
• Large-scale structure survey covering SDSS-like 
volumes over a range of higher redshifts to z=1

• Test the cosmological model in three ways :

• (1) Use the baryon acoustic peak as a standard 
ruler to measure cosmic distances to z=1

• (2) Map the growth rate of structure to z=1

• (3) Use Alcock-Paczynski distortions to measure a 
non-parametric expansion history

• Cross-check evidence for dark energy from SNe

The WiggleZ Dark Energy Survey



The WiggleZ Dark Energy Survey

• 1000 sq deg , 0.2 < z < 1.0

• 200,000 redshifts

• blue star-forming galaxies

• Aug 2006 - Jan 2011



Swinburne :  Chris Blake , Carlos Contreras , Warrick Couch , Darren 
Croton , Karl Glazebrook , Tornado Li , Greg Poole , Emily Wisnioski

University of Queensland :  Tamara Davis , Michael Drinkwater

Sarah Brough (AAO) , Matthew Colless (AAO) , Scott Croom (U.Syd.) , 
Ben Jelliffe (U.Syd.) , Russell Jurek (ATNF) , Kevin Pimbblet (Monash) ,  
Mike Pracy (UNSW) , Rob Sharp (ANU) , David Woods (UBC)

GALEX team :  Karl Forster , Barry Madore , Chris Martin , Ted Wyder

RCS2 team :  David Gilbank , Mike Gladders , Howard Yee

The WiggleZ Survey (observational) Team



Swinburne:  Chris Blake , Carlos Contreras , Felipe Marin , Greg Poole

U. of Queensland:  Tamara Davis , David Parkinson , Signe Riemer-Sorensen

University of Western Australia:  Morag Scrimgeour

DARK / Berkeley:  Berian James

The WiggleZ Survey (cosmology analysis) Team



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
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The baryon acoustic peak

Baryon Acoustic Oscillations 5

Fig. 2.— The large-scale redshift-space correlation function of the
SDSS LRG sample. The error bars are from the diagonal elements
of the mock-catalog covariance matrix; however, the points are cor-
related. Note that the vertical axis mixes logarithmic and linear
scalings. The inset shows an expanded view with a linear vertical
axis. The models are Ωmh2 = 0.12 (top, green), 0.13 (red), and
0.14 (bottom with peak, blue), all with Ωbh2 = 0.024 and n = 0.98
and with a mild non-linear prescription folded in. The magenta
line shows a pure CDM model (Ωmh2 = 0.105), which lacks the
acoustic peak. It is interesting to note that although the data ap-
pears higher than the models, the covariance between the points is
soft as regards overall shifts in ξ(s). Subtracting 0.002 from ξ(s)
at all scales makes the plot look cosmetically perfect, but changes
the best-fit χ2 by only 1.3. The bump at 100h−1 Mpc scale, on the
other hand, is statistically significant.

two samples on large scales is modest, only 15%. We make
a simple parameterization of the bias as a function of red-
shift and then compute b2 averaged as a function of scale
over the pair counts in the random catalog. The bias varies
by less than 0.5% as a function of scale, and so we conclude
that there is no effect of a possible correlation of scale with
redshift. This test also shows that the mean redshift as a
function of scale changes so little that variations in the
clustering amplitude at fixed luminosity as a function of
redshift are negligible.

3.2. Tests for systematic errors

We have performed a number of tests searching for po-
tential systematic errors in our correlation function. First,
we have tested that the radial selection function is not in-
troducing features into the correlation function. Our selec-
tion function involves smoothing the observed histogram
with a box-car smoothing of width ∆z = 0.07. This cor-
responds to reducing power in the purely radial mode at
k = 0.03h Mpc−1 by 50%. Purely radial power at k = 0.04
(0.02)h Mpc−1 is reduced by 13% (86%). The effect of this
suppression is negligible, only 5× 10−4 (10−4) on the cor-
relation function at the 30 (100) h−1 Mpc scale. Simply
put, purely radial modes are a small fraction of the total
at these wavelengths. We find that an alternative radial
selection function, in which the redshifts of the random

Fig. 3.— As Figure 2, but plotting the correlation function times
s2. This shows the variation of the peak at 20h−1 Mpc scales that is
controlled by the redshift of equality (and hence by Ωmh2). Vary-
ing Ωmh2 alters the amount of large-to-small scale correlation, but
boosting the large-scale correlations too much causes an inconsis-
tency at 30h−1 Mpc. The pure CDM model (magenta) is actually
close to the best-fit due to the data points on intermediate scales.

catalog are simply picked randomly from the observed red-
shifts, produces a negligible change in the correlation func-
tion. This of course corresponds to complete suppression
of purely radial modes.

The selection of LRGs is highly sensitive to errors in the
photometric calibration of the g, r, and i bands (Eisenstein
et al. 2001). We assess these by making a detailed model
of the distribution in color and luminosity of the sample,
including photometric errors, and then computing the vari-
ation of the number of galaxies accepted at each redshift
with small variations in the LRG sample cuts. A 1% shift
in the r − i color makes a 8-10% change in number den-
sity; a 1% shift in the g − r color makes a 5% changes in
number density out to z = 0.41, dropping thereafter; and
a 1% change in all magnitudes together changes the num-
ber density by 2% out to z = 0.36, increasing to 3.6% at
z = 0.47. These variations are consistent with the changes
in the observed redshift distribution when we move the
selection boundaries to restrict the sample. Such photo-
metric calibration errors would cause anomalies in the cor-
relation function as the square of the number density vari-
ations, as this noise source is uncorrelated with the true
sky distribution of LRGs.

Assessments of calibration errors based on the color of
the stellar locus find only 1% scatter in g, r, and i (Ivezić
et al. 2004), which would translate to about 0.02 in the
correlation function. However, the situation is more favor-
able, because the coherence scale of the calibration errors
is limited by the fact that the SDSS is calibrated in regions
about 0.6◦ wide and up to 15◦ long. This means that there
are 20 independent calibrations being applied to a given
6◦ (100h−1 Mpc) radius circular region. Moreover, some
of the calibration errors are even more localized, being
caused by small mischaracterizations of the point spread
function and errors in the flat field vectors early in the
survey (Stoughton et al. 2002). Such errors will average
down on larger scales even more quickly.

The photometric calibration of the SDSS has evolved
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The baryon acoustic peak in WiggleZ
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BAO Hubble diagram
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The 6-degree Field Galaxy Survey
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D(z=0.1) = 456 +/- 27 Mpc

H0 = 67.0 +/- 3.2 km s-1 Mpc-1

Measurement of baryon acoustic 
peak in local Universe



The dark energy puzzle

Correlation function

Band-filtered
correlation function

Power spectrum

Comparison of BAO statistics in WiggleZ
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Comparison of BAO fitting techniques
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Cosmological parameter fits
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Cosmological parameter fits

Cosmological
constant

arXiv:1108.2635



Cosmological parameter fits

Spatially-flat cosmological 
constant model

arXiv:1108.2635



Stacking the BAO measurements!

5-sigma detection
significance

arXiv:1108.2635



coherent flows4

Fig. 2.— 2MRS peculiar velocity field: Top panel shows a thin
slice of the 2MRS peculiar velocity field adaptively smooth on a
grid with 1283 sites sampling a cube with an edge of 240 h−1 Mpc.
The velocity field is then subsampled 4 times before being shown.
The underlying density field has been computed by putting objects
at their redshift position. Bottom panel: Peculiar velocities of indi-
vidual 2MRS galaxies in a 40 h−1 Mpc slice, centered on the super-
galactic plane SGZ=0 km s−1. 2MRS becomes severely incomplete
after 120h−1 Mpc. Hy-Cn stands for the Hydra-Centaurus super-
cluster, Hr for Hercules, Co for Coma, P-P for Perseus-Pisces.

the peculiar velocity vector and f ∼ Ω5/9
m , and x is

the reconstructed real position computed by MAK. Con-
sequently, a specific model defines positions that can
be tested against observed positions, as shall be pur-
sued here. The method has already been tested suc-
cessfully on N-body simulations (Mohayaee et al. 2006),
mock catalogs (Lavaux et al. 2008) and a real catalog
(Mohayaee & Tully 2005).

4. RESULTS: I. 2MRS VELOCITY FIELD AND
COMPARISON WITH MEASURED DISTANCES

In a reconstruction of the velocity field using
MAK based on priors, we fix Ωm = 0.258 as in-
dicated by WMAP5 results and set the bias pa-
rameter (Kaiser & Lahav 1989) to 1 using 2dF
and SDSS/WMAP results (Dunkley et al. 2008;
Tegmark et al. 2004; Cole et al. 2005). The velocity
of each galaxy in 2MRS is reconstructed using these
parameters. The first approach is to measure the
3,000 km s−1 bulk flow in both cases as it is done
in Section 4.1. In a parallel approach, discussed in
Section 4.2, we leave Ωm free and then constrain
its value by maximizing the correlation between the
reconstructed and observed peculiar velocities. The
2MRS velocities are reconstructed using a uniform grid
of size 1303 sampling a cubic volume of 2603h−3Mpc3

as shown in Fig. 2. The motion of the Local Group is
obtained using an interpolation based on the adaptive
weighting of the peculiar velocities of the objects that
lie within 4-5h−1 Mpc from us (method detailed in
Appendix C). We have checked that increasing the
reconstruction resolution does not significantly change
the reconstructed velocities.

4.1. Measuring the 3,000 km s−1bulk flow

The reconstructed velocities of objects lying only
within the 3,000 km s−1 radius can be compared to
the measured distances given by the 3k distance cata-
log. The measured distances give a velocity of the Lo-
cal Group with respect to the 3k volume of VLG/3k =
302 ± 22 km s−1, l = 241 ± 7, b = 37 ± 6. The observa-
tion indicates that most of this velocity comes from the
push from the Local Void and the gravitational pull of the
Virgo cluster (Tully et al. 2008). The velocity of the Lo-
cal Group with respect to the 3k volume (VLG/3k) is ob-
tained using our reconstructed 2MRS velocities. The re-
constructed VLG/3k is compared with the observed value
in Fig. 3. The coordinates of the reconstructed dipoles
are given in Table 1.(a). On one hand, we observe an ac-
celeration at 60h−1 Mpc probably linked to the peculiar
influence of the Perseus-Pisces on the whole 3k volume.
On the other hand, the influence of other structures, like
the Hydra-Centaurus-Norma at 40-50h−1 Mpc, seems
marginal. So we conclude that the reconstruction indeed
shows that the VLG/3k motion seems mainly generated
within the 3k volume. From the results of Section 4.2,
we estimate a systematic error of ∼ 9% on reconstructed
peculiar velocities due to the assumed values of cosmo-
logical parameters. To this error, we add in quadrature
a random reconstruction error of 40 km s−1 according to
the mean (both on amplitude and by component).

4.2. Estimating the local Ωm

We present, in Fig. 4, the result of the comparison of
observed peculiar velocity field vs. reconstructed pecu-
liar velocity field in the volume of radius 3,000 km s−1.
Both fields have been obtained using adaptive smoothed
interpolation on the the line-of-sight component of the
velocities (observed or reconstructed) of the objects put
at their redshift position (Appendix C). As we are using
the redshift coordinates, and not the distance-induced
coordinates, we should be free of the so-called volume

virialized motions

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

Redshift-space distortions
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Redshift-space distortions



Redshift-space distortions in WiggleZ
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Growth rate measurements from WiggleZ
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Growth rate measurements from WiggleZ
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Growth rate measurements from WiggleZ
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Density and velocity power spectra in WiggleZ

Exploit the different angular dependences ...

Determine velocity power spectrum: Determine stochastic bias:

arXiv:1104.2948



Alcock-Paczynski measurement

True appearance of
cluster of galaxies :

Appearance in assumed
cosmological model :
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Alcock-Paczynski measurement in WiggleZ

arXiv:1108.2637



Measurements of DA H marginalized over growth

Alcock-Paczynski measurement in WiggleZ

arXiv:1108.2637



Supernova distance-redshift relation

Alcock-Paczynski measurement in WiggleZ

arXiv:1108.2637



Model-independent cosmic acceleration

• With current data, the accelerating expansion can 
only be established by assuming a cosmological model

• But, the importance of dark energy lies in the fact 
that we don’t know what this model should be!

• Can we demonstrate the acceleration model-
independently or non-parametrically?

• Need to measure the Hubble parameter as a function 
of redshift :



Non-parametric expansion history

arXiv:1108.2637



Reconstruction of H(z) using 
Shafieloo et al. method

Non-parametric expansion history

arXiv:1108.2637



Non-parametric expansion history
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Neutrino mass limit from WiggleZ P(k)

arXiv:1112.4940
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Combined WiggleZ power 
spectrum dataset compared 

to various models :

Probability histogram for the 
sum of neutrino masses : WiggleZ + WMAP7 : 

0.60 eV (95% limit)

WiggleZ+WMAP+H0+SDSS-BAO: 
0.29 eV (95% limit)

Riemer-Sorensen et al.



Transition to cosmic homogeneity

Homogeneity in the WiggleZ survey 11

Figure 6. Same as for Fig. 5 but for the correlation dimension D2(r). The D2(r) measurements for the combined WiggleZ data in
each of the four redshift slices are shown as black error bars. A ΛCDM model with best-fitting bias b2 is shown in blue. A 5th-degree
polynomial fit to the data is shown in red. The red errorbar and label show the homogeneity scale RH measured by the intercept of the
polynomial fit with 2.97 (1% away from homogeneity), with the error given by lognormal realisations. This scale is consistent with the
ΛCDM intercept with 2.97, labelled in blue.

Figure 7. The effect of bias on a ΛCDM N (< r) model (left) and D2(r) model (right) at z = 0.2. Increasing bias increases the value
of N (< r) on small scales, and decreases the value of D2(r) on small scales, and produces a larger homogeneity scale, as seen by the
intercepts of the curves with 1% of homogeneity (N = 1.01 and D2 = 2.97, red dotted lines).

c© 2002 RAS, MNRAS 000, 1–??

Measurement of the correlation dimension N(<r) ~ rD
Scrimgeour et al.

(submitted)



Other analyses in progress ...

• Cosmo-MC module for P(k) and data release

• Limits on modified gravity theories

• Higher-order clustering (non-Gaussianity , skewness)

• BAO reconstruction and 2D fitting for DA(z) / H(z)

• Clusters and voids

• Cosmic topology (genus)

• Turnover in power spectrum (early-universe physics)



• Baryon acoustic peak detected at ~3-sigma 
significance and measures cosmic distances to z=0.8

• WiggleZ gives most accurate growth measurement, 
extending previous work to higher redshift

• Alcock-Paczynski effect allows direct reconstruction 
of H(z) at high redshift

• G.R. + Lambda models remain a good fit

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

Summary of results from WiggleZ


