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1. Introduction

One of the most significant scientific discoveries of recent years is ttadniy is our Universe
expanding, it is doing so at an increasing rdle[J1, 2]. Understandingisriggin of the current
phase of accelerated expansion is one of the most important unsoh@dmsoin physics today,
as it may have far reaching implications for our knowledge of the fundarkemta of nature.
Within the context of homogeneous and isotropic solutions to Einstein’s gleredativity, the
attractive force of gravity due to all know constituents of the Universeilshlead to a deceleration
of the expansion. Then, the observed acceleration implies that the totglyatensity of the
Universe is dominated by an exotic component, dubbed dark energgewhbpulsive effect drives
the acceleration of cosmic expansion. Although current observatiomslto detect the presence
of this component, its true nature still eludes our understanding. A keygyothat can be used to
characterize it is the dark energy equation of staig, = ppe/Ppe, Wwhereppg andppg correspond
to the pressure and density of dark energy, respectively. Cuillbsgtwations are consistent with the
so-calledACDM cosmological model, in which the dark energy component can be cikared
by a constant equation of statge = —1 which can be associated with the quantum energy of the
vacuum or Einstein’s cosmological constant. A detection of a deviationviiggs= —1, at any time
in cosmic history, would have strong implications on our understanding aficazcceleration.

The first step into solving the mystery of cosmic acceleration is to obtain decmeasure-
ments of the expansion history of the Universe. Observations of the-daaje galaxy clustering
can provide us with such measurements. Galaxies form a variety of sesethich encode valu-
able information about our Universe. Observations of this clusteringrpditeve played a central
role in establishing the current standard cosmological mp]|[3 — 6], @ebdipected that they will
continue to do so in the coming years. The information provided by obsemgaifdhe large-scale
structure (LSS) of the Universe is highly complementary to that of cosmic mése background
(CMB) measurements, as it helps to break degeneracies between cartimeper combinations
which are inherent to this datasft [7]. The combination of CMB and LSSel@thas been used to
place tight constraints on the basic set of cosmological parameters,tiegtiti@ range of possible
deviations from the of th&CDM model [$,[IP[T1]]9 I12F15].

Over the past decades the size and quality of galaxy redshift suresymt¢reased dramat-
ically. The pioneering efforts of the CfA Redshift Survdy][16] and ttes ICampanas Redshift
Survey (LCRS) [M7], which provided the first clear three-dimensiomal of the galaxy distri-
bution in the local Universe, were followed by several other surveyering different volumes.
Among them the two-degree Field Galaxy Redshift Survey (2dFGR$)di8lthe Sloan Digital
Sky Survey (SDSSJ]19] have played a pivotal role at mapping the-kegke galaxy distribution,
providing the first accurate large-scale galaxy clustering measuremm&htaaxking the start of a
data-rich era in cosmology.

Driven by the potential of LSS observations for shedding light on thereaitidark energy,
the tendency to construct increasingly larger surveys will continue indh@ng years. A new
generation of galaxy surveys is currently being constructed or dasigereamples of these new
surveys include the completed WigglelZ][20], the ongoing Baryon OscillatpsttBoscopic Sur-
vey (BOSS) [21L], and future surveys like the ESA space mission EYdH By probing larger
volumes, these surveys can provide more accurate views of the laaigagataxy clustering pattern
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than ever before, offering an opportunity to obtain new constraintsmypiom dark energy, but also
neutrino masses, the curvature of the Universe or inflationary physics.

This revolution in the observational data poses a challenge for our tieabnenderstanding
and modelling of LSS observations, which is in danger of lagging behine thew advances.
The increase in the amount and quality of the observational data in the comang will lead
to a drastic reduction of the statistical errors of LSS measurements. In titex€athe control of
the systematic errors introduced by our analysis techniques becomies aslibese might become
dominant in the final error budget. LSS observations are affecteddby-dependent effects which,
if not taken into account correctly, might jeopardise their use as preatsismological probes.
Fortunately, new theoretical tools have been developed over the pagtées that might hold the
key to extracting unbiased cosmological information from LSS datasetsiew of these rapid
improvements in the observational side, it is timely to review these recent@san

Here we review the basic aspects of the statistical analysis of large-taaiige observa-
tions, and the results that present day galaxy samples can providectlartg we describe the
most commonly used statistical tools to analyse galaxy surveys, the two-paiakation function
and the power spectrum. In Sectifjn 3 we analyse the potential systematicsulthaffect LSS
measurements as well as the models that can be used to describe them or to niir@imisgact.
In Section} we use recent results from BOSS to illustrate the cosmologitstraimts achievable
with present day galaxy catalogues. Finally, Sedfjon 5 contains our matiusns.

2. Statistical analysis of large-scale structure observains

The most commonly used tools to extract cosmological information out of gakdshift
surveys are two-point statistics such as the correlation funci¢s), and the power spectrum,
P(k). These are defined in terms of the fluctuations in the density field

n(x)—n

8(x) = ==, (2.1)

wheren(x) represents the density at a given locatieamdn corresponds to the mean density field.
The two-point correlation function is given by

¢(r) = (3(x)8(x+r)), (2.2)

where the brackets represent an ensemble average. The hypofhesisageneity and isotropy
of the density field imply that the correlation function must depend only on thaulmeaf the
separation vectar=|r|

Another commonly used tool is the galaxy power spectrik), defined in an analogous
way as the two-point correlation function, but in terms of the Fourier toansfof the density
quctuations,S(k), as

(8(k)a(k') ) = (2m*p (k —K)P(K). (2.3)

wheredp (k) is the usual Dirac delta function. It is easy to show that the power speetnginthe
two-point correlation function are a Fourier transform pair, with

£ = 55 [ PQolkniedk (2.4)
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Figure 1. Left: the large-scale correlation function of the LRG saefipbm SDSS DR3 []. The BAO signal
appears as a broad peak on large-scales which can be seeolesohgin the inset. Figure from Eisenstein
et al. @]. Right: the upper panel shows the power spectruthefinal 2dFGRS. The BAO signal can be
seen more clearly in the lower panel, which shows the ratthiefmeasurement to a reference function with
the same overall shape but no oscillations. Figure from €big. ﬁ].

wherejo(X) is the spherical Bessel function of order zero.

The left-had panel of Fig] 1 shows the measurement of the large-seaddation function of
the Luminous Red Galaxy (LRG) sample from the SDSS data release 3 (BRI right-hand
panel of the same figure shows the power spectrum of the final 2dFBJRBhe full shape of these
functions encode useful cosmological information. Measurements of giasstics from various
galaxy samples have been used, in combination with other datasets, to oltsiraictts on the
values of the basic cosmological parametfr$][$} €, 8 —15].

A special feature of the large-scale galaxy clustering provides a javmeethod to probe the
expansion history of the Universe: the signature of the baryon acasstitations (BAO). These
are fluctuations in the density field caused by acoustic waves which @tguhitnrough the photon-
baryon fluid prior to recombination. The signature of the BAO appeardasaal peak in the large
scale correlation functiorf [R3], which can be clearly seen in the insepplbie left-hand side of
Fig.[d. In the power spectrum, the BAO signal appears as a small oscilatgijtude modulation
which can be seen more clearly in the lower panel of the right-hand sidg.§ Fvhich shows the
ratio of the 2dFGR®(K) to a reference function with the same overall shape as the measurement,
but no oscillations. The measurements shown in this figure correspondficstitetections of the
BAO feature in the large-scale galaxy clustering. Since then, the BAOIdigisebeen confirmed
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with increasing precision using a variety of datasets and technifjygs3 4511

The mere detection of the BAO signal in the large-scale galaxy clusteringrisis@nt, as
it confirms a clear prediction of the current paradigm of the growth oft&ira by gravitational
collapse from the small density fluctuations that can be seen in the CMB.Beiid, the BAO
signal is important for more practical reasons. The position of the acqestic in the two-point
correlation function and the wavelength of the oscillations in the power speetre closely related
to the size of the sound horizon at the drag redshifizy). As this scale, of about 150 Mpc
(comoving), can be measured with high accuracy from CMB observatgiis the BAO signal
inferred from galaxy clustering measurements can be used as a stan@ardrhe apparent size
of the BAO ruler in the directions parallel and perpendicular to the linagiftscan be used to
measure the redshift evolution of the Hubble parameétéz), and the angular diameter distance,
Da(2) [P8]. However, when dealing with angle-averaged measurements suitlose shown in
Fig.[d, the BAO signal is only sensitive to an average distaDgéz), given by [6]

, , ¢z 1/3
Dv(z) = (14 2)°Da(2)* . 2.5
vd = ((r2oa@ ) 25)
In this way, BAO measurements from galaxy samples at different redshiitbe used to probe the
redshift-distance relation. Without including the CMB informationrgfzy), BAO measurements
can constrain distances relative to the size of the ruler, th8i&z) /rs(z4). Thanks to the BAO
signal LSS observations offer one of the most promising routes to obteimaie constraints on
Wpe and its possible evolution with time.

3. Modelling large-scale structure observations

The quality of current and future galaxy surveys demands the usewfae models to extract
unbiased cosmological constraints. In this section we review the potendigihsstic effects that
affect LSS observations (Sectipn]3.1), the way in which they can be takeraccount in our
models (Sectiof 3.2), as well as a technique that can reduce their impetio(§23).

3.1 Potential systematics of clustering measurements

In order to establish the link between LSS observations and cosmologic&lsnsanplify-
ing assumptions were usually made in which galaxy clustering was expectedétydollow the
predictions of linear perturbation theory for the matter. However, thanksuwodevelopments in
perturbation theory and the analysis of large N-body simulations, it hasrieeclear that this sim-
ple picture is not sufficiently accurate to describe current dates¢tsP@]7 Even on large scales,
the clustering of galaxies is distorted by the non-linear growth of densityufitions, redshift-
space distortions and a possible non-trivial relation between the distriboftigalaxies and the
underlying dark matter density field. We will now see how each of thesetsftdange the shape
of the large-scale clustering measurements.

The effect of non-linear evolution on large-scale clustering measutsman be seen in the
blue circles in the left-hand panel of F{g. 2, which correspond to the réiégjrof an ensemble of
large-volume N-Body simulation§ [BP,]29]. The shaded region indicategatfience between the
different realizations. The shape of the BAO peak strongly deviates tihe predictions of linear
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Figure 2: Left: mean large-scale matter correlation function fromesmsemble of large-volume large-

volume N-Body simulationsm;d:IZQ] in real- (circles) andiskift-space (squares). Right: equivalent to
the left panel but for a sample of dark matter halos in the ssahef simulations. The Non-linear evolution

of density fluctuations and redshift-space distortionsdifthe shape of the BAO peak.

perturbation theory, which are shown by the dashed line. Non-linedutewodamps the acoustic
peak and shifts its centroid towards smaller scales. If unaccounted dgse thistortions can bias
the constraints obtained from large-scale clustering measurements.

A further complication of the analysis of galaxy clustering measurements isodihe fact
that the distances to individual objects are inferred from their obsepdshifts z,,s. Besides the
component due to the universal expansion, these contain an extréogtotr due to the peculiar
velocities of the galaxies along the line of sight, as

1+ Zobs= (1+ Zcos) (14 Zpec) » (3.1)

with Zyec = Vvj/C. This means that the inferred radial distances deviate from the truedistest-

ing the observed clustering pattern. However, as the galaxy peculiaityefield is induced by
the underlying matter distribution, it is possible to model the distortions that wik amis given

cosmological model. This is a simple problem in the linear regime, where redghife distor-
tions lead to a scale-independent boost of the amplitude of the powerwspetd the correlation
function by a factor[[31]

_&(r) 2 1
S= £ = <1+3f+5f2>, (3.2)

wheref =dInD/dInaandD(a) is the growth factor of density fluctuations.

The red squares in the left-hand panel of [fig. 2 correspond to the roe@tation function of
the same ensemble of simulations, but measured using the redshift-spiics @bshe particles.
Here, the measurements have been rescaled by the inverse of theawosbf equation[(3]2),
which correctly accounts for the change in the overall amplitude of theletion function. There
is, however, a more subtle effect of redshift-space distortions on #peshfés(r), as they lead to
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an extra damping of the BAO peak, which can be associated with the smetivegvelocity field
along the line of sight due to large-scale random motions, such as thesfioig&od effect[[32].

Additionally, our observations probe the galaxy density field, which coald modified ver-
sion of the underlying matter distribution. According to the current undedstg of galaxy for-
mation, galaxies are hosted within dark matter halos. Hence, the analysisahfistering of dark
mater halos from N-body simulations can give us a first order descriptigalaxy clustering. On
large scales, a simple linear relation is expected to hold between the fluctuatibesdensity of
halos of a given mass, &,(r|m), and the matter density field, that [s][33] 34]

&n(r[m) = b(m)3(r). (33)

This implies that the correlation function of dark matter hatpgr), will be related to the matter
correlation function by a scale-independent effective bias fabfgr= &n(r)/&(r), which can be
computed by taking the weighted average of the b{@s) over the selected halo sample as

_ Jo @(m) b(m)n(m) dm

Pt = = p(myn(m) dm (3.4)

wheren(m) is the mass function of dark matter halps|[34], arich) represents the mass selection
function applied to construct the halo sample. Additionally, the halo correlatiation is affected
by redshift-space distortions which, in the linear regime, lead to a rescdlithge @mplitude of
&n(r) by a factor analogous to that of equati¢n [3.2), whetie replaced by the parametgr=

f /Def.

The right-hand panel of Fid] 2 shows the mefir) of a sample of halos from the same
simulations in real- (blue circles) and redshift-space (red squares)teBt-space halo correlation
function has been rescaled to match the amplitude of the n€iteusing its effective bias factor.
The redshift-space results have also been rescaled by the Kaisefdmosfor the same effective
bias. These measurements show that the scale-dependent effeets lspun-linear evolution
and redshift-space distortions depend on the particular halo sample bgihged and do not
correspond exactly to those of the matter distribution, adding an extra cotigalitathe modelling
of LSS observations.

Although this discussion has been based on the two-point correlatiotidonthe power
spectrum is also affected by these scale-dependent effects in a simjliB@aThese distortions
cannot be ignored when modelling LSS observations as they could leadgmifecant bias in the
obtained cosmological constraints.

3.2 Modelling large-scale structure observations

Improving our theoretical understanding of galaxy clustering has beem#in focus of sub-
stantial work over recent years. The modelling of the non-linear evolatiaensity fluctuations
has been revitalized by several new approaches to perturbation tf@&e+B8], which provide
a better understanding of the physical processes that shape clustex@sgirements such as the
power spectrum or the correlation function.

Within the theoretical framework of Renormalized Perturbation Theory JREfocce &
Scoccimarro [[35] showed that the series expansion describing théneam-power spectrum,
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RAuL (k,2), in standard perturbation theory can be reorganized as the sum of hiribations con-
taining different physical information, of the form

PNL(k72) = H_(k,Z)GZ(k, Z)+PMC(k72)7 (35)

where the redshift evolution of the linear-theory power spectiartk, z), is given by the linear
theory growth factob(z). The functionG(k, z), dubbechon-linear propagatorweights how much
power can be directly linked to the linear epoch, whilg: represents the power arising from the
coupling of different Fourier modes. To a good approximation, the naafipropagator is of

Gaussian form,
2
G(k, 2) ~ exp (— (\/;k) ) , (3.6)

with a damping scalé,, is given by

k.(2) = {6;2 / ok R (k, z)] o (3.7)

The mode coupling power spectrum is given by the sum of an infinite nunfilbermas ordered by
the number of initial modes coupled. At the lowest ord&iz (k) is generated by the coupling of
two modes, which at lovk-can be approximated by

I:)1loop(k) = 2]7:[2/d3q“:2(k_QvQ)’2H(|k_Q|)H(Q)> (3-8)

whereF,(k,q) is the second-order kernel of standard perturbation theory. A méaéetbdescrip-
tion of these functions is presented in Crocce et[al. [39].

In configuration space, equation {3.5) implies that the non-linear cornelatietion will be
given by an analogous decomposition

EnL(r,2) = EL(r,2) @ G?(r,2) + Emc (1, 2), (3.9)

Whereé(r, z) is the Fourier transform of the non-linear propagator and the symbddnotes a
convolution. The first term in this equation corresponds to the convolufidheolinear theory
correlation function with a nearly Gaussian kernel, which is responsiblehéodamping of the
acoustic peak. In turn, the contribution of the mode-coupling term at layes@parations can be
computed to leading order using equatipn]|(3.8), yielding(r) 0 &/ (r) Elfl)(r) (B8], whereé/ (r)

is the derivative of the linear theory correlation function iﬁjd(r) is given by

&0(r) =F-07(r) = 4 [ RO falknkek (3.10)

with ji1(y) denoting the spherical Bessel function of order one.
Based on these results, Crocce & Scoccimdrrp [28] proposed to medghape of the galaxy
correlation function on large scales using the following parametrization

EuL(r) = b2{EL (N @e & L Ayc & (N &P ()1, (3.12)

whereb, k, andAyc are treated as free parameters. An analogous parametrization cannael defi
for the power spectrunf [#1]. These parametrizations give an acaleateiption of the results of
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Figure 3: Mean redshift-space two-point correlation function of eafé00 mock catalogues of the BOSS-
DR9 CMASS sampleIEO]. The shaded region corresponds tceiti@nce between the different realizations.
The shape of the measured correlation function deviates fhe prediction of linear perturbation theory,
shown by the dashed line. The solid line corresponds to tfapetrization of the galaxy correlation function
of equation (3.11), which gives an excellent descriptiothefresult obtained from the mock catalogues.

N-body simulations at various redshifts for both real- and redshiftespeormation [2p[41], and
have been used in the analysis of real galaxy clustering measureinéigd [I3,[I¢[12].

An illustration of how accurately the parametrization of equation [3.11) carodece the
spatial clustering of true galaxy samples can be seen ifJFig. 3. The poirgspond to the mean
correlation function from an ensemble of 600 mock catalogues of the CMaS®le from BOSS
DR9 (see Sectiof] 4). To highlight the shape of the acoustic peak, this resssit has been
rescaled by(r /rs)?®, wherers = 1532 Mpc corresponds to the sound horizon at the drag redshift
for the underlying cosmological model of the mock catalogues. The shadésh corresponds
to the variance between the different realizations. This measuremengdsealfoy the same po-
tential problems as real observations: non-linear evolution of densitipétions, redshift-space
distortions, galaxy bias of a sample including both central and satellites,reordtaivial geometry.
Even in this case, the model of equatipn (B.11), shown by the red solid &inegice an excellent
description of the full shape d(s).

3.3 Reconstruction

Although the effects of non-linear evolution can be modelled and includeckithéoretical
description of a given measurement, the damping of the BAO signal leads égradation of
the achievable accuracy. A complementary approach is to apply corettitime galaxy positions
prior to the estimation of the two-point correlation function or power spectouraduce the impact
of these systematics. This is the general idea behind the “reconstructibmidgee [4B].

The dominant source of the damping of the BAO feature is the coherert flav arise from
the clustering pattern itself. This means that the same galaxy sample used tohaeBA0 feature
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Figure 4: The unreconstructed (left) and reconstructed (right) esagleraged correlation functions of the
LRG sample of SDSS DR7. Reconstruction sharpens the acqestk iné (r), increasing the significance
of its detection. Figure from Padmanabhan et[al. [42].

can also map the cosmic structure responsible for its degradation. Onesoefiotd use these data
to infer the large-scale flow field and partially undo the damping of the BA@ifea

In practice, reconstruction is performed by computing a displacement figldased on the
Zel'dovich approximation and the description of redshift-space distoriioite linear regime[[42].
Assuming a curl-free displacement field, such tifat —¢, this displacement can be estimated
from the measured redshift-space galaxy density fi@dpy solving the equation

D2+ f O (Op-3)8) = ig, (3.12)
wheres corresponds to the line-of-sight direction. Once the displacement fisldden obtained,
it is used to move the galaxies closer to their initial positions. An illustration of theltseof
this procedure can be seen in Fif. 4, which shows the unreconstriet®dagd reconstructed
(right) angle-averaged correlation functions of the LRG sample of SDSBfibm Padmanabhan
et al. [42]. Reconstruction significantly sharpens the acoustic peakntgto and increasing the
significance of its detection from 3@ in the unreconstructed case to 4rafter reconstruction.

Although Gaussian density fluctuations can be completely characterizecipyvtio-point
statistics, non-linear evolution transfers information to higher ordersorf&aiction partially re-
stores this information back to the two-point statistics of the density field. In this this tech-
nique makes it possible to extract more information from two-point clusterirgsorements than
what is obtained through their accurate modelling in the non-linear regimeeriargl however,
reconstruction will not be perfect and residual non-linearities mustiemtato account by means
of accurate models.

4. Current constraints from LSS observations: The Baryon Osciation
Spectroscopic Survey

In this section we review the constraints on cosmological parameters attairsatjgoresent-
day LSS datasets. For this, we use recent results based on the Bagitlation Spectroscopic

10
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Figure 5: Center: average number density as a function of redshith®ISDSS-1I (dash-dotted), LOWZ
(dotted), and CMASS DR9 galaxies from BOSS. Figure from Dawet al. ].

Survey (BOSS)[[31] as an example. BOSS is one of the four compone8BSS-11I [44], de-

signed to provide high-precision BAO measurements at intermediate redghif@s5) from large-

scale galaxy clustering, and at high redshift(2.5) from the Ly forest signal inferred from a
quasar sample. Fifl} 5 shows the number density of BOSS galaxies agiarfuricedshift. BOSS
contains two separate galaxy samples, dubbed LOWZ and CMASS, opwifiarent redshift

ranges whit a roughly constant number density of 3 x 10~*h3Mpc 3.

The data corresponding to the first two years of observations of B@S®den publicly re-
leased as a part of the SDSS Data Release 9 (ORP) [45]. Even thouglaniide corresponds to
about one third of the final survey, it is already the largest galaxy aatalavailable, making it
ideally suited for large-scale structure analyses. The first galaxy chgtemeasurements based
on this dataset have shown clear detections of the BAO fedtdre [15]cifidles in the left hand
panel of Fig[p correspond to the measurement of the correlation furaftitle CMASS galaxy
sample of BOSS-DR9 obtained by Sanchez et[al. [12]. The acousticcpedte clearly seen as a
broad bump on large scales. The squares in the same figure corréggbadorrelation function
of the LRG sample of SDSS-DR3 from Eisenstein et[dl. [6]. The left-hatelaf Fig. [f shows a
similar comparison between the BAO signal in the CMASS power spectrumAmaierson et al.
[[H] (lower panel) and that of the final LRG sample of SDSS-DR7 [9]e €bmparison of these
measurements clearly illustrates the improvement in the accuracy of the L8&atitns asso-
ciated with new galaxy surveys like BOSS. Despite the differences in thetisttesrrors, mean
redshifts, and galaxy populations, these measurements show a completatent picture of the
BAO features irg (r) andP(k), indicating the robustness of the results.

The galaxy clustering measurements from BOSS have been used to icocssraological pa-
rameters[[12[ 39, #§, 4 7]. In particular, Sanchez efa). [12] exgltire cosmological implications
of the full shape of the angle-averaged correlation function using treamrization described in
Section3]2, combining this information with recent CMB, Type la superngd,(and additional
BAO measurements from other surveys. An example of the obtained doisttan be seen in

11
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Figure 6: Left-hand sidel: spherically averaged two-point corielatunction of the BOSS CMASS sample
(circles), compared to the LRG correlation function frorseistein et al[[6]. The dashed line corresponds
to the best-fitting\CDM model to the BOSS data. Right-hand side: BAO signal ingbaer spectrum of
the CMASS sample from BOSS-DR9 (lower panel) compared wihaf the final LRG sample of SDSS-II.
Figure from Anderson et aI|__[]L5].

Fig.[1, which shows the two-dimensional constraints inGg — wpe plane obtained from differ-
ent dataset combinations. The CMB-only results (blue dashed lines) ealsbibng degeneracy
which covers a wide range of valueswife. The solid lines show the effect of including the in-
formation of the CMASS two-point correlation function in the analysis. Thizda alleviate the
degeneracy obtained from the CMB observations, substantially tighteréngotistraints on the
dark energy equation of state. Including also additional BAO and SN dalte ianalysis leads to
a final constraint ofvpg = 1.03+0.07, in excellent agreement with the standA@DM model
value ofwpg = 1, indicated by a dotted line.

All galaxy clustering measurements from BOSS are in complete agreement eihatidard
ACDM model. This can be seen in Hip.6, where the dashed line correspahesiediction for the
correlation function in this cosmological model, which gives an excellent miatobth the location
of the BAO peak and the full shape of the correlation function. This agee¢is reinforced when
several LSS observations are combined. As discussed in SElction 2pB#vations can be used
to measure the combinatid (z)/rs. The left panel of Fig[]8 shows the distances inferred from
BAO measurements on various spectroscopic data[séts |15] 24] 4&<k2iled by a fiducial value
rf = 15319 to express the results in Mpc. The grey region corresponds todharddiction from
WMAP assuming a flabhCDM model. The agreement between these prediction and the various
BAO measurements is excellent. A more detailed view of these measuremenis saenbin the
right panel of Fig[[B, which shows the BAO distance measurements dibigidte WMAPACDM
prediction. The BAO results agree with the best-fitting WMAP model at the femcpnt level.
The dashed line corresponds to the best-fitth©@DM model to the combination of WMAP with
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Figure 7: Two-dimensional joint constraints in tepg — Wpg plane. The contours show the 68 and 95
per cent confidence levels obtained using CMB data alone (téished lines) and CMB plus the CMASS
two-point correlation function (red solid lines). The CMBIp constraints show degeneracies which can be
reduced by the extra information contained in the shapeeo€IMIASS two-point correlation function. The
green dot-dashed lines correspond to the results obtaihed the additional BAO and SN information is
added to the CMB+CMASS combination. These results are i ggweement with the standafidCDM
value ofwpg = —1, indicated by the dotted lines.

the BAO measurements shown in the figure, which gives an excellenitéstito all data sets.

5. conclusions

Current galaxy clustering measurements offer more accurate views gatary clustering
pattern than ever before. These observations can play a major roldexstanding the origin of
cosmic acceleration, but they demand the use of accurate models to avoitliaiig systematic
errors or biases in the obtained constraints. Although more work needs dori®, the recent
developments in the modelling of non-linear evolution of density fluctuatiodshit-space dis-
tortions and galaxy bias, as well as the methods to minimize these distortions,epusvidith
powerful tools to extract cosmological information out of these obsemstitelping to reach their
maximum potential.

Current galaxy clustering measurements can place strong cosmolognsdtaiots. These
are completely consistent with the stand&@DM model, which is able to accurately describe
a variety of observations, ranging from SN Type la to the CMB. Fututexgasurveys such as
Euclid will provide even more accurate views of the large-scale clustegtignp in the Universe.
These new surveys will be accompanied by the release of the CMB mesntgefrom the ESA
Planck satellite in early 2013. The combination of these datasets will unddyipredide new,
more stringent constraints on cosmological parameters, puttiry@mE#V model to a much more
rigorous test.
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Figure 8: Left-hand side: distances inferred from BAO measuremamtsaous spectroscopic surve[15,
@,,]. The grey region corresponds to the frediction from WMAP assuming a fltCDM model,
which shows a good agreement with the BAO measurementst-Régtd side: BAO distance measurements
divided by the WMAPACDM prediction. The dashed line corresponds to the besigitt CODM model to
the combination of WMAP with the BAO datasets shown in the fguigures from Anderson et a[[lS]
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