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Om3 



Era of Precision Cosmology 
   Combining theoretical works with new measurements and 

using statistical techniques to place sharp constraints on 
cosmological models and their parameters. 

Initial Conditions:  
Form of the Primordial 
Spectrum and Model of 
Inflation and its Parameters 

Dark Energy: 
density, model 
and parameters  

Dark Matter: 
density and 
characteristics 

Baryon density 

Neutrino mass and 
radiation density 

Curvature of the Universe Hubble Parameter and 
the Rate of Expansion 

Epoch of reionization 



Standard Model of Cosmology 
   Using measurements and statistical techniques to place 

sharp constraints on parameters of the standard 
cosmological models. 

Initial Conditions:  
Form of the Primordial 
Spectrum is Power-law 

Dark Energy is 
Cosmological Constant:    

Dark Matter is Cold 
and weakly 
Interacting:  

Baryon density 

Neutrino mass and 
radiation density: 
assumptions and 
CMB temperature 

Universe is Flat 
Hubble Parameter and 
the Rate of Expansion 

Epoch of reionization 

!b

!dm

!
"
=1#!b #!dm

ns ,As

!

H0



Beyond the Standard Model of 
Cosmology 

•  The universe may be more complicated than its 
current standard model (Vanilla Model). 

 
•  There might be some extensions to the standard 

model in defining the cosmological quantities.  
 
•  Wrong assumptions on any of these cosmological 

quantities can affect our estimations of the other 
parameters.   



Parameter estimation within a 
cosmological framework 

Tables from NASA - LAMBDA website 

Harisson-Zel’dovich (HZ) Power-Law (PL) PL with Running (RN) 

Assumptions from the early universe 
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Parameter estimation within a 
cosmological framework 

Tables from NASA - LAMBDA website 

Harisson-Zel’dovich (HZ) Power-Law (PL) PL with Running (RN) 

Assumptions from the early universe 



Dark Energy Reconstruction 

•  Any uncertainties in matter density is bound to 
affect the reconstructed w(z).    

H (z) = d
dz

dL (z)
1+ z
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Shafieloo et al, MNRAS 2006 ; Shafieloo MNRAS 2007 

Assumptions from the early universe can affect 
reconstruction of the late universe. 

Quite tricky to work with 
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Sahni, Shafieloo & Starobinsky, PRD 2008 

Future SNAP data 

Clarkson, Cortes & Bassett JCAP 2007 

Shafieloo & Clarkson PRD 2010 

P-value = 26% 



•  Cosmographic Degeneracies would make it so hard to 
pin down the actual model of dark energy even in the 
near future. 

Indistinguishable from each other 
and from LCDM.  

A. Shafieloo & E. Linder, PRD 2011 



•  Instead of looking for w(z) and exact 
properties of dark energy at the current 
status of data, we can concentrate on a 
more reasonable problem: 

 

Λ OR NOT Λ

Changing the strategy: 

Yes-No to a hypothesis is easier than characterizing a phenomena 
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Om diagnostic 
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We Only Need h(z) 

Om(z) is constant only 
for FLAT LCDM model 

Quintessence 

w= -0.9 

Phantom 

w= -1.1 



WiggleZ collaboration 
C. Blake et al, arXiv:1108.2637 (Alcock-Paczynski measurement) 



SDSS III / BOSS collaboration 
L. Samushia et al, arXiv:1206.5309 



Model Independent Reconstruction of h(z) 

Smoothing SN Ia data 

Gaussian Processes on SN Ia data   

Real time cosmology, redshift drift 

Age of passively evolving galaxies 

Volume distance from baryon 
acoustic oscillation measurements 



Model independent reconstruction of h(z) from SN Ia data 

Crossing Statistic + Smoothing Gaussian Processes 

A. Shafieloo, JCAP (b) 2012 A. Shafieloo, A. Kim & E. Linder, PRD 2012 



Model Independent Reconstruction of h(z) 

Smoothing SN Ia data 

Gaussian Processes on SN Ia data   

Real time cosmology, redshift drift 

Age of passively evolving galaxies 

Volume distance from baryon 
acoustic oscillation measurements 



Deriving h(z) from BAO 

Observable BAO 

Effective dilation 
distance  

Comoving sound horizon at 
baryon drag epoch  

Observable 
CMB 



Deriving h(z) from BAO 

Percival et. al. 2010 

      LAMBDA website 

Riess et. al. 2011 



Deriving h(z) from BAO 

Om diagnostic 



A. Shafieloo and C. Clarkson, 
Phys. Rev. D (2010)  

Not so impressive! 
So many observables 
enlarges the errorbars 



Deriving h(z) from BAO 

Observable BAO 

Effective dilation 
distance  

Comoving sound horizon at 
baryon drag epoch  

Observable 
CMB 



Characteristics of Om   

Om diagnostic 

Om is constant only for Flat LCDM model 



Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

Departure from 1 serves as smoking gun 

Om3! Om3 has some special characteristics 
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Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

Observables 



Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

Om3 is independent of H0 and the distance to the last 
scattering surface and can be derived directly using 
BAO observables. 



Characteristics of Om3   

 
Om3 = 1 only for Flat LCDM model 



Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

A. Shafieloo, V. Sahni & A. A. Starobinsky, PRD 2012 

Errorbars are still large! 



BAO data still has low quality    

Union 2.1 SN data 
vs 
WiggleZ BAO data 

Constraining the expansion history of 
the universe using Crossing Statistic 

SN 

SN+BAO 
A. Shafieloo, JCAP (a) 2012 
A. Shafieloo, JCAP (b) 2012 

Using BAO distance ratios 



Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

A. Shafieloo, V. Sahni & A. A. Starobinsky, PRD 2012 

BigBOSS BigBOSS 



Characteristics of Om3   
Om is constant only for Flat LCDM model 
Om3 is equal to one for Flat LCDM model 

A. Shafieloo, V. Sahni & A. A. Starobinsky, PRD  2012 

BigBOSS 
Assuming perfect 
estimation of the 
distance to the last 
scattering surface 
and 2% uncertainty 
for H0 
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Summary 
 
•  Om3 is introduced as a null test of LCDM. Om3 is independent of 

H0 and distance to the last scattering surface hence independent 
of the biases from the early universe and measurements of H0.  

•  Om3 can be derived directly using BAO observables.  
 
•  BAO links the early and late universe. It is currently providing us 

with more and more valuable information about the universe but 
its still poor. 

 
•  Challenging the standard model is more affordable and 

realistic than trying to reconstruct  the underlying model of 
the universe.  
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