
What is the best way to measure BAOs?

We use 50 very large volume N-body simulations to investigate the BAO signature in the two-point correlation func-
tion. We find that the correlation function is less affected by scale dependent effects than the power spectrum. We
show that a model for the correlation function proposed by Crocce & Scoccimarro, based on renormalised perturba-
tion theory (RPT), gives an essentially unbiased measurement of wDE. This means that information from the large
scale shape of the correlation function, can be used to provide robust constraints on cosmological parameters, pro-
viding a better constraint than the more conservative approach required when using the power spectrum (i.e. which
requires long wavelength shape information to be discarded).

A complete model of the large scale shape ofξ(r) must
take into account the effects of the non-linear growth of
fluctuations, the scale dependence of the bias factor and
redshift-space distortions. In order to assess the impact
of these effects on the correlation function, we used an
ensemble of 50 very large volume N-body simulations,
the L-BASICCII [1,3]. We measured the correlation
function of the dark matter and of different halo samples
in both real and redshift-space in each of the realizations
in the ensemble. The results are shown in Figure 1.

Based on RPT, [2] proposed a model to describe the ef-
fect of the mode coupling onξ(r) near to the acoustic
scale. We tested this ansatz by comparing the results from
our simulations against the non-linear correlation func-
tion given by

ξnl(r) = ξlin(r) ⊗ G̃(r) + Amc ξ′linξ
(1)
lin (r), (1)

whereξ′lin = d ξlin/d r andξ
(1)
lin (r) ≡ r̂ ·∇−1ξlin(r). The

functionG̃(r) is the Fourier transform of
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Figure 1. Mean correlation functions atz = 0 from our ensemble of simulations in real-space
(circles) and redshift-space (triangles) for dark matter (panel (a)) and halos in samples 1, 2 and
3 (panels (b), (c) and (d)). The error bars show the variance from the estimates in the different
realizations. To highlight the acoustic peak we showξ(r)×r2.5. The results in redshift space
are divided by the Kaiser (1987) boost factor. The results for the halo correlation functions were
scaled by the bias factors shown in the annotations in each panel. The solid lines show the fits
to the simulation data with the model of Eq.(1). The dotted lines show the estimates of the
variance for each sample.

Figure 2. Constraints onα andk⋆ obtained using the mean real-space (solid lines) and redshift-space
(dashed lines) dark matter correlation functions from the ensemble of simulations at redshiftz = 0,
0.5 and 1 (panels (a), (b) and (c) respectively)

We assume that the values of all cosmological parameters are
known, apart fromwDE. In this case, the effect of a variation
in wDE can be represented by a rescaling of the distances by
a ‘stretch’ factorα = rtrue

rapp
.

We analyse the constraints onα using the model of Eq.(1),
treatingk⋆ andAmc as free parameters. The results are shown
in Fig. 2. The constraints ofk⋆ = 0.115 ± 0.009 at z = 0
can be compared with the predictions of RPT [2] which gives
k⋆ = 0.117h Mpc−1.

To address the question of which two-point statistic is the
more powerful for extracting the BAO, we repeated the power
spectrum analysis carried out by [1]. These constraints are
summarised in Table 1.

This test shows that the full large-scale shape of the corre-
lation function can provide tighter constraints onwDE than
ones in which the scale of the acoustic oscillations is extracted
from the power spectrum.

Constraints onα

Sample id z Fits toξ(r) Fits toP (k)

0.0 1.003 ± 0.008 1.006 ± 0.008
DM 0.5 1.002 ± 0.005 1.002 ± 0.007

1.0 1.000 ± 0.003 1.000 ± 0.006

0.0 1.002 ± 0.013 0.997 ± 0.019
Halos 1 0.5 0.999 ± 0.012 1.004 ± 0.019

1.0 1.003 ± 0.015 0.992 ± 0.020

0.0 1.004 ± 0.011 1.009 ± 0.020
Halos 2 0.5 1.010 ± 0.016 0.972 ± 0.020

1.0 1.009 ± 0.022 0.994 ± 0.027

0.0 1.003 ± 0.015 1.002 ± 0.015
Halos 3 0.5 0.997 ± 0.018 1.009 ± 0.015

1.0 1.010 ± 0.027 1.008 ± 0.023

Table 1. Comparison of the constraints on the stretch factorα obtained using the model of Eq.(1) for
the correlation functions and by applying the fitting procedure of [1] to the real-space power spectra
of the dark matter and the different halo samples. The first column gives the label of the sample. The
second column gives the redshift output. Columns 4 and 5 give the obtained constraints onα.
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