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Expansion History of the Universe

Observation: The Universe is expanding (1929), and the expansion 

has been accelerating recently (1998).

General relativity connects the properties of spacetime                

with the amount and type of the energy contents in the universe.

a(t)



A Test for the Cosmic Expansion History based on 

Geometrical Shape of Cosmic Structures

(Alcock & Paczynski, 1979, Nature, 281, 358)
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Cosmological effects on the observed geometrical shape of cosmic structures



Shape of structures in the comoving space 
in true (Ωm=0.26 ΛCDM ) and wrong cosmologies
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Clustering of Galaxies/Quasars!

What can we use for the geometry test?
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r(z)

2pCF as a measure of clustering anisotropy



Redshift-space distortion effects 
on 2-point correlation function along (p) & across (s) LOS

Horizon-Run 4 (Kim et al. 2015, JKAS, 48, 213)
CF of PSB dark matter halos



Application to BOSS DR12 Samples



CMASS North CMASS South

LOWZ SouthLOWZ North



Methodology

0. Split each of CMASS & LOWZ samples into 3 redshift bins

1. Adopt a r(z) relation by choosing a cosmology

2. Measure ξ(s, μ) in each z-bin; 

3. Quantify the redshift evolution of ξ(s, μ) by a chisq value

(Wrong Cos. → Large redshift evolution → Large chisq → Disfavored)

4. Try a different cosmology and repeat 1-3 → Cosmological Constraints

Systematic Correction (intrinsic redshift evolution): HR4 mock galaxy samples

Covariance Matrix: HR3 PSB subhalo samples

CMASSLOWZ



Horizon Run 3 (Kim et al. 2012)

V=(10.815 h−1 Gpc)3 , 71203 particles
WMAP5 Cosmology

PSB halos in 27 whole-sky lightcones

Horizon Run 4 (Kim et al. 2015)

V= (3.15h−1 Gpc)3 , 63003 particles

WMAP5 Cosmology

Mock ‘galaxies’ in 1 whole-sky lightcone
(Hong et al. 2015)



2pCF from SDSS BOSS data

and simulated mock samples

HR4 mock galaxies HR4 mock galaxies

BOSS galaxies BOSS galaxies

ξ(s) ξ(μ)



Chisq = Σ δξ * Cov-1 * δξ  : summation over redshift bins and direction bins

δξ = ξ(first z-bin) – ξ(other z-bins)  : a measure of redshift evolution

Systematics: δξ →  δξ – (sys. est. from HR4)

Covariance between different bins: HR3 mock surveys

Likelihood = Exp(-Chisq / 2.0)

Constraints on cosmological parameters



Constraints on cosmological parameters

SN Ia

Planck

BAO

H0+BAO

AP

JLA SN Ia (Betoule+ 2014); BOSS DR11 BAO (Anderson+ 2013); HST H0 (Efstathiou+(2014)

Planck CMB (Ade+ 2015): BOSS DR12 AP (this work)



Betoule et al. 2014
Joint analysis of the combined SN samples 



Summary

We propose to use the redshift dependence of galaxy clustering anisotropy 

to constrain a(t) or r(z), which constrains DA*H(z) or Wm and dark energy eq. 

of state.

The method requires very small corrections for the RSD effects.

The constraints on Wm-w by the AP test are as strong as other methods 

(because of high statistics). Complementarity!

(AP DA*H(z); SN Ia  DL(z); BAO  DA(z)/rS & H(z)/rS )

 AP alone

 combined with other methods

The method applies not just to 2pCF, but can be used in combination with any 

clustering statistics (ex. the genus statistic Park & Kim 2010;   density gradient 

vector Li et al. 2014; higher order moments).                                                        s




