
  

Cosmography by Gamma Ray Bursts :Cosmography by Gamma Ray Bursts :
GRB as distance indicators ?GRB as distance indicators ?

Izzo LucaIzzo Luca

International Center for Relativistic Astrophysics - RomaInternational Center for Relativistic Astrophysics - Roma

in collaboration with S. Capozzielloin collaboration with S. Capozziello

Università degli studi di Napoli “Federico II”Università degli studi di Napoli “Federico II”

SIGRAV Cosmology School - FirenzeSIGRAV Cosmology School - Firenze  



  

Outlines

   Brief Introduction

         GRBRelationsused in thisworkand their
calibration

   -     BuildingaGRB Sn Ia Hubblediagram

  Data fitting

   ResultsandDiscussions

 Conclusions



  

Introduction

        Oneof themost importantquestion incosmology

      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   cosmological distance ladder



  

       We start from a very accurate standard candle

    Supernovae Ia

      > hardlydetectableat z 1.7
                                                      needof indicatorsathigher redshift

                                                                                       

      Mostpowerful explosions in theUniverse

      Originated fromtheblackhole formation

                              Observedat considerabledistances

Possible solution : GRB

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

       SCP - UNION

Kowalski et al. (2008)



  

         Several detailedmodelsgiveaccount for theGRB
 , . . (  formation e g Meszaros2006 ,     Ruffini et al2008)...

 ...     butnoneof them is  intrinsically   capableof
     !!!connectingall theobservablequantities

       currentlyGRBcannotbeusedasstandardcandles

...  ...but

   thereare several  observational correlations  among
        thephotometric andspectral propertiesofGRBswhich

      features themtobeusedas   distance indicators



  

ν
F(ν

)

    PeakEnergyof thespectrum

  -Optical t break

 -       E iso is the isotropicenergyemitted
  ,  -    in theburst whileE gamma is the

 -collimatedE iso
        Thecollimationangle is related to the

- ,        t break aswecansee in thenext
...slide

Observable Properties   
         of the GRBs



  

The relations used 
 -   (  &  Liang Zhang relation Liang Zhang2005) :   

 
   (    Ghirlanda relation Ghirlandaetal2004) :                                         

                                    

where



  

Calibration
      ...Necessary toavoiding thecircularityproblem

     (    CalibrationwithSupernovae Ia Liangetal2008) :  

 Workhypothesis

       Our relationsworkatanyz
                    At the samez GRBandSn Iahave thesame luminosity
     distance



  

Building a Hubble diagram

        Calcul ated foreachGRBl

                                                                                           Where soweobtain
                                                                                                    

1)

2)



  

The Hubble series

       :Connect theprevious resultswith theHubble series

     Wherewehave thecosmographicparameters

(Visser 2004 CQG) 



  

        Theseparameters canbeexpressed in termsof
     ...thedarkenergydensityandEoS

  : CPLparametrization

              Sowecanevaluate the
-C parameters

(Capozziello et al 2008 PhysRevD) 



  

Last step...
      Ifweconsider thedistancemodulus

       andsubstituting the luminositydistancedefined
, ...previously then

          westart tomake thedata fitting
         moreoverwecanestimatealso the snapparameter
           there isnoneed to transformtheuncertaintieson the

  distancemodulus (  2007)Schaefer



  

GRB data sample
 27    (GRBs fromthe Schaefer 2007)  sample

         Theerrordataareonlyofaphotometricnature

                            Weassume and

Courtesy 
Ghirlanda et al. 
(2004)



  

 Data fitting

    ,    Estimateof thedeceleration jerkandsnapparameters

                                        = Degenerationon jerk eliminatedwithk 0 

 Flat Universe

 :                                                                                                Constraint s (    2008)Komatsuetal                                                          
         

  : wider sample
27  GRB

+ 
307  UNIONSnIa 

 ConstantEoS



  

Luminosity Distance Modulus – 
Redshift diagram and bounds 
predicted at 3 σ confidence level 

          :NonLinearLeastSquares– LeastAbsoluteResidual



  

Testing the EoS parameters
           Knowingalso the snapparameter it is possible toestimate

  theCPLparameters

         : In this casewe relaxpreviousEoSconstraint

Results

       Thatwithin theerrorsagreewith the  CDMmodel
  '          but it doesn t agreewith theepochof the transition

-    :   acceleration deceleration z > 10                                    



  

         But thisestimatedoesnotagreeverywellwith the real 
   ...valueof theEoS

              <This is because themethodusedhereworksverywell onlyat z  1

We need a new method !!!
(Capaccioli, Capozziello, Covone and 

Izzo 2008 submitted)

  ...Starting fromFriedmann

  withsomecalculation...

      And ifweconsidera flatUniverse
     as theobservationsofmission like

     ...WMAPand theSupernovadatasay



  

...                                                      and theequality wehave

...          ...whichdirectlyenters in theexpressionof thedistancemodulus

          ,   and ifwe insert theCPLparametrization for theEoS weobtain finally

       Hubble function independent fromthedensityparameters
  '            ,   Wedon tuse theCPLparameters only for theDEcontribute but for

  -     the total energy matterdensityof theUniverse
     Test for theCPLparametrization



  

    :  +  Fitwith thedata GRB UNION   Sn Ia

       NonLinear LeastSquares –LeastAbsoluteResidual



  

Constructing EOS(z)

�

w = w0 + wa z/(1+z)
  <  W 0
     Inagreementwith the

  - observedphantom
    quintessence regimeatpresent

epoch
        Theepoch for the transition

 -         acceleration deceleration at
         = z 4.47909 ± 0.133  

   Quasar formationscenario ???
...   ...work inprogress



  

Coming soon
   4-  Tomographic representationsand ordergravity

 Noether simmetry A set of partial differential 
eqs whose results can be 
translated in tomographic 
representations...

(Capozziello, 
Izzo & Luongo in 
preparation)

  Application toconstraining  Application toconstraining
    (   )Braneworld RS type II (   )Braneworld RS type II
   ( ) f R theories( ) f R theories

(Izzo, Benini et al. 2009 in revision) 

...  ...preliminary results



  

Discussions and Results

       -  CPLparametersapplied to the total energy matterdensity

     Resultsagreewith the  CDMmodel

     -  (  Epochof the transitionacceleration deceleration z 5 ) 
         (  << Presenceofaphantomregime inourepoch z 1 )
         Needofanewparametrization for theEoS???
       ,     Needofawider sampleofGRBs inparticularGRBswith

  (  > higher redshift z 6 )



  

Conclusions and Perspectives

          Cosmography results suggest thatGRBscanbeusedas
 distance indicators

       ,  Matchingwithotherdistance indicators likeclusters red
   galaxiesand theCMB

      ,  Improving the relationbetweenGRBsobservables maybe
  ...withnewrelations

 ( )          H z obtained isapowerful tool todiscriminate theother
       standardcandlesandalso theseveral cosmological

 (models  ,  , ( ))...CDM BraneworldRS f R
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Some formula

 Gammafunction
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