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Cosmic Cartography
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VIPERS W1 field 
(Granett)

The Cosmic web 
★ groups, clusters 
★ filaments 
★ voids

Moments of the density field 
★ Correlation function 
★ Power spectrum 
★ Higher order statistics 
★ Redshift-space distortions 

Galaxy - dark matter connection 
★ Galaxy formation 
★ Semi-analytic models 
★ Halo occupation distribution

Cosmological model 
★ Dark energy 
★ Gravity 
★ Early Universe

Massively 
multi-object 

spectroscopic 
surveys
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★ VIMOS Public Extragalactic Redshift Survey

➜ Headquarters in Milano (PI: Guzzo)

➜ Strong international collaboration with ~ 70 scientists  
(Italy, France, Poland, UK, Japan)

➜ ESO large program

➜ 90k spectra

➜ Redshift > 0.5

➜ Ancillary data including X-ray, UV to IR 
plus galaxy shapes & morphologies

➜ Lensing sheer field over same area - CFHTLens

➜ Data releases: vipers.inaf.it

�3

VIsible Multi-Object  
Spectrograph (VIMOS)

VLT at Paranal

VIPERS

http://vipers.inaf.it
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VIPERS Targeting
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VIPERS targets two field in the CFHTLS
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VIPERS Photometric Selection

★ Selection is optimized for the 
target redshift range  
(Scodeggio, Coupon, Guzzo)

★ iAB=22.5 flux limit

★ Color pre-selection effectively 
targets galaxies at z>0.5

�5

Guzzo et al, 2014
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Cosmic Web
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★VIPERS measured 90k redshifts 
tracing the cosmic web at z > 0.5  
as a function of galaxy properties
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Cosmic Web
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★ Void catalog (Micheletti, Iovino, 2015)
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Tracking the growth of structure

★ The growth of structure with cosmic 
time is a sensitive probe of 
cosmology.

★ Acceleration slows the rate of 
structure formation

➡ Learn about dark energy and 
general relativity on 
cosmological scales

�8
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Tracking the growth of structure
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Tracking the growth of structure
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Growth over 4 Gyr (z=0 to z=0.8)

★ We must carefully control for 
galaxy bias to compare galaxy 
clustering at different redshifts.

➜ Sub-halo abundance matching 
(SHAM) with N-body 
simulation predicts galaxy bias. 
(Multidark)

➜ Rescaling simulations  
(Angulo & White 2010)
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SDSS z<0.2 Mr<-21.4

VIPERS logM>10 
0.5<z<0.7

Work in progress: 
Granett, A. Montero Dorta, G. Favole
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Going to redshift space

★ Spectroscopic surveys map the 3D 
distribution of galaxies in redshift space.

★ Line of sight distances are distorted due 
to peculiar velocities arising from:

➡ Bulk flows

➡ Random motions

★ Measures the derivative of the growth 
factor (Kaiser)

Let’s look at the distortions in 
VIPERS mocks.
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A distorted view

Mock
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Mock

A distorted view

�14 Mark Neyrinck (JHU/IAP)
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Growth of Structure

★ Peculiar velocities enhance modes along 
the line of sight through the Kaiser 
effect: 
 
 

➜ The power spectrum is distorted:

★ The growth factor D(z) is determined by 
the gravity model and acceleration and 
may also depend on scale.
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Fig. 7. Redshift-space two-point correlation function ⇠s(rp, ⇡), measured at 0.6  z  1.0 from flux-limited (top row) and volume-limited samples
(bottom row) of blue (left) and red (right) VIPERS galaxies (colour scale and solid contours). The measurements are binned in 1 h

�1Mpc bins
in both directions and have been smoothed with a Gaussian filter with dispersion � = 0.8 h

�1Mpc. The more prominent small-scale stretching
along the line of sight is clear in the clustering of red galaxies (right panels), which is almost absent for the blue galaxies (left panels). The dotted
lines overplotted on the two top panels report instead for comparison the corresponding (un-smoothed) estimates from the mean of the 153 blue
and red mock samples. The agreement of the blue mocks with the data is excellent. Conversely, the red mocks show, in addition to their known
slightly larger linear bias value, a significantly stronger small-scale stretching, indicating a higher non-linear velocity component with respect to
the data (see text for discussion). In the two bottom panels the look-up table has been normalised as to get the same top colour at the peak value
of ⇠s(rp, ⇡), while setting the bottom limit to ⇠s(rp, ⇡) = 0.01.

In Eq. (13) f (z) is the linear growth rate of structure, e|| is the
unit vector along the line of sight and u is the scaled velocity
field,

u = � (1 + z)
f (z) H (z)

v . (14)

In terms of the overall matter density contrast � = ⇢/⇢̄ � 1 the
mass conservation between true � and redshift-space �s reads

⇥
1 + �s

⇤
= [1 + �]

������
d

3s
d3r

������

�1

. (15)

In Eq. (15)
���d3s/d3r

��� is the Jacobian of the coordinate transfor-
mation in Eq. (13),
������
d

3s
d3r

������ = 1 � f (z) @kuk . (16)

Under the small-angle plane-parallel approximation in the
regime where the density contrast and the velocity gradients are
much smaller than unity, that is � ⌧ 1 and @kuk ⌧ 1 respectively,
and the velocity field is irrotational, the mass conservation in Eq.
(15) takes a much simpler form in Fourier space,

�s (k) = � (k) + ⌫2 f (z) ✓ (k) . (17)

Article number, page 8 of 20

VIPERS blue galaxies 
Mohammad,Granett+18

f =
d logD

d log a
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Multi-Tracer Analyses

★ Red and blue galaxies trace the same density field, but 
with different clustering amplitude.

�17

Blue galaxiesRed galaxies

Density field reconstructed in VIPERS 0.6<z<0.8 (Granett)
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Multiple Tracers and Systematics

★ Blue galaxies tend to be central in l0w-mass dark matter halos

★ Red galaxies live in massive halos with more satellites
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Fig. 7. Redshift-space two-point correlation function ⇠s(rp, ⇡), measured at 0.6  z  1.0 from flux-limited (top row) and volume-limited samples
(bottom row) of blue (left) and red (right) VIPERS galaxies (colour scale and solid contours). The measurements are binned in 1 h

�1Mpc bins
in both directions and have been smoothed with a Gaussian filter with dispersion � = 0.8 h

�1Mpc. The more prominent small-scale stretching
along the line of sight is clear in the clustering of red galaxies (right panels), which is almost absent for the blue galaxies (left panels). The dotted
lines overplotted on the two top panels report instead for comparison the corresponding (un-smoothed) estimates from the mean of the 153 blue
and red mock samples. The agreement of the blue mocks with the data is excellent. Conversely, the red mocks show, in addition to their known
slightly larger linear bias value, a significantly stronger small-scale stretching, indicating a higher non-linear velocity component with respect to
the data (see text for discussion). In the two bottom panels the look-up table has been normalised as to get the same top colour at the peak value
of ⇠s(rp, ⇡), while setting the bottom limit to ⇠s(rp, ⇡) = 0.01.

In Eq. (13) f (z) is the linear growth rate of structure, e|| is the
unit vector along the line of sight and u is the scaled velocity
field,

u = � (1 + z)
f (z) H (z)

v . (14)

In terms of the overall matter density contrast � = ⇢/⇢̄ � 1 the
mass conservation between true � and redshift-space �s reads

⇥
1 + �s

⇤
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In Eq. (15)
���d3s/d3r

��� is the Jacobian of the coordinate transfor-
mation in Eq. (13),
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������ = 1 � f (z) @kuk . (16)

Under the small-angle plane-parallel approximation in the
regime where the density contrast and the velocity gradients are
much smaller than unity, that is � ⌧ 1 and @kuk ⌧ 1 respectively,
and the velocity field is irrotational, the mass conservation in Eq.
(15) takes a much simpler form in Fourier space,

�s (k) = � (k) + ⌫2 f (z) ✓ (k) . (17)
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BAO & Complementary Probes of Acceleration

★ The baryon acoustic oscillation 
(BAO) feature marks a fixed co-
moving scale.

➜ The inverse distance ladder

➜ Expansion history

➜ Angular diameter distance

★ Redshift-space distortions sourced 
by the growth of structure

�19�19

Cosmological Analysis of BOSS galaxies 13
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Figure 5. The measured pre-reconstruction correlation function (left) and power spectrum (middle) in the directions perpendicular and parallel to the line of
sight, shown for the NGC only in the redshift range 0.50 < z < 0.75. In each panel, the color scale shows the data and the contours show the prediction of the
best-fit model. The anisotropy of the contours seen in both plots reflects a combination of RSD and the AP effect, and holds most of the information used to
separately constrain DM (z)/rd, H(z)rd, and f�8. The BAO ring can be seen in two dimensions on the correlation function plot. To more clearly show the
anisotropic BAO ring in the power spectrum, the right panel plots the two-dimensional power-spectrum divided by the best-fit smooth component. The wiggles
seen in this panel are analogous to the oscillations seen in the top left panel of Fig 3.

Table 4. Summary table of pre-reconstruction full-shape constraints on the parameter combinations DM ⇥
�
rd,fid/rd

�
, H⇥

�
rd/rd,fid

�
, and f�8(z) derived

in the supporting papers for each of our three overlapping redshift bins

Measurement redshift Satpathy et al. Beutler et al. (b) Grieb et al. Sánchez et al.
⇠(s) multipoles P (k) multipoles P (k) wedges ⇠(s) wedges

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.38 1476 ± 33 1549 ± 41 1525 ± 25 1501 ± 27

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.51 1985 ± 41 2015 ± 53 1990 ± 32 2010 ± 30

DM ⇥
�
rd,fid/rd

�
[Mpc] z = 0.61 2287 ± 54 2270 ± 57 2281 ± 43 2286 ± 37

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.38 79.3 ± 3.3 82.5 ± 3.2 81.2 ± 2.3 82.5 ± 2.4

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.51 88.3 ± 4.1 88.4 ± 4.1 87.0 ± 2.4 90.2 ± 2.5

H ⇥
�
rd/rd,fid

�
[km s�1Mpc�1] z = 0.61 99.5 ± 4.4 97.0 ± 4.0 94.9 ± 2.5 97.3 ± 2.7

f�8 z = 0.38 0.430 ± 0.054 0.479 ± 0.054 0.498 ± 0.045 0.468 ± 0.053
f�8 z = 0.51 0.452 ± 0.058 0.454 ± 0.051 0.448 ± 0.038 0.470 ± 0.042
f�8 z = 0.61 0.456 ± 0.052 0.409 ± 0.044 0.409 ± 0.041 0.440 ± 0.039

ods is consistent with what we observe in mocks (see Section 7.2
and Fig. 10). In all cases the µ-wedges analyses give significantly
tighter constraints than the multipole analyses, in both configura-
tion space and Fourier space. The consensus constraints, described
in §8.2 below, are slightly tighter than those of the individual wedge
analyses. At all three redshifts and for all three quantities, mapping
distance, expansion rate, and the growth of structure, the 68% con-
fidence contour for the consensus results overlaps the 68% confi-
dence contour derived from Planck 2015 data assuming a ⇤CDM
cosmology. We illustrate the combination of these full shape results
with the post-reconstruction BAO results in Fig. 11 below.

c� 2016 RAS, MNRAS 000, 1–38

DM (z)/rd
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VIPERS constraints

�20

VIPERS RSD blue sample
(Mohammad, Granett et al., 2018)

Voids (Hawken, Granett, Iovino)

Pezzotta, de la Torre

Mohammad
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Complementary Probes of Acceleration

★ Cosmic acceleration can be explained by a 
dark energy component or modification of 
General Relativity.

★ Measurements of the expansion history 
alone cannot rule out modifications to GR.

★ Growth of structure measurements break 
the degeneracy.

�21

4 M. Moresco & F. Marulli

Table 1. The best-fit values of the cosmological parameters let free to vary in the four models considered, using only H(z) data (first
column), only f�8(z) data (second column), or using the two datasets combined together (third column). The fourth and fifth columns
report, respectively, the values of �AICc and �BIC between the combined probes and the reference flat ⇤CDM Planck2016 cosmology.
The sixth and the seventh columns show the values of �AICc and �BIC when also the simulated data are included

.

H(z) f�8(z) combined �AICc �BIC �AICc �BIC
(combined vs. Planck2016) (combined+simulated vs.Planck2016)

� free – 0.65
+0.05

�0.04
0.65

+0.05

�0.04
3.1 1.2 14.6 12.6

⌦M free 0.33 ± 0.03 0.289 ± 0.008 0.292 ± 0.008 1.6 -0.3 2.0 0.0
�m⌫ free – 0.26 ± 0.10 0.26 ± 0.10 2.1 0.2 3.7 1.7
wDE free �0.96

+0.11

�0.12
�0.79

+0.14

�0.15
�0.90

+0.08

�0.09
-0.5 -2.4 4.3 2.3

after AICc). These methods compare the best-fit likelihood
functions of di↵erent models by weighting them by the num-
ber of free model parameters, thus penalising the overfitting
of the data. The two criteria are defined as follows:

AICc = �2 lnLmax + 2k +
2k(k + 1)
N � k � 1

, (1)

BIC = �2 lnLmax + k ln N , (2)

where Lmax is the maximum likelihood, k is the number of
the degrees of freedom of each model (k = 1 in our cases),
and N is the number of data points. The BIC is the most
conservative criterion between the two, disfavouring even
more an increased number of free parameters. The di↵er-
ences between AICc or BIC values are then used to compare
the models. Specifically, a model is considered to better rep-
resent the data on the base of the Je↵rey’s scale (Je↵reys
1961). According to this scale, a di↵erence smaller than 1
is inconclusive, between 1 and 2.5 is moderate, between 2.5
and 5 is strong and greater than 5 is highly significant. Com-
pared to the reference model, we find that the data prefer a
di↵erent value of � and �m⌫ with moderate to high signif-
icance (depending on the considered criterion), and of ⌦M

with weak significance. On the other hand, the improvement
that can be obtained with a di↵erent value of wDE turns out
to be not significant. Indeed both the AICc and BIC indi-
cate that the added w0 parameter does not improve the fit
in a statistically significant way with respect to the reference
one.

To summarise, the data considered in this work suggest
some deviations with respect to the flat ⇤CDM model with
one massive neutrino and Planck2016 cosmological parame-
ters. We get a better match to the data by assuming a larger
value of � with respect to the one predicted by general rel-
ativity. However, the current uncertainties in the data are
too large to discriminate between this model and a standard
model with massive neutrinos with �m⌫ ⇠ 0.26 eV. A sim-
ilarly good agreement (but with a smaller confidence) can
be obtained with a lower value of ⌦M , though the required
value would be in mild tension with Planck2016 constraints.
Finally, changing the value of wDE has a marginal e↵ect in
the H(z)/H0- f�8(z) diagram.

The H(z)/H0- f�8(z) diagram appears particularly con-
venient to visualise the di↵erences between alternative mod-
els, as can be appreciated in Fig. 2. In particular, it can be
noted that new measurements at z & 1 are required to dis-
entangle the e↵ects of di↵erent parameters. To quantify this
finding, we simulate some additional (H(z), f�8(z)) points

Figure 3. Same as Fig. 2, with the addition of simulated
data (square points) forecasting constraints from next-generation
galaxy redshift surveys. The simulated data assume a � = 0.65 ex-
tension to ⇤CDM. The best-fit models are shown with the same
colour code as in Fig. 2.

at higher redshifts, that will be provided by future dark-
energy missions, such as Euclid (Laureijs et al. 2011) and
WFIRST (Spergel et al. 2013). In particular, we simulate six
accurate (�H(z)/H(z)=�f�8

(z)/ f�8(z)= 0.01) measurements
in the redshift range 0.9 � 2, assuming as the underlying
model the � = 0.65 extension to ⇤CDM, that represents
our best-fit to the current data. The assumed uncertainties
are conservative, considered e.g. the available forecasts for
the Euclid mission (Amendola et al. 2016). Nevertheless, the
goal of this test is just to provide rough estimates of the con-
straining power of next-generation galaxy redshift surveys,
and it is not meant to be specifically designed to provide
accurate forecasts for any specific future missions.

The new simulated data are presented in Fig. 3, to-
gether with the best-fit models discussed above. The di↵er-
ences with respect to the reference model are now extremely
significant, as shown in Tab. 1. Moreover, being strongly con-
strained at high redshifts by these data, the models present

MNRAS 000, 1–5 (2017)

Moresco & Marulli (2017)
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Complementarity of Surveys

★ The CMB gave us the era of 
precision cosmology, but 
large-scale data enhances 
the science.

★ Upcoming galaxy surveys 
will inform on the spectral 
tilt and primordial  
non-Gaussianity.

�22

Planck Collaboration: Constraints on Inflation
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Fig. 8. Marginalized joint 68 % and 95 % CL regions for ns and r at k = 0.002 Mpc�1 from Planck alone and in combination with
BK14 or BK14 plus BAO data, compared to the theoretical predictions of selected inflationary models. Note that the marginalized
joint 68 % and 95 % CL regions assume dns/d ln k = 0.

limits obtained from a ⇤CDM-plus-tensor fit. We refer the inter-
ested reader to PCI15 for a concise description of the inflationary
models studied here and we limit ourselves here to a summary
of the main results of this analysis.

– The inflationary predictions (Mukhanov & Chibisov 1981;
Starobinsky 1983) originally computed for the R2 model
(Starobinsky 1980) to lowest order,

ns � 1 ' �
2
N
, r '

12
N2 , (48)

are in good agreement with Planck 2018 data, confirm-
ing the previous 2013 and 2015 results. The 95 % CL al-
lowed range 49 < N⇤ < 58 is compatible with the R2 ba-
sic predictions N⇤ = 54, corresponding to Treh ⇠ 109 GeV
(Bezrukov & Gorbunov 2012). A higher reheating temper-
ature Treh ⇠ 1013 GeV, as predicted in Higgs inflation
(Bezrukov & Shaposhnikov 2008), is also compatible with
the Planck data.

– Monomial potentials (Linde 1983) V(�) = �M4
Pl (�/MPl)p

with p � 2 are strongly disfavoured with respect to the
R2 model. For these values the Bayesian evidence is worse
than in 2015 because of the smaller level of tensor modes
allowed by BK14. Models with p = 1 or p = 2/3
(Silverstein & Westphal 2008; McAllister et al. 2010, 2014)
are more compatible with the data.

– There are several mechanisms which could lower the pre-
dictions for the tensor-to-scalar ratio for a given potential
V(�) in single-field inflationary models. Important exam-
ples are a subluminal inflaton speed of sound due to a non-
standard kinetic term (Garriga & Mukhanov 1999), a non-
minimal coupling to gravity (Spokoiny 1984; Lucchin et al.

1986; Salopek et al. 1989; Fakir & Unruh 1990), or an ad-
ditional damping term for the inflaton due to dissipation in
other degrees of freedom, as in warm inflation (Berera 1995;
Bastero-Gil et al. 2016). In the following we report on the
constraints for a non-minimal coupling to gravity of the type
F(�)R with F(�) = M2

Pl + ⇠�
2. To be more specific, a quartic

potential, which would be excluded at high statistical signif-
icance for a minimally-coupled scalar inflaton as seen from
Table 5, can be reconciled with Planck and BK14 data for
⇠ > 0: we obtain a 95 % CL lower limit log10 ⇠ > �1.6 with
ln B = �1.6.

– Natural inflation (Freese et al. 1990; Adams et al. 1993) is
disfavoured by the Planck 2018 plus BK14 data with a Bayes
factor ln B = �4.2.

– Within the class of hilltop inflationary models
(Boubekeur & Lyth 2005) we find that a quartic poten-
tial provides a better fit than a quadratic one. In the quartic
case we find the 95 % CL lower limit log10(µ2/MPl) > 1.1.

– D-brane inflationary models (Kachru et al. 2003; Dvali et al.
2001; Garcı́a-Bellido et al. 2002) provide a good fit to
Planck and BK14 data for a large portion of their parame-
ter space.

– For the simple one parameter class of inflationary potentials
with exponential tails (Goncharov & Linde 1984; Stewart
1995; Dvali & Tye 1999; Burgess et al. 2002; Cicoli et al.
2009) we find ln B = �1.0.

– Planck 2018 data strongly disfavour the hybrid model driven
by logarithmic quantum corrections in spontaneously broken
supersymmetric (SUSY) theories (Dvali et al. 1994), with
ln B = �5.0.
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Complementarity of Surveys

★ Galaxy clustering can validate H0

➜ The first acoustic peak on the CMB 
is sensitive to 𝛀mh3 while galaxy 
clustering measures 𝛀mh. 

➜ The precision of future surveys can 
provide clues to the tension with local 
measures of the Hubble parameter.
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7.2. Combined constraints

Given the consistency of the results found in Sect. 7.1, we may
combine the constraints on the matter density and baryon frac-
tion from the external LSS surveys. These constraints are most
relevant if we allow the expansion history to vary according to
the model; thus we now adopt the methodology described in
Sect. 4.2 to account for the distance scaling. Again, we use the
priors described in Sect. 6.2.

We compute the combined constraints from the external
LSS surveys consisting of 2dFGRS, SDSS LRG and WiggleZ
as shown in Fig. 10. We find this constraint to be fully con-
sistent with VIPERS. Combining with the VIPERS likelihood
gives the best available constraints from the LSS surveys to red-
shift z = 1.1. We find marginalised values: ⌦Mh = 0.206+0.013

�0.015
and fB = 0.170+0.028

�0.025. These values are consistent with the
Planck ones, ⌦Mh = 0.211 ± 0.004 and fB = 0.158 ±
0.002 (Planck Collaboration XIII 2016) within the statistical
uncertainties.

It is interesting to ask if our determination of ⌦Mh can shed
any light on the disagreement concerning H0 between Planck
and direct measurements. For flat cosmological models, the an-
gular location of the acoustic scale in the CMB temperature
power spectrum is approximately sensitive to the parameter
combination ⌦Mh

3, and this quantity should be robust even in
the face of small scale-dependent systematics in Planck, which
have been proposed as a possible explanation for the H0 ten-
sion (Addison et al. 2016). Using the Planck temperature likeli-
hood routine in CosmoMC we determine the marginalised value
⌦Mh

3 = 0.0965±0.0005. Here we assume that the peak location
is the dominant source for this constraint. Adopting the local es-
timate H0 = 73.24± 1.74 km s�1 Mpc�1 (Riess et al. 2016) leads
to a low value of ⌦Mh = 0.180 ± 0.009 indicated by the verti-
cal shaded band in Fig. 10. This value is displaced from the full
Planck constraint due to the 3.5� tension in the best-fit value of
H0. The combined LSS constraints lie between Planck and this
lower value, and are consistent with both. The precision of cur-
rent data therefore does not permit LSS to adjudicate in the H0
dispute – but this diagnostic will sharpen with data from future
surveys of larger volumes, and this is one way in which the H0
debate could be resolved.

7.3. Summary and conclusions

In this paper we have presented the first measurement of the
galaxy power spectrum from a sample extending beyond redshift
z = 1, using the final data from the VIMOS Public Extragalactic
Redshift Survey (VIPERS). In particular

• we have discussed and tested in detail how the geometry and
selection function of the VIPERS survey can be modelled,
yielding an accurate description of the corresponding win-
dow function in Fourier space;
• we have tested and validated the corrections for all

observation-specific e↵ects a↵ecting the VIPERS data, us-
ing a large set of custom-built mock samples. We similarly
assessed the degree of modelling uncertainties related to
non-linear clustering, galaxy biasing and redshift-space dis-
tortions. We show that residual systematic errors on the cos-
mological parameters deriving from these e↵ects are about
20 times smaller than the statistical errors;
• we have presented new measurements of the power spectrum

of galaxy clustering using 51 728 galaxies distributed within
four independent subsamples defined by two redshift ranges

Fig. 10. Joint parameter constraints from LSS surveys including 2dF-
GRS, SDSS LRG, WiggleZ, and VIPERS. The combined constraint in-
cluding VIPERS is indicated by the solid contour. The reference from
Planck is indicated by the ellipse. Rescaling the constraint on ⌦Mh

3

from the Planck temperature power spectrum using the local estimate
of H0 gives a prior on ⌦Mh indicated by the vertical grey band.

0.6 < z < 0.9 and 0.9 < z < 1.2 over the two VIPERS fields
W1 and W4;
• we have used the set of mocks to estimate covariance ma-

trices for all the measurements, and to access the range of
scales where the e↵ects of non-linear evolution on the shape
of the power spectrum can be considered to be under control;
• we have used these ingredients to fit the data with a cos-

mological model for P(k) with three free cosmological pa-
rameters (⌦M, fB, h) and three parameters that encode galaxy
physics (bias in each redshift bin and velocity dispersion);
combining the four power spectrum measurements, this
yields an estimate of the mean value of the matter density
(scaled to the current epoch), ⌦Mh = 0.227+0.063

�0.050, and baryon
fraction fB = 0.220+0.058

�0.072, after marginalising over galaxy
bias;
• these values, which describe the galaxy distribution when the

Universe was about half its current age, are in agreement
with measurements at lower redshift from 2dFGRS at z =
0.2, SDSS LRG at z = 0.35, and WiggleZ at 0.2 < z < 0.8.
We further demonstrate consistency with the Planck deter-
mination of ⌦Mh and fB;
• comparison to previous configuration space constraints on
⌦M from VIPERS (counts in cells) shows consistency de-
spite the intrinsically di↵erent nature of the measurements
and their covariances.

These results have extended the classical cosmological test of
determining the matter content of the Universe from the shape
of the galaxy power spectrum. There is no reason to believe that
this method has reached the limit of its precision, and we expect
the error contours to continue to shrink with new generations of
larger galaxy surveys. In this way, the galaxy power spectrum
has the potential to clarify current areas of cosmological uncer-
tainty, such as the true value of H0.
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Survey Parameters
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nP (k = 0.2)
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Granett (github.com/bengranett/specsurveys)

http://github.com/bengranett/specsurveys
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Spectroscopic Redshift Surveys

★ Optical and near-IR 
spectroscopic surveys probe 
the luminous galaxy field: 
0 < z < 4 

★ Star formation peaked at z~2 

★ Information content of LSS 
grows with volume. 

➡ Future surveys 
promise to mine these 
modes!
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