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“..there are the ones that invent OCCULT FLUIDS
to understand the Laws qf ‘Nature. Tﬁey will come to
conclusions, but tﬁey now run out into DREAMS
and CHIMERAS neg(ecﬂ’ng the true constitution cj:’
ftﬁings.....

...however there are those that ﬁ'om the sim}ofest
observation @C Nature, tﬁey rqproafuce New Forces (i.e.

“New Theories)... ”

From the ’Prgface cf PRINCIPIA (11 Edition)
1687 by Isaac Newton, written by
“Mr. Roger Cotes




There is a ﬁmc[amem‘a( issue:

Are extragalactic observations and cosmology probing_
~the breakdown of General Relativity at large (1R)




The most im]oormnt cluesu’on in cosmofogy

How measun’ng the ‘Universe?

Cosmological equations tell us that this question
is related to another question...

Are there standard rulers, rods and clocks?

The traditional way to search j’br solutions is the
cosmic distance ladder




Distance scale (f vaﬁ’d’ity Average uncertainty

"Zero point: GEOMETRICAL DISTANCE INDICATORS:
THEIR OWN INTRINSIC UNCERTAINTY

T Tigonometric Jaam[fax 1 @pc
"Moving cluster
Secular parallax 1 kpc

0,1% a 1 pc, 100% a 1 kpc

5%
Statistical parallaxes

PRIMARY INDICATORS
INTRINSIC UNCERTAINTY PLUS ZERO POINT INDICATORS CALIBRATION UNCERTAINTY

“Main Sequence fit ~50 pc - 50 kpc 5%
K‘ZRLyme 1 Mpc
Cepheids 25 Mypc

SECONDARY INDICATORS
INTRINSIC UNCERTAINTY PLUS PREVIOUS TWO CALIBRATION UNCERTAINTIES

Type 11 SN (expading phtosphere method) 100 Mpc

1-5%
5%

20% (5% - 50%)
"Most bright blue supergiants 15 Mpc
“Novae (MMRD method) 20 Mpc

’ﬁ(anetary Nebulae 50 kpc - 20 Mpc

10%
209% (10% neighbour systems))
5%

Fluctuations (j: the smface En’gﬁtness 5 E}Jc - 130 Mypc 8%

Globular Clusters 50 Mpc 10%
T1 ully Fisher law 10 - 500 Mpc 159%

Fundamental plane 10 - 250 M}’C 5%

ﬁrigﬁtest galaxy clusters 10 - 200 Mpc

20%

Type 1a SN ‘Up to ~ 8 Gpc 5-15%




Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

3 “The” ﬁigﬁ precision Dark Energy & Cosmofogy mission
O Essential and unbeatable synergy qf imaging + spectroscopy
O FEuclid will impact the whole astrqpﬁysics and cosmo(bgy for decades to come




are poverfustagdard candles ..

SCP, HZT 1998 ’24;
v hardly detectable at z > 1.7 ‘j
v Degeneration in DE models ol
v Need of indicators at higher redshift e
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 Possible solution: GRBs
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V' Most yower:ﬁtf ex}albsions in the Universe
v Hints jbr structure ﬁ)rmation
v Observed at considerable distances

TIs it yossiﬁ&z to [fmme them into the standard qf’
> cosmological distance ladder?



v Several models give account for GRB formation and.
dynamics eg. (Meszaros, Piran 2006)..

v ...but none @"’ them fs in’crinsicaﬁy cayaﬁ(e qf
connecting all the observable quantities !

v...very flawed theory !
v currently GRBs cannot be used as standard candles

v' however there are several observational correlations
amonyg yﬁowmem’c and .y)ectm( properties that could
give cosmic distance indications.
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v’ E-iso is the isotrcyic energy emitted in the-
burst, while E-vy is the collimated

F-iso

v’ The collimation cmg[e is related to the
oyu’ca[ t-break
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A crucial joomt
«a more comyﬁex behavior of the (1 igﬁtcurves di ﬁ'érent ﬁ'om the broken yower-(aw
assumed in the past (Obrien et al. 2006,Sakamoto et al. 2007)

£A szgmﬁcant step forward in determining common features in the afterglow
*X-ray afterglow lightcurves of the ﬁA[T sample &f Swift GRBs shows that they may_
be ﬁtt'ec( By tﬁe same ana(yuca( eogoresswn (Wi nga e et a( 2007)
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Firstly discovered in 2008 Ey Dainotti, Cardone, & Ccyoozzw[[o MNRAS, 391, L 79D
(2008¥

Later uptdated by Dainotti, Willingale, Cardone, Capozziello & Ostrowski ApJL,
722, L 215 (2010)

L(T*,) vs T*, distribution for the sample of 62 long afterglows



nekmethgdology .

- Sam}o[é 177 cg’izzrg[ows, 66 [ong, 11 ﬁom 1C class (sﬁort GRBs with extended.

emission) detected By SWﬁﬁom January 2005 up to March 2009, namefy all the-

GRBs with good coverage @C data that oﬁey to the Wiﬂi’nga[é et al. 2007 model with
:‘ﬁ’rm recfsﬁfft.

. ’.Recfsﬁffts : from Greiner’s web page ﬁtgp://www.n@pemgpg.déﬁcg/grﬁ.ﬁtm[:
".Recfsﬁfft range 0.08 <z < 8.2

= Spectrum for each GRB was com}ouwf cfuring the y[atmu (see Evans et al. 2010
"Web page ﬁttjo://www.sw@(t.ac.uE/Eurst_anafyser/}

For some GRBs in the samyﬁz, the error bars are so fcgge that determination @( the-
observables (Lx, Ta ) is not reliable. Cl'ﬁerqfore, we study gﬁ:ects @C exc[ua(ing such cases
ﬁ'om the ana[ysis Qfor details see Dainotti et al, 2011, Ap] 730, 13 5D )

q-b stugé/ tﬁe (OW error suEsam}a[es we use tﬁe 'resyective [bgd?’ﬁ'ﬁﬂ’lic error 66”’5 to

ffm’ma y déﬁne tﬁe error energy}mmmeter

o(E) =(0y, +0y,)"



~ Pro mpt - afterglowsegrrelations .

Dainotti et al,, MNRAS, 418,2202, 2011

A search for possible physical relations between
~the afterglow characteristic luminosity L*a = Lx(Ta)
and

the prompt emission quanﬁu’es:
1.) the mean luminosity derived
as <L”j9>4 5—£150/‘1" *45
2.) <£”jo>90—szso/‘1" *90
3. <£”‘}7>‘Jja=ﬂi'iso/ﬂ" *p

4.) the isotropic energy Eiso
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log L', (ergfs) Correlation coefficients p [for for the long_
GRB subsamples

L*¥avs. <L*p>45 for 62 long GRBs
(the 0 (E) < 4 subsample).

o(E) = (0, +03,)"

With the varymg error parameter u

(L*a, <C*p>45) -red
(L*a, <£”fp>90) - black
(L*a, <L”ja>‘1j9) - green
(£*a, Fiso ) - blue
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Updating the GRB-Hubble diagram __, ...

- ==
= —em——— =T

» Allows to increase both the GRBs sample (83 GRBs vs 69) i
Schaefer et al. 2006

» reduce the uncertainty on the distance moduli u (z) of the-

14 9% Cardone, V.F,, Ccyoozzieﬂb, S. and Dainotti, M.G 2009, MNRAS, 400, 775C

o The use qf the HD with the Dainotti et al, correlation alone
or in conibination with other data shows that the use of GRBs
leads to constraints in agreement with previous results in
[iterature.

* A larger sample of high-luminosity ﬁCRCBs can provide a_
0

Valuable inﬁrmaﬁon in the search for the correct cosmolbgica[,

model



GRBs with well fitted afterglow light curves

obey tight physical scalings, both in their afterglow properties and in_
~the prompt-afterglow relations.

We propose these GRBs as good candidates for

standardize Gamma Ray Burst

to be used both
- to construct GRB physical models

- for cosmolbgica( ajo}o(icau’ons

- (Cardone, V.F., Capozziello, S. and Dainotti, M.G 2009, MNRAS, 400, 775C
- Cardone, V.F., Dainotti, M.G., Capozziello, S., and Willingale, R
2010, MNRAS, 408, 1181C)
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= Division tn-redshift bins for the uofateaf sample of 100

GRBs (with firm redshift an

0.033 < redshift < 9.4

- p=-0.73 for all the distribution
50 - 1. 0 =073 f ' 2<0.69 Black
s e | 0.69 <z<1Brown
~ 48; B e e _
E‘) :HPEH v
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- z>4.1Red
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T*a (s)

b= -1.62+0.2010 com}aan’ﬁfe with the yrevious ﬁt

From a visual inspection it is hard to evaluate if there is a redshift induced.
correlation. Therefore, we have applied the test in Dainotti et al. 2011, Ap], 730,
135D to check that the sfqpe qf every rec(sﬁfft bin is consistent with others. BUT
It is not enough to answer definitely the question.
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The more appropriate Flux (imit is the black dotted line Flux= 1.4 x102

In such a way we have 90 GRBs in total, but with an appropriate limiting flux



o The correlation La-Ta exists !

e It can be usgfu( as model discriminator amonyg several models
that yrecﬁ’ct the Lx-Ta anti-correlation:

/

* energy injetion model ﬁom a spinnin -down magnetar at the-
center of the fireball Dall’ Osso et al. (2010), Xu & Huang.
(2011), Rowlinson & Obrien (2011).

e Accretion model onto the central engine as the ﬂmg term.
powerhouse for the X-ray flux Cannizzo & Gerhels (2009),
Cannizzo et al, 2010

» Prior emission model for the X-ray plateau Yamazaki (2009)
» and the phenomenological model by Ghisellini et al. (2009).

* ‘For a correct COSMO[bgiC&l[ use tﬁe unevoﬂfed' 06561"\/616[65 are’

needed )
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GRBs @?’“ﬁﬁﬁm&%ﬁanw

Trme T e m e S SEETT

L = 47—‘-(1%(2:)Pb0[o ;
EA,.‘ - 471‘(1%(Z)»Sb()[()Fl)(fcz.srn(1 + Z)_l

- We would [ike to use GRBs to probe

N 7 / cosmological models, but we need to
adopt a cosmoﬁ(?ica( model to get the

l l GRBs Hubble diagram!
v

One can adopt 3 different strategies
to ta%z'é tﬁi}ﬂ;)roﬁﬂzm .




The simjo[est strategy is to assume a ﬁo[ucia[ cosmo[ogica( model,
as the \ CDM MODEL and determine its parameters By fitting, €4

the SNeda Hubble diagram. We set:

Qr =1 — Qs

EQ(Z) = Qar (1 + 2)? 4+ Qa

(Qar, k) = (0.261, 0.722)

2. ézlftﬁougﬁ the \ CD'M mooﬁa[ﬁ’ts remarﬁaﬁfy well the data, it is worth stressing
~that a di:ﬁcerent cosmolbgica[ model would give diﬁ(erem values for z& (z) thus

impacting the estimation of calibration parameters (a4, b,0,,)

look for model indijoenaﬁmt cgoyroacﬁes, e.g.:
By COSMOGRAPHY

(h, qo, jo, s0,lo) = (0.741, —0.56, 0.66, —0.41, 3.59)

3 REGRESSION TEECHNIQUE
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“The Hubblessaxgies. ., __

Connect the previous results with the Hubble series:

CcCZ l l ~ /\(2 o) 1
di(z7) = l+=[1l—golz—=|1—qgo—3¢g5+ jo+ ——= |27+ — |2 — 2q
L(z e { 5 | 701 6 |: 70 10 T JO 2,2 5 70

3 . L 2kc* (1 + 3q0) _
— 15(](2) — 15(](‘) +J )+ l(,)(]()j() + 50 + ]-[3(,3 :3 + O :',4) .
00

Where we have the cosmo rqpﬁic parameters
(Capozziello & 1zz0 A&A 2008)

| d 3 -3
H(t) =+~ — j(r) = +l d a 1 da
a di a dt° |a dt

q(t) = 1 (/“{1 L da)” (r) | d*a |1 dal|™
a di a di a a dr* |a dt



These parameters can be expressed in terms w= p/p
(#Jt?ﬁe dark energy density and EoS.

CPL yammetrizaﬂ’on: W(Z)pE = wo + W,2

l
| +2

3waz

E*(2) = Qu(l +2)° + Qx(1 + )™ F0e™Tor,

\E(Z-) - H/H,

We can evaluate the-

, 7 %
cosmographic parameters 0= =5 = =(1= Quwg
9
1 3 = 2= Q) [0+ (T = Q)] w
qo = = + = (1 = Qpy)wo , 4( m) [9+( MIWal Wo
[ 2 2 9 )
3 - I( 1 - S)M )(16 — 3g21\,[)l1'6
jo =1+ ;(l — QM) [3lt‘o(l + H‘O') + H‘a] 27

(l - S)M )(3 - SQM)H'S .

T
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Building up the-Hubble diagram ...

Let us calculate di' for each GRB by () = ( 1 Eiia )
Where S;)o/o = S poto/ (1 +2)

bolo

50 we obtain

_ o 1/2
107 (L) (—n )" /
A = 300keV (1+z)1day
1) e 47S”’
bolo

(1 + 2)a**[E (1 + 2)/100keV]*"/>

2) d;=7.575
) (S Z)()/OT[))1/2(1’1(‘)77)/)1/6

Mpc.

19—
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Examp [es cf comagwﬁﬁy 6%@ RBS ..uv

v Liang-Zhang relation (Liang & Zhang 2005) :
E (l + Z) ' I

log E;s, = a + by log 3’2)01{ v + b
e

v' Ghirlanda relation (Ghirlanda et al 2004) :

P

300keV

log £, = a+ blog

‘Where

1/8
| f, \/8 nomny
Ey = (1 — COS Q_j(er)Eiso 9./” =0.163 (1 + :) (Eiso.SZ



v Estimates of the deceleration. ierk and snap parameters

v Degeneration in jerk ;. 4 K dff eliminated for k = o
a

v Two different fits : \/l

0N - i ‘ fht ‘
RPN  Unpers

3
2) In[d(2)/(zM pc)] = Z b7
i=1

Constraints: » Hy ~ 70 £ 2 km/sec/Mpc
(Komatsu et al 2008)

s ACDM-universe (wg,w,) = (=1,0)
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2D empirical correlations fexduminosity distance, ..

Consider the genem[ case cf two observable quantities (x; y) related By a power - [aw
Telation which, in a [og - ﬁ)g yfcme, read%

Setting Yy = K d% ( z) one can then estimate the-
distance modulus as

logy = alogx + b

p=25+5logdr(z) =25+ (5/2) (alogx + b — log k)

1. |L-Epeak y = L = Fyear(1 + 2)/300
2. |L-Tjq y = L T = Tiag(14+2)71/0.1
3. [L-7gy y =L v = Trr(l+2)7"/0.1
4 [L-v y = L r=V(1l+2)/0.02

5. |E~y - Epeak y = E, r = Fyear (1 + 2)/300
6. |Eiso-Epeak Eiso = Ey/Fpeam = Epear(l + 2)/300

L — 47Td%(z)Pbo1o y
Eﬁ," — 47Td%(Z)SboloFbeaum(1 + Z)_l




Id N x?/d.o.f. (a,b, 0int )by a b Tint

e 20 / N Ae n+0.21 +0.41 / 1 +0.64 +1.14 N 1e+0.08 +0.16
Ca[iﬁmu’on dfd ceters L-Epear, 39 1.05 (1.05, 49.75, 0.46)  0.99T035 T048  49.617057 Thor 0467008 T019
P e - o p9 - 0 ‘ - Y- no+0.21 +0.44 N =o+0.57 +1.15 0.07 +0.15
! % s OWEWAEes [ -Fpcar 39 1.04 (1.06, 49.66, 0.47)  1.0270350 7095 49537050 015 0.47t0-0T +0-10
L-Epear 39 1.08 (0.95,50.00, 0.43)  0.847023 T047 50,0205 123 0457005 017
L-7iag 27 LOT  (-0.70, 51.60, 0.47)  —0.657(1g g7 5160702 ¥097  0.48¥508 519
L-Tiag 27 1.09 (-0.68, 51.57, 0.47)  —0.6470 1% T0-2%  51.60T007 TO-1T 0.491008 020
w / /7
ﬁ"[é tﬁe X quanﬂﬂes are- LTy 27 1.09 (-0.67, 51.67, 0.43)  —0.6270 15 T0-2T 51707000 018 0441007 010
s/
directly observed for each
s 4
GRBs, the determination of ¥ _ | i e et s o0 0
, , , L-7rr 31 1.16 (-1.09, 51.81, 0.45) 1.02Z07%g Zoar 518255705 Too - 04655706 Loy
(ettﬁe'r tﬁe ﬁtmmosny L or tﬁe—’ +0.25 +0.47 +0.04 +0.10 +0.08 +0.18
L-T 31 1.20 (-1.03, 51.78, 0.46)  —0.9270:2% T0-47  51.83T0-04 +0-10 481008 +0.1¢
/ RT ) ’ —0.24 —0.49 —0.07 —0.15 —0.07 —0.13
collimated energy E 7) needs ’
- ‘ S N +0.22 4+0.45 . +0.07 +0.14 +0.07 +0.15
fo r o Eje ct’s [uminos ity L-7rr 31 L.10 (-1.07, 51.88, 0.40)  —0.9775; Toyr 51887005 Too 04150706 Zoliy
14
distance.
L-V 37 1.10 (0.34, 52.60, 0.61)  0.3370-25 T0-13 52531028 +0.96 ¢ g0 10 +0-20
7 ‘ y 9@ 3 . 0.21 +0.49 9 pp+0.16 +0.54 .o+0.09 +0.23
The three methods allow us to L-v 37 100 (0.40,5265,061) 037055 Ty 52667050 Togs 0637005 ToTy
7 . oy 0 q
361' three diﬂ:%zrent Va[i/lesfbr Y L-V 37 110 (0.37,52.73,0.56)  0.3370:19 #0441 59.64+0:24 +0.52 g 57+0.09 +0.13

so that it is worth investigating
Whether this faCt has some- By -Epea, 14 1.17 (1.77,46.71, 017) 1711022 £044 47 514023 +1.01 5 95+0.07 +0.10
significant im}mct on the

/ ‘ =1 AR 1 +0.24 4+0.51 17 og+0.27 +1.10 +0.07 +0.16
librati 4 Ey-Epear 14 1.21 (1.71,46.80, 0.18)  1.627038 T0-21 47287027 110 0.2170 07 T0-10
calibration yammete'rs (a, A - 096 0.5 s 005 007 to1s
o ) or tﬁe Ey-Epear. 14 1.16 (1.72,46.81, 0.17T)  1.66Z475 To57 471610756 Jyay 02000007 Douy
int.
/ 7/

correlations qf interest. o o ‘
Eiso-Epear 40 0.79 (1.58,49.16, 0.52)  1.547527 7035 49.26T0-92 T1-0%  0.5170-07 021
Eiso-Epear 40 0.81 (1.24,49.57,0.52)  1.0070358 000 50.1670 50 T199  0.5270 0L T0Tg
Eiso-Epear 40 079 (1.22,50.03,051) 1047055 T070 50,0079 F10E 0.52400% F03




logy = alogx + b

To investigate this issue, we consider two oﬁﬁcerem‘ Jaossiﬁi[ities for the evolution with z

The calibration parameters (@, b, 0,,)evolve with the recfsﬁffr ?

Id XQ/(I.O.f. (a,b,c, 0int)bf a b «@ Tint
1, Y =« log (1 + Z) + aX + b L-Epean 1.08 50.77, 0.67, 0.41)  0.827020 50757002 0.68T0 L5 0.447000
L-Tiag 1.10 50.38, 0.88, 0.39)  —0.5770 17 50307055 0877030 0.4170 07
L-Trr 1.16 51.22, 0.65, 0.44)  —0.64703L 50977072 0767030 0471008
L-V 1.23 50.27, 1.07, 0.54)  —0.057035  50.2070-0L 10472 0.5770 0L
By -Epear, 1.37 7, 50.64, 0.00, 0.14) 14870328 50427021 0137031 0.20%00%
Eiso-Epeak 0.81 51.58,0.58, 0.48)  1.20703% 51577051 0587041 0.507000
2. Y =(ao+ a12)X + (bo + b12)
Id x?/d.o.f. (ao0,logay, bo,logb1,0int s ao bo log by Tint
L-Epear 1.12 (0.89, -2.60, 51.49, -0.21, 0.41)  0.897032 51.8770 00 —0.78T0 08 0.447002
L-Tiag 1.13 ,-4.43, 51.31, -0.07, 0.40)  —0.647)}0 51.617038  —0.287037  0.437) 0%
L-Trr 117 5, -0.08, 52.38, -0.70, 0.44)  —0.9570-32 52.4270-19 —1.81F 180 0.4770-07
2@ S 3 / c ‘ +0.41 Q= +0.39 ~+0.76 +0.10
L-V 1.36 (-0.15, -2.16, 51.40, 0.03, 0.52)  —0.10753} 51.857020  —0.77T018  0.5870 00
Ey-Epeak 1.70 , 0.04, 50.37, -0.56, 0.10)  1.40%032 50617005 —2.8675 3, 017008
Biso-Epeak 0.79 -0.23, 52.00, -0.15, 0.49)  1.270-23 52.5670%%  —1.73%543  0.507009
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'GRBs Hibbfediaggram ..

L = .
e e i
= -

1t is possible to both reduce the uncertainties and.
(yam’a[@) wash out the hidden systematic errors El_
avemging over the cﬁﬁ(erent correlations available for
a given GRB

(Cardone, choozzie[lb, Perillo MNRAS 2011).



T ESEm = o —— :; .

Updating the GRBHubble diagram...... ..

We add the £, - T, correlation with 7T the X-ray [uminosity at the time 7, and 7T,
a timescale cﬁamcterizi:? the late qﬁ'erg(ow cfecay. The use qf this new correlation
e

allows to increase both

u(z)

GRBs samylé and reduce the uncertainty on

Id .//\/’ U.b.(f‘, ] (S ,,,,,, (51*1773 C (SZ a+1a +?0 Ty +lo +?0 Y
(3, b, oine) ML : (6, 2) _lo —2 (oint) 10 ~20 ( Eﬁ, (1 + Z>/47TFbe(1 mSbolo
‘ - ‘ 2Q : 0.23 40.48 ‘ 0.11 40.28
Ey-E, 27 (1.38,50.56,0.25) 001 038 -0.17  1.3770352 7050 0307005 T03% L /47 Pyoro
I(z) =
) 1 E9 1A e ' y 1+0.18 +0.36 1o+0.07 +0.17
L-E, 64 (1.24,52.16,045) -0.05 051 007 1247018 T036 0487007 027 Lic(1+ 2)%+2 /ar Py (T2)
P < a
L-Tiay 38 (-0.80,52.28,0.37) 0.02 040 040  —0.80F013 T030 0407007 1021 L
L-trr 62 (-0.89,52.48,0.44)  0.04 047 027  —0.897018 T03L 0467007 T0-10
; 2 ED9 AG O AS . N e Ny N 1+0.39 4+0.60 N =140.09 +0.21
L-V 51 (1.03,52.49,0.48) -0.09 0.50  0.25 1047039 T0-59 0517002 To-2L i -
iso~*meak
Lx-T, 28 (-0.58,48.09,0.33) -0.12 043 -021  —0.58%)18 +0-38  .39F0-14 £0-33

Joining the Wiﬂi’ngafe et al. (2007) and Scﬁaqfer (2007) samjo(es and consic(ering that’
17 oﬁjects are in common, we end up with a cam[ogo @( 83 GRBs which we used to build.

+the Hubble di’agmm assuming a NCDM concordance cosmofogy. The £, - T,
correlation does not introduce any bias.
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\/m'ying the cosmofogica[ model: a[tﬁougﬁ not Joreferrecf Ey the data, a varyin&
equation of state (EoS) for the dark energy ﬁuicf is still a viable (and tﬁeoreu’caﬂl

better mou’va‘wd) oyu’on. A [arge class of dark energy models Jorecfict a cfejaec{ence
@C the FoS on the scale factvr a which is well ﬁttea[ Ey the Chevallier -Polarski -

Linder (CPL) ansatz (Chevallier & Polarski 2001; Linder 2003) :
w(a) = wo + we(l —a) =wo+waez/(1+ 2)

EQ(Z) — Q*\[(l + 2)3 + QX(l + Z)B(l—f—u'(_)—}—u'a)e_% QX — 1 . QA[

C ﬁanging the cosmological model used for the calibration has such a small im}aact
on the estimated u« (z and so on the ﬁna[ Hubble cfiagmm.




CPL parameterization works for the total matter-energy density.

Results agree with the ACDM model.

Transition epoch from deceleration to acceleration (z ~ 5 )

Presence of a phantom regime at present epoch (z << 1)

Need for a new parametrization of EoS more general than CPL?

Need for wide GRB samples, in particular GRBs at high
redshift (z=6).

Could the used relations be hints towards a GRB standard

model?



* GRBs are promising candidates to expand the Hubble diagram
up to very high z complementing SNeda.

» As the Phillips law is the basic tool to standardize SNefa, the hunt

for a similar relation to be used for GRBs has lead to different
empirically motivated 2D scaling relations.

o Circu(arity yroﬁ(em could be avoided using e,g. Amati relation)!

o Three di:ﬁ(erent methods to estimate the (uminosity distance:
1) a fiducial NCDM model, 2) cosmography, 3) local regression.

* We find that this three conceptually d}ﬁérent methods to estimate
~the [uminosity distance and hence calibrate the GRBs scaling
~elations lead to consistent results



» A redshift evolution of GRB scaling relation has to be
taken into  account.
» Cosmography suggests that GRBs are distance rulers (it is

premature the statement “distance indicators* as for SNela).
* Matching with other distance indicators like SNela, clusters,

giant ellipticals and CMBR, one could achieve a robust cosmic
distance ladder at any redshift.

» Improving the relation between GRBs observables to understand

physical mechanisms (a GRB physical model from cosmology??)

* H(z) is a powerful tool to discriminate among degenerate DE

cosmological models ( A CDM, f(R), quintessence, etc..)
see Diaferio et al. 2011,
» Degeneration could be removed at high redshift

Work in  progress!!!



