova datasay...

. /




a N ) YT
..andthe equality 0 =1 +7 wehave H*(7) = Hﬁ(l _|_E)JH+IJ
a

andifweinsert the CPL parametrization forthe EoS,we obtain finally

H(z) = Hy

Y —3w,z
(] +E)§{“”+H”+I’]e}(p a
2(1 +2)

..which directly entersinthe expression of the distance modulus...

_ ‘ (T dE
w(z) = =5+ 3Slogdi() @ =c(l + z}‘f 18]

* Hubble function independent from the density parameters

* We dontuse the CPL parameters only forthe DE contribute ,butfor
the total energy-matterdensity ofthe Universe

* Testforthe CPL parametrization
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Fitwiththe data:GRB + UNIONSn la

Non Linear Least Squares - Least Absolute Residual

GRB + Snla data fit - 2nd fit
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Relation Wy W, R-square

Snla —0.9097 £ 0.07  0.7546 £ 0.054 0.983
LZ -1.39+0.38 1.18 £ 0.37 0.817
GGL —1.46 £ 0.38 1.36 £ 0.32 0.812
LZ + Snla —1.05 £ 0.08 0.88 + 0.07 0.970

GGL +5nla  -1.19+0.12 1.02+0.11 0.968

0 1 2 3 4 5 6

Redshift z



Constructing EOS(z)

w =wO0 + wa z/(1+2) cW <0

* Inagreementwiththe

-0182p observed phantom -

ol quintessenceregime at present
[ ) epoch

Soassk )/ * The epoch forthe transition
- acceleration -deceleration at

-ossp z=4.47909 + 0.133

IEDDI | Ial[IIIII | IEIZIDI | ISDDI | IIDL‘JL‘JI | ﬁ
Quasar formation scenario ???
..workin progress...




Coming soon

Tomographicrepresentations and g-ordergravity

Jrir) = y—pr 2
V() |1]:f[1ij| [W Ys s ) dydi capozziello,
|lzzo & Luongo in
preparation)
LxL=0—=XL=0.
Noether simmetry A set of partial differential

eqgs whose results can be
translated in tomographic
representations...

_-IH:-“ .H.,”

Wia, z) ~

: Ma. z)
1+ = Wia,2) x 2(Owy + 18) + 1
L L o
Application to constraining @
* Braneworld (RS typell) .
. ..preliminary results...
* f(R)theories P Y

(Izzo, Benini et al. 2009 in revision) ~



Discussions and Results

CPL parameters appliedtothetotal energy-matter density
Results agree withthe ACDM model

Epoch of the transition acceleration-deceleration (z=5 )
Presence of a phantom regime in ourepoch (z <<1)

Need of a new parametrization forthe EoS ??7?

Need of a widersample of GRBs,in particular GRBs with
higherredshift (z>6 )



Conclusions and Perspectives

Cosmography results suggestthat GRBs can be used as
distanceindicators

Matching with otherdistance indicators like clusters, red
galaxiesand the CMB

Improving the relation between GRBs observables, maybe
with new relations...

H(z)obtained is a powerful tool to discriminate the other
standard candlesandalsothe several cosmological
models (ACDM, Braneworld RS, f(R))...
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Some formula

SSE

R— square=1 - VR

<2

n
SSE = Z wilyi — i)
=1

Gamma function

I + 3wy + 3w,

'
SST = Z wilyi — 73)°.
=1

3w,

3w, ) .

2

21+ 9

&=0
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