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Part I 
 

BAO as Dark Energy probe 
!!a > 0

Expansion of Universe  
is accelerating 

Dark Energy dominates 

Credit Katrin Heitmann  



Past:2dFGRS, 6dFGRS,WiggleZ, SDSS III/BOSS  

Ongoing: SDSS IV/eBOSS Future: DESI, PFS, Euclid  

A 3D galaxy map in the redshift space 
Credit SDSS team 



Baryon acoustic oscillations (BAOs) 

http://galaxies-cosmology-2015.wikidot.com/baryon-acoustic-oscillations 



How likely another galaxy away 
from the original galaxy at a given 

distance can be observed 

Density fluctuations: 
Fourier transformation 



BOSS DR11    

The isotropic BAO signal is 
detected at a significance of 
~7σ in both correlation 
function and power spectrum 

Anderson et al. 2014 



 BAO scale, as a cosmic standard ruler, can be used to determine 
cosmic expansion history 

Δr┴ = DAΔθ 

Δr|| = (c/H)Δz 

Transverse measurement 

observer 

Radial measurement 

Isotropic:  

Anisotropic:  



Part II 
 

Fits from CMASS/LOWZ 

Cuesta et al. 2015 



Cuesta et al. 2015 
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Fitting results in Configuration space 



Fitting results in Fourier space 
Hector et al. 2015 
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Part III 
 

tomographic BAO analysis 

An analysis of the “same” 
DR12 sample not split into 

LOWZ and CMASS, but 
combined together 

Goal: extracting redshift 
information as much as 
possible from the samples 
within 0.2<z<0.75   
 
Method: splitting the whole 
redshift range into 
overlapping z bins 



Binning scheme through 
Fisher forecast 

Isotropic BAO measurement  
Precision <3% 

“50%” reconstructed efficiency  



Better constraints on the distance parameters  



The multipole power spectrum estimator (ie Yamamoto estimator ):  

overdensity field 

Yamamoto et al 2006, Davide et al 2015 

The correlation function estimator (ie Landy & Szalay estimator) 

Landy & Szalay 1993  



Tomographic BAO measurements in Fourier space 

North Galactic Cap (NGC) 



Tomographic BAO measurements in Fourier space 

South Galactic Cap (SGC) 



Tomographic best fits in Fourier space 



Tomographic  
BAO 
measurements in 
Configuration 
space 



Observed redshift-space density field 

Reconstruction sharpens the BAO feature in the correlation function 

Basic procedure 

Estimate redshift-space displacement field 

Derive displacement field in configuration space 

displace the observed galaxies back to their 
original positions 

Reconstructed field  

Nikhil et al 2012 



CF before reconstruction 



CF after reconstruction 



Tomographic 
best fits in 
Configuration 
space 

BOSS DR12 papers: Alam et al, Ashley et al 2016 



Tomographic best fits in Configuration space 



Tomographic best fits in Configuration space 



Combination of the binned measurements 
 
Method 1: Calculate the covariance between the measured like Pk 
across all the redshift bins 
 
 
 
 
 
 
Method 2: Calculate the correlation using best fit parameters in 
each redshift bin  



Full correlation matrix of Pk between different redshift slices 



Correlation of fitting parameters between different redshift slices 



Result Comparisons 

Pre-recon results 
P0+P2+P4 vs ξ0+ξ2  



Result Comparisons 

DR12 consensus from Adam et al 2016 



Constraints on cosmological models  

Om diagnostic 



Flat LCDM model 

Adam et al 2016 



Flat LCDM model 

9 zbin vs 1 zbin , 9 zbin vs 3 zbin : the errors are obviously improved 



Flat CPL DE model 

Adam et al 2016 



Flat CPL DE model 

9 zbin vs 1 zbin : FoM is improved by a factor of 1.35 
9 zbin vs 3 zbin : the errors are slightly improved 



Part IV  
 

Concluding remarks 

In order to extract the redshift information of galaxy clustering, we split the 
whole redshift range of BOSS combined sample.  
 
Based on the galaxy redshift survey, we got the high redshift-resolution 
measurements on the cosmic expansion history. 
 
We also test the constraining power of our tomographic measurements. The 
constraint precisions of cosmological parameters  are improved, compared with 
that from a single BAO measurement.   
 

Improvements on extracting rich 
tomographic information in redshifts 
are expected in the next few years. 

Thanks! 


