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0 Introduction. Correlation function and power spectum  



 is the average number density (intensity) 

Correlation Analysis 



Matsubara
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  Number of data pairs with separation r
Number of random pairs with separation r = 1 + ξ(r)
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Power-law:  ξ(r) = (r0/r)γ  
              slope γ = -1.8 



Estimators 
Minus estimator 

Edge-corrected estimarors 





The Galaxy Correlation Function 
• First measured by Totsuji and Kihara, then Peebles et al
• Mostly angular correlations in the beginning
• Later more and more redshift space
• Power law is a good approximation

• Correlation length r0=5.4 h-1 Mpc
• Exponent is around γ=1.8
• Corresponding angular correlations
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(From A. Szalay)



Power Spectrum 



Quantification of Clustering 
Structures in 1-D

Long-wavelength

Short-wavelength

Larger amplitude/power

smaller amplitude/power



Quantification of Clustering 

This distribution has a lot of long wavelength power
And a little short wavelength power
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Match up the power spectra 
Sarah Bridle 
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(iii) 

A. 

B. 

C. 

     from

-> C

 -> A

-> B



Courtesy of David Kirkby - UC Irvine 





is the Fourier amplitude of the overdensity field d at a wavenumber k 



Fourier transform pair 



Physics of Baryon acoustic oscillations

Physics of baryon acoustic oscillations   (Courtesy of D. Eisenstein)
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Animation by Daniel Eisenstein



Physics of Baryon acoustic oscillations

Physics of baryon acoustic oscillations

Before recombination, baryons
and photons are coupled
forming a plasma

Density fluctuations produce
sound waves in the plasma

At recombination (t ∼ 380, 000
years), baryons decouple from
photons → sound waves
become ‘frozen’→ imprint a
characteristic ‘acoustic’ scale in
the matter distribution rs =∫ trec

0
cs(t)(1 + z)dt ' 150Mpc

Evolution of matter profile from a
central perturbation

Animation by Daniel Eisenstein
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Image  Image from Daniel Eisenstein





Courtesy
of the 
WMAP 
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team



Courtesy of the Planck
Science Team



Image Credit: E.M. Huff, the SDSS-III team, and the South Pole Telescope Team.
Graphic by Zosia Rostomian



Physics of Baryon acoustic oscillations

BAO in ξ(r) and P(k)

The BAO produce a peak in the correlation function ≡ a series of
oscillations in the power spectrum
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The characteristic scale in ξ(r) or P(k) (rs) can be used as a
“standard ruler” to constrain the geometry of the universe

First detected (Eisenstein et al., 2005) in the ξ(r) of
SDSS-LRG-DR3 and (Cole et al., 2005) in P(k) of 2dFGRS





Graphic by Zosia Rostomian







Physics of Baryon acoustic oscillations

Reliability of the detection of BAO in the correlation function

Correlation function study: samples used

Aim: to check reliability of
BAO detection in ξ(r) by
comparing different samples

Use largest survey to date
(SDSS-LRG, DR7) and
2dFGRS → complementary
samples (in terms of density, z ,
galaxy properties, etc.)

Sample N Absolute magnitude z Ω V n̄
(sr) (h−3Gpc3) (h3 Mpc−3)

DR7-LRG 92,219 −23.2 < M0.3
g < −21.2 [0.16, 0.47] 2.02 1.30 7.1 × 10−5

DR7-LRG-VL 41,195 −23.2 < M0.3
g < −21.6 [0.16, 0.40] 2.02 0.817 5.0 × 10−5

2dFVL 32,388 −21 < MbJ
< −20 [0.03, 0.19] 0.45 0.024 1.4 × 10−3



Physics of Baryon acoustic oscillations

Reliability of the detection of BAO in the correlation function

Correlation function study: results

Estimate ξ(r) using
Landy-Szalay method, and
errors from block-bootstrap of
pair distributions

BAO peak seen in all three
samples → stable feature of the
LSS

Width of peak larger than
expected (and previous results)

Results confirmed with these
and other samples (SDSS-Main,
6dFGS, WiggleZ).
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Physics of Baryon acoustic oscillations

Reconstruction of the baryon acoustic structures

Baryon Acoustic Structures reconstruction

We recover the 3D shape of the BAO structures ⇒ bump at the
centre + spherical shell

From the radial profile we obtain the radius of the shell,
rshell = 109.5± 3.9 h−1 Mpc → acoustic scale



Physics of Baryon acoustic oscillations

Reconstruction of the baryon acoustic structures

Baryon Acoustic Structures reconstruction

We recover the 3D shape of the BAO structures ⇒ bump at the
centre + spherical shell

From the radial profile we obtain the radius of the shell,
rshell = 109.5± 3.9 h−1 Mpc → acoustic scale



Physics of Baryon acoustic oscillations

Reconstruction of the baryon acoustic structures

Baryon Acoustic Structures reconstruction

We recover the 3D shape of the BAO structures ⇒ bump at the
centre + spherical shell

From the radial profile we obtain the radius of the shell,
rshell = 109.5± 3.9 h−1 Mpc → acoustic scale



Measuring ξ (r)  in photometric redshift surveys

Large ∆z in ‘photo-z’ catalogues →
large uncertainties in position (along
line of sight) → can not measure
ξ (r) directly

Similar problem to redshift-space
effects (e.g. finger-of-God) in
‘spectro-z’ catalogues (but larger
effect for ‘photo-z’)

J. Peacock,

JENAM

2004

In ‘spectro-z’ surveys, the projected correlation function method4 is
used to recover ξ (r)

⇓
Can we use that method for ‘photo-z’ catalogues?

4
Davis&Peebles, ApJ 267, 465 (1983)

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 3 / 12



Data: light-cone haloes simulation.

Use the DM halo catalogue from the light-cone simulation
of Heinämäki et al. (2005) (astro-ph/0507197)

Simulation covers 2◦ ×0.5◦ in the sky, standard ΛCDM
cosmology

Study restricted to the redshift bin z ∈ [2,3]

Geometry of the volume considered:
864 (line-of-sight) ×160×40 (transverse) h−1 Mpc

Total volume: 4.56×106 h−3 Mpc3, ∼ 180,000 haloes

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 4 / 12



Mock photometric redshift catalogues.

Simulated photometric redshift catalogues shifting randomly the
(redshift-space) position of haloes along the line-of-sight direction

We assume Gaussian redshift errors, with ∆z/(1+ z) constant for
each catalogue → valid assumption for ‘good’ photo-z

Simulated three ‘typical’ cases:
∆z = 0.05(1+ z) → ‘classical’ broad-band filter survey
∆z = 0.015(1+ z) → ‘good’ redshifts with ALHAMBRA
∆z = 0.005(1+ z) → possible future survey (similar to PAU Survey 5)

5
Beńıtez et al. (astro-ph/0807.0535)

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 5 / 12



Mock photometric redshift catalogues.

Effect of ∆z : projection of the different catalogues on a longitudinal
plane

Real-space catalogue

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 6 / 12



Mock photometric redshift catalogues.

Effect of ∆z : projection of the different catalogues on a longitudinal
plane

Redshift space

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 6 / 12



Mock photometric redshift catalogues.

Effect of ∆z : projection of the different catalogues on a longitudinal
plane

∆z = 0.005(1+ z) mock catalogue

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 6 / 12



Mock photometric redshift catalogues.

Effect of ∆z : projection of the different catalogues on a longitudinal
plane

∆z = 0.015(1+ z) mock catalogue
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Mock photometric redshift catalogues.

Effect of ∆z : projection of the different catalogues on a longitudinal
plane

∆z = 0.05(1+ z) mock catalogue
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Decomposition of distances and two-dimensional ξ

Decompose distances between pairs of galaxies
in transverse (σ) and line-of-sight (π).

π ≡ |s · l|
|l| , σ ≡

�
s · s−π2

Can calculate ‘two-dimensional’ ξ (σ ,π) →
count pairs in σ ,π bins, and use Landy-Szalay
estimator

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 7 / 12



Projected correlation function

Integrate ξ (σ ,π) along π →
‘projected correlation function’:

Ξ(σ) = 2
� ∞

0

ξ (σ ,π)dπ

Small angles → σ not affected
by ∆z → Ξ not affected by ∆z

Have to choose πmax for
integration → optimal value
πmax � 4∆z

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 9 / 12



Relation to obtain ξ (r)

Assuming that the (real-space) distribution of galaxies is isotropic →
integral relation between Ξ(σ) and ξr (r)

Ξ(σ) = 2
� ∞

σ
ξr (r)

rdr

(r2−σ2)1/2

Inverting the relation → obtain ξr (r) in terms of Ξ(σ):

ξr (r) =− 1

π

� ∞

r

dΞ(σ)

dσ
dσ

(σ2− r2)1/2

↓
Can obtain ξr (r) by numerical integration of Ξ(σ)

Have to choose a σmax for integration → given by survey geometry

Pablo Arnalte-Mur (OAUV - València) Real-space correlation function from photo-z SEA, Santander, July 2008 10 / 12



Why so many filters? 



# Fi 

Number of  filters vs Accuracy 
Benítez	
  et	
  al.	
  2009	
  

δ
z/

1
+

z 

Number of Filters 

Photometric Redshift surveys 



SDSS	
  (5)	
  



ALHAMBRA	
  (23)	
  



JPAS	
  (56)	
  



Large scales again
BAO form photometric 
redshift surveys
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