
Cosmology with the WiggleZ Survey

Chris Blake , Swinburne



The WiggleZ Dark Energy Survey

• 1000 sq deg , 0.2 < z < 1.0

• 200,000 redshifts

• blue star-forming galaxies

• Aug 2006 - Jan 2011
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Survey comparison



Survey comparison



• Follow up UV-selected sources 
from GALEX imaging

• Colour cuts select high-
redshift galaxies

• Star-forming galaxies : redshifts 
from emission lines, SFR 
10-100 solar masses per year

• Short 1-hr exposures - 
maximize numbers with 70% 
redshift completeness

Survey design



Survey design



Redshift distribution



Standard ruler : baryon acoustic peak

• Preferred co-moving separation 
of 105 h-1 Mpc between clumps 
imprinted at recombination 

• We observe a preferred angular 
separation between galaxies at 
some redshift

• Allows distance determination 
by simple geometry

rs

DA



The baryon acoustic peak in WiggleZ



The baryon acoustic peak in WiggleZ

arXiv:1108.2635



BAO Hubble diagram

(WiggleZ measurements
before reconstruction)



The dark energy puzzle

Correlation function

Band-filtered
correlation function

Power spectrum

Comparison of BAO statistics in WiggleZ

arXiv:1105:2862



Comparison of BAO fitting techniques

arXiv:1105:2862



Cosmological parameter fits

Spatially-flat cosmological 
constant model

arXiv:1108.2635



Alcock-Paczynski measurement

Line-of-sight
Measure

Measure

Decreasing H(z)

Increasing DA(z)

Constant DA(z)*H(z)



Alcock-Paczynski measurement

arXiv:1108.2637



WiggleZ measurements of DA(z) and H(z)

arXiv:1204.3674



Cosmic expansion history

arXiv:1204.3674
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Accelerating
expansion

Cosmic expansion history



observer

infalling
galaxies

coherent
flowsvirialized

motions

Redshift-space distortions

• Does a cosmological model produce self-consistent 
cosmic growth and expansion histories?



Redshift-space distortions in WiggleZ

arXiv:1104.2948



Growth rate measurements from WiggleZ

arXiv:1104.2948



Growth rate measurements from WiggleZ

arXiv:1104.2948



See also ...

Neutrino mass limit Tamara Davis talk

BAO “reconstruction” Eyal Kazin talk

Growth from 3-pt function Felipe Marin talk

Lensing cross-correlations Ami Choi talk

Cosmic homogeneity Morag Scrimgeour poster

WiggleZ-BOSS overlaps Felipe Marin poster

• Other WiggleZ results presented at this conference:



Topological statistics

• Morphology of the density field (isodensity contours):

“A topologist cannot distinguish their doughnut from their coffee cup”



Topological statistics

• Genus statistic (a.k.a. Euler characteristic):

Credit : Berian James



Topological statistics

• WiggleZ density field for 15-hr region:

[Visualization of isodensity contours that contain 
the 20% highest and lowest density regions]

Credit : Berian James



Topological statistics

• Minkowski functionals give complete description

For Gaussian random field :



Topological statistics

Galaxy
number counts

Topological
statistics

Theory predicts ...
Luminosity function 

(number of galaxies per 
unit volume)

We measure ... Galaxy count

We determine ...

Minkowski functionals of 
Gaussian random field 

(topology per unit volume)

Amount of topology

Volume element Volume element

Evolution ? Yes No

• Analogy with number counts method



Topological statistics
arXiv:0905.2268
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LARGE-SCALE STRUCTURE OF THE UNIVERSE AS A COSMIC STANDARD RULER

Changbom Park and Young-Rae Kim
School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea

Draft version May 14, 2009

ABSTRACT

We propose to use the large-scale structure of the universe as a cosmic standard ruler, based on
the fact that the pattern of galaxy distribution should be maintained in the course of time on large
scales. By examining the scale-dependence of the pattern in different redshift intervals it is possible
to reconstruct the expansion history of the universe, and thus to measure the cosmological parameters
governing the expansion of the universe. The features in the galaxy distribution that can be used as
standard rulers include the topology of large-scale structure and the overall shapes of galaxy power
spectrum and correlation function. The genus, being an intrinsic topology measure, is resistant against
the non-linear gravitational evolution, galaxy biasing, and redshift-space distortion effects, and thus
is ideal for quantifying the primordial topology of the large-scale structure. The expansion history of
the universe can be constrained by comparing among the genus measured at different redshifts. In
the case of initially Gaussian fluctuations the genus accurately recovers the slope of the primordial
power spectrum near the smoothing scale, and the expansion history can be constrained by comparing
between the predicted and measured genus.
Subject headings: large-scale structure of the universe – cosmology: theory

1. INTRODUCTION

There are three kinds of phenomena of the universe
that are currently used to constrain cosmological mod-
els. The first is the primordial fluctuations or the initial
conditions. Currently available tracers of the primor-
dial fluctuations are the cosmic microwave background
(hereafter CMB) anisotropies and the large-scale struc-
ture (LSS) of the universe. From these one can study the
geometry of space, matter content, matter power spec-
trum (PS), non-Gaussianity of the initial conditions, and
so on. Information from these tracers has limitations
because it contains knowledge only in one thin shell lo-
cated at a specific epoch in the case of CMB, or because
the amount of the corresponding data is not yet large
enough to constrain cosmological models strongly in the
LSS case. The eventual limitation lies in the finite vol-
ume of the observable universe.

The second measurable phenomenon of the universe is
the expansion of the universe. It can be measured by
observing the standard candles (e.g. supernova type Ia;
Colgate 1979; Riess et al. 1998; Permultter et al. 1999),
the standard rulers (e.g. baryon acoustic oscillations,
hereafter BAOs; Peebles & Yu 1970; Meiksin, White, &
Peacock 1999), or standard populations, if any. Red-
shifts of these objects give us the relation between the
comoving distance r and redshift z through the lumi-
nosity distance DL(z) and/or angular diameter distance
DA(z), which constrain the expansion history of the uni-
verse or the Hubble parameter H(z) through the relation
r(z) =

∫ z
0 dz′/H(z′). The Hubble parameter depends on

many cosmological parameters such as the total density
parameter Ωtot, matter density parameter Ωm, and the
equation of state of the dark energy w = P/ρ. However,
there are various kinds of systematic effects that limit the
power of this method. For example, the dependences of
the ‘standard’ properties on tracer subclasses and on red-

Electronic address: cbp@kias.re.kr, yrk@kias.re.kr

shift are the most serious error sources in measuring r(z)
in the case of the standard candles and populations. The
standard rulers also suffer from all kinds of systematics
such as non-linear gravitational evolution, redshift-space
distortion, past light-cone effects, and biasing of tracers.

The third phenomenon is the growth of cosmic struc-
tures, which depends on both expansion history and ini-
tial matter fluctuations. This can be examined by ob-
serving the integrated Sachs-Wolfe effect causing a corre-
lation between CMB anisotropy and LSS (Sachs & Wolfe
1967, Corasaniti et al. 2003), abundance of galaxy clus-
ters (Allen et al. 2004, Rapetti et al. 2005), and the
weak gravitational lensing by LSS (Cooray & Huterer
1999). Properties of some non-linear objects can be also
used. Various present and redshift-dependent properties
of intergalactic medium (near the reionization epoch, in
particular), massive dark halos (luminous galaxies and
clusters of galaxies), etc., are the combined results of the
initial matter fluctuations, expansion history, and non-
linear physics.

In this paper we propose to use the pattern of the
large-scale galaxy distribution to study both the first
and second phenomena of the universe. We will intro-
duce this tool as a geometrical method similar to the
Alcock-Paczynski test (Alcock & Paczynski 1979) or the
BAO-scale method (Blake & Glazebrook 2003). In the
forthcoming papers we will also show that this method
is complementary to other methods such as the BAO-
scale method, and has a power comparable to the BAO
method in constraining the dark energy equation of state
(Kim et al. 2009).

2. LARGE-SCALE STRUCTURE AS A STANDARD
RULER

The large-scale distribution of galaxies has long been
used to constrain cosmological models through two-point
correlation function (hereafter CF; Davis & Peebles 1983;
Maddox et al. 1990) and PS analyses (Park, Gott, &

arXiv:1005.3631
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ABSTRACT

The use of standard rulers, such as the scale of the Baryonic Acoustic oscillations (BAO),
has become one of the more powerful techniques employed in cosmology to probe the entity
driving the accelerating expansion of the Universe. In this paper, the topology of large scale
structure (LSS) is used as one such standard ruler to study this mysterious ‘dark energy’. By
following the redshift evolution of the clustering of luminous red galaxies (LRGs) as measured
by their 3D topology (counting structures in the cosmic web), we can chart the expansion rate
and extract information about the equation of state of dark energy. Using the technique first
introduced in (Park & Kim (2009)), we evaluate the constraints that can be achieved using 3D
topology measurements from next-generation LSS surveys such as the Baryonic Oscillation
Spectroscopic Survey (BOSS). In conjunction with the information that will be available from
the Planck satellite, we find a single topology measurement on 3 different scales is capable
of constraining a single dark energy parameter to within 5% and 10% when dynamics are
permitted. This offers an alternative use of the data available from redshift surveys and serves
as a cross-check for BAO studies.

1 INTRODUCTION

In the late 90’s, the expansion of the Universe, first de-

tected by Hubble, was confirmed from the precise measure-

ments of SNIa and astonishingly found to be accelerating

(Riess et al. (1998); Perlmutter et al. (1999); Lange et al. (2001);

Hoekstra et al. (2002); Riess et al. (2004); Cole et al. (2005);

Astier et al. (2006); Spergel et al. (2006); Riess et al. (2006)). This

provided convincing evidence for the presence of an unidentified

entity in the Universe which (in the context of General Relativity)

must act against the gravitational attraction of ordinary matter. In-

direct yet also compelling evidence came from the missing energy

density inferred from the discrepancy between the measurements of

matter density (from direct measurements and observation of the

Integrated Sachs-Wolfe effect) and the indications of spatial flat-

ness from the CMB anisotropy spectrum, as well as the level of the

initial inhomogeneity measured in the CMB compared with large

scale structure today. Although the presence of this ‘dark energy’ is

now well-established, its nature still evades us and characterizing it

has become one of the most important topics in cosmology today.

This is evidenced by the large number of experiments which have

been proposed and designed with this question in mind.

One such effort is the Baryon Oscillations Spectroscopic Sur-

vey (BOSS) which plans to map the spatial distribution of lumi-

nous red galaxies (LRG) and quasars over 10, 000 sq. deg. of the

sky. The survey hopes to detect the excess of galaxy clustering at

100 Mpc/h separations left over from the acoustic oscillations in

the baryon distribution at the time of last scattering. The change in

the characteristic scale of this phenonemon from the time of the

CMB to today is encapsulated by the diameter angular distance

dA(z) = (1 + z)−1r(z), which is related to the expansion rate

of space via the comoving distance

r(z) = c

∫ z

0

dz′

H(z′)
. (1)

where

H(z) = H0

√

Ωm (1 + z)3 + ΩX exp

(
∫ z

0

1 + w(z′)

1 + z′
dz′

)

(2)

where H0 is the Hubble parameter today (note that flatness is as-

sumed), c is the speed of light, Ωm is the current matter density and

ΩX is the current density of dark energy. We focussing on mea-

suring the equation of state w(z) of the dark energy component,

which describes the ratio of its pressure to its energy density as a

function of redshift. Because the scale of the oscillations at the time

of last scattering is measured precisely from the CMB peak mor-

phology, the BAO scale becomes a standard ruler. BOSS is fore-

casted to measure dA(z) to 1% at various redshifts (Schlegel et al.

(2009)), placing constraints on the equation of state of dark energy

w in Eqn. 2. In this paper, we will use the topology of large scale

structure as another such standard ruler with which to get a han-

dle on w(z). Being a tracer of the primordial density perturbations,

LSS provides a record of the initial conditions and so its topology

has been used extensively to test our current assumptions of the

earliest epoch. For example, the measured topology of the Sloan

Sky Digitial Survey (SDSS) traced by LRGs was shown to be con-

sistent with expectations from a Universe with Gaussian randon

phase initial conditions (Gott et al. (2009b)). In this paper, we rec-

ognize that topology is another measure of clustering or the num-



Topological statistics

• Minkowski functionals are an independent method to 
2-pt statistics for quantifying large-scale structure

• They are a topological measure unchanged by any 
density field transformation that preserves rank-
ordering (so are conserved over time in linear theory)

• We model them as a Gaussian random field (plus 
corrections), then the amplitudes of functionals per 
unit volume are predicted by power spectrum shape

• Observed amplitudes then determine volume element 
hence DV(z) [same quantity as measured by BAOs]



Topological statistics

• Fit distances to these amplitudes ...



Topological statistics

• Fits to WiggleZ Minkowski functionals produce 
distance determinations which are consistent with, 
and twice as precise as, fits to WiggleZ BAOs

• We obtain distance errors in the range 3-7% in 6 
independent redshift slices across 0.2 < z < 1.0

• A model power spectrum shape (although not 
normalization) must be assumed

• Non-linear corrections (RSD, shot noise) need more 
development ...



• Baryon acoustic oscillations measure cosmic distances 
to z=0.8 and provide cross-check with supernovae

• Alcock-Paczynski effect allows direct measurement of 
the cosmic expansion [H(z)] at high redshift

• Redshift-space distortions provide accurate 
measurement of growth of structure to high redshift

• General Relativity + cosmological constant models 
have been tested in a new way and remain a good fit

• If dark energy behaves as Lambda, what is its physics?

Summary of results from WiggleZ



Thank you!


