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Motivation

● Combination of different probes (e.g., galaxy clustering)  and methods 
● (e.g, N-point statistics) to break  degeneracies among parameters and 

study models/theories of gravity/galaxy formation 

● Need to combine “all forms of struggle”
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2-pt statistics of the observed galaxy distribution

HOW



  

 Angular power spectrum 

Angular Correlation function 
(see Will P. and Martin C. talks)

Legendre Transform

Power Spectrum



  

 Angular cross power spectrum 



  

Galaxy surface 
overdensity Selection Function

Redshift 
bin

Redshift bins
Photo-z 
errors

 Angular cross power spectrum 



  

 Angular cross power spectrum 

Mixing 
matrix

Expected cross angular power 
spectrum

Underlying cross 
angular power 

spectrum



  
Mixing 
matrix

 Angular cross power spectrum 



  

Projection 
kernels

3D galaxy 
overdensity

Expected cross angular power 
spectrum

Underlying cross 
angular power 

spectrum
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DM Power 
Spectrum

Linear Gal-DM 
bias

 Angular cross power spectrum 



  

 Angular cross power spectrum 

Limber 
approximation



  

Projection 
kernels

Linear Gal-DM 
bias

RSD 
parameter

Transfer 
function

 Angular cross power spectrum 



  

Projection 
kernels

Linear Gal-DM 
bias

Kaiser boost-factor in harmonic 
space

 Angular cross power spectrum 



  

WHERE



  

The 2MRS Photometric redshift catalog (2MPZ) 

● Nearly 1M galaxies  
● 70% sky coverage
● 30% spectroscopic 



  

Correlation of 2MRS with other 
all-sky surveys (e.g 

SuperCOSMOS, WISE) and 
calibration with SDSS 6dFGRS 

The 2MRS Photometric redshift catalog (2MPZ) 



  

Typical displacement of 50 Mph/h 

The 2MRS Photometric redshift catalog (2MPZ) 



  

Typical displacement of 50 Mph/h 

The 2MRS Photometric redshift catalog (2MPZ) 



  

Typical displacement of 50 Mph/h 

The 2MRS Photometric redshift catalog (2MPZ) 



  

Typical displacement of 50 Mph/h 

The 2MRS Photometric redshift catalog (2MPZ) 



  

Galaxy surface 
overdensity Selection Function

Redshift 
bin

Redshift bins
Photo-z 
errors

 Angular cross power spectrum 



  

Tomographic analysis Photometric redshifts

Typical displacement of 50 Mph/h 



  

Measuring cross angular power spectrum



  

CODE 
AVAILABLE

Measuring cross angular power spectrum
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AVAILABLE

Number of galaxies in pixels
HealPix 

maps
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Estimator Shot noise

Ensemble 
average

Measuring cross angular power spectrum
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Use it

Measuring cross angular power spectrum



  

Measuring cross angular power spectrum

As a function of K-band magnitud

Shot noise



  

Hemispherical anomaly 

Measuring cross angular power spectrum



  

Hemispherical anomaly 

Measuring cross angular power spectrum



  

● Gaussian approximation
● Mock Catalogs
● Jack-Knife resampling

                  Error estimates 

These are just some examples: also

Bayesian analysis

N-body based mock catalogs (Physical mode 
coupling)
 



  

                  Error estimates 

● Gaussian approximation  (e.g Dodelson 2006, White et al. 2009):
Diagonal covariance (no mode coupling) matrix with diagonal given by

Shot Noise (Poisson)

Sample variance

Sky coverage

Number of independent 
modes



  

● Gaussian approximation
● Mock Catalogs

                  Error estimates 

Gaussian 
distributed
with variance   

Log-normal 
transform

Get pixelized map 
 

 

Impose 2MPZ Mask 

Poisson sample: 
Assign photo-z using
and spec-z 
using   

Catalog with 
RA,Dec, zs, zp
with 2MPZ angular
clustering 

Mode coupling 
only through the 
mask



  

● Gaussian approximation
● Mock Catalogs
● Jack-Knife resampling

                  Error estimates 

Divide the observed 
area in N patches of 
(approximately)
equal area. 

How many sub-patches?
    Apply it to a mock, 
for which we know the 
covariance matrix 



  

● Power

● Covariance

● Variance

● Correlation

 Covariance matrix 



  

Interpretation of angular clustering signal

● COSMOLOGICAL: HALO-FIT
● PHENOMENOLOGICAL: RPT
● ASTROPHYSICAL: HALO-

MODEL 
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Interpretation of angular clustering signal



  

PRELIMINAR

PLANCK values + error 
bars

Interpretation of angular clustering signal



  

(No) Redshift space 
distortions 

PRELIMINAR
Compare model with RSD vs 
model without, in terms of 
expected error bars 

Interpretation of angular clustering signal



  

PRELIMINAR

PRELIMINAR
Combine clustering from different bins Include cross-power spectra

Interpretation of angular clustering signal



  

●
  PRELIMINAR

Combine clustering from different bins

Include cross-power spectra

PRELIMINAR

● Systematics? ℜƛ

Interpretation of angular clustering signal



  

Using the full redshift range

Using clustering from 
different redshift bins

Take home message



  

● Environmental 
dependencies of clustering

● Mark statistics

There is much more ...



  

Conclusions / Comments

All forms of struggle

Tomographic Analysis including cross power spectrum 
for photometric samples

Astrophysical information in the clustering signal
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