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Abstract
New generation of photometric galaxy surveys are mapping large volumes of the Universe, mea-

suring the angular positions and shapes of hundreds of millions (or billions) of galaxies. This will
allow cosmological measurements with an unprecedented level of precision, leading to a consider-
able step forward in our understanding of cosmology and particularly of the nature of dark energy.
In this perspective, here will be present two different aspects of the cosmological results obtained
by the Dark Energy Survey (DES) first year of observation. More specifically we present the results
coming form combination lensing of galaxies statistics and galaxy clustering information. In a sec-
ond part we will exposed the correlations of DES observations that can be measured using external
probes and more specifically the imprint of cosmic voids on the lensing measurement of the cosmic
microwave background (CMB).

1 Introduction

The Dark Energy Survey ([1]) is a photometric galaxy survey, that has for main objective to under-
stand the physics behind the accelerating expansion of our universe. After 6 years of observations
(2013-2019) DES have observed about 300 million of galaxies in and area of about 5000 sq. deg. of
the southern sky through 5 photometric filters (grizY) with a nominal limiting magnitude iAB'24.
We will focus on the main cosmological constrained perform by the DES collaboration using the data
collected after the first year of observations DESY1 which are covering about 1300 square degree sur-
vey area. More specifically we will start in section 2 to present the results obtained combining both
gravitational lensing and galaxy clustering. We will then follow in section 3 by presenting a specific
example of possible correlation of DESY1 observations with external observation, namely the imprint
of cosmic voids with the lensing signal extracted from the Planck CMB observations.

2 First cosmological results with the Dark Energy first year of oberser-
vation (DESY1)

2.1 Methodology and samples

As mentioned above, the first analysis of the DESY1 galaxy samples have allowed the collaboration
to provide cosmological constraints using a combination of various probes. Here will be presented
the first cosmological results from the first year of observation using and combining three different
two-point statistic signal (3X2pt analysis) :
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• Galaxy clustering : correlation signal of galaxy positions as a function of their angular separa-
tion (∝ b2σ2

8) [2],

• Cosmic shear : correlations between galaxy shapes as a function of their angular separation
(∝ Ω2

mσ
2
8) [3],

• Galaxy-galaxy lensing : correlations between the shape of background galaxy (source galaxies)
with the position of foreground ones (lenses) as a function of their angular separation (∝ bΩmσ2

8)
[4].

In order to proceed to the analysis, one had to in one hand define optimal galaxy catalog and on the
other hand measure with the highest precision possible galaxy property such as galaxy 3D position
and galaxy shape. To be more robust, two different approaches have been used to evaluate the shape
of the DESY1 galaxy sample the (METACALIBRATION ([5, 6]) and IM3SHAPE ([7])) catalog. While
for clustering statistics the redMaGiCcode identified red luminous galaxies (LRG) with high-quality
photometric redshift. that have been measured using treecorr [?] in 20 log-spaced bins of angular
separation 2.5

′<θ<250
′

.
While cosmic shear measurements, can be used alone to infer cosmological constraints, galaxy

clustering and galaxy-galaxy lensing will have to be combined to break the degeneracy due to their
dependance on galaxy bias.

2.2 Results

Cosmic shear being mostly sensitive to the clustering amplitude (S8 parameter) and the matter pa-
rameter (Ωm), it is possible to make an estimation of these parameter marginalizing over the other
ones. The results obtained in [3], are, for ΛCDM : σ8(Ωm/0.3)0.5 = 0.782+0.027

−0.027 and Ωm = 0.260+0.065
−0.037

at 68 % C.L. These values have improved by a factor of three the results obtained in the cosmic shear
measurement of previous science DES science verification measurement. The main results of the
combined analysis described above are shown in Figure (1). In the left panel of the figure we can
see the comparison of the results obtained weather one combines the different probes or not. As it
can be seen in the figure, the results here are showing a good agreement between clustering statistics
and lensing statistics in cosmological parameter inference. Moreover, the combination of the three
different probes shows to improve our constraints on cosmological parameters. The main constraints
obtained by combining the three two-point statistics are for ΛCDM : σ8(Ωm/0.3)0.5 = 0.783+0.021

−0.025

and Ωm = 0.264+0.032
−0.019 at 68 % C.L. On the other hand, the right panel of the figure shows the 68%

confidence levels of S8 and Ωm in the ΛCDM parametrization for DESY1 alone and combined to ex-
ternal datasets. Thus one can see that first cosmological analysis made by DESY1 studying large scale
structures at low redshift are in fair agreement with the CMB measurements at z = 1100 and second
that the DESY1 analysis is actually reaching a level where the accuracy of cosmological parameter
estimation is competitive with the one inferred by CMB experiments.

3 Correlation of the DESY1 underdensed regions with the CMB
lensing signal

Similarly to galaxy shape distortions due to the foreground matter field in cosmic shear analysis,
one expects the light coming from the cosmic microwave background (CMB) towards us to be also
lensed by the large structures it crosses aloneg its path. Correlations is then expected between the
foreground structures of our universe and the CMB radiation. In [9], using a stacking methodology,
we developed a methodology to optimize and evaluate the imprint of cosmic voids, these large (∼
tens of Mpc/h) underdensed region of the cosmic web, identified in the DESY1 observed galaxy in
the reconstructed CMB lensing map provide by the Planck collaboration.
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parameters. So the appropriate Bayes factor for judging con-
sistency of two datasets, D1 and D2, is

R =
P
⇣
~D1, ~D2|M

⌘

P
⇣
~D1|M

⌘
P
⇣
~D2|M

⌘ (V.3)

where M is the model, e.g., ⇤CDM or wCDM. The numerator
is the evidence for both datasets when model M is fit to both
datasets simultaneously. The denominator is the evidence for
both datasets when model M is fit to both datasets individu-
ally, and therefore each dataset determines its own parameter
posteriors.

Before the data were unblinded, we decided that we would
combine results from these two sets of two-point functions if
the Bayes factor defined in Eq. (V.3) did not suggest strong
evidence for inconsistency. According to the Jeffreys scale,
our condition to combine is therefore that R > 0.1 (since
R < 0.1 would imply strong evidence for inconsistency). We
find a Bayes factor of R = 583, an indication that DES Y1
cosmic shear and galaxy clustering plus galaxy–galaxy lens-
ing are consistent with one another in the context of ⇤CDM.

The DES Y1 data were thus validated as internally con-
sistent and robust to our assumptions before we gained any
knowledge of the cosmological parameter values that they im-
ply. Any comparisons to external data were, of course, made
after the data were unblinded.

VI. DES Y1 RESULTS: PARAMETER CONSTRAINTS

A. ⇤CDM

We first consider the ⇤CDM model with six cosmological
parameters. The DES data are most sensitive to two cosmo-
logical parameters, ⌦m and S8 as defined in Eq. (IV.7), so for
the most part we focus on constraints on these parameters.

Given the demonstrated consistency of cosmic shear with
clustering plus galaxy–galaxy lensing in the context of ⇤CDM
as noted above, we proceed to combine the constraints from
all three probes. Figure 5 shows the constraints on ⌦m and
�8 (bottom panel), and on ⌦m and the less degenerate param-
eter S8 (top panel). Constraints from cosmic shear, galaxy
clustering + galaxy–galaxy lensing, and their combination are
shown in these two-dimensional subspaces after marginaliz-
ing over the 24 other parameters. The combined results lead
to constraints

⌦m = 0.267+0.030
�0.017

S8 = 0.773+0.026
�0.020

�8 = 0.817+0.045
�0.056. (VI.1)

The value of ⌦m is consistent with the value inferred from
either cosmic shear or clustering plus galaxy–galaxy lensing
separately. We present the resulting marginalized constraints
on the cosmological parameters in the top rows of Table II.

The results shown in Figure 5, along with previous anal-
yses such as that using KiDS + GAMA data [67], are an
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FIG. 5. ⇤CDM constraints from DES Y1 on ⌦m, �8, and S8

from cosmic shear (green), redMaGiC galaxy clustering plus galaxy–
galaxy lensing (red), and their combination (blue). Here, and in all
such 2D plots below, the two sets of contours depict the 68% and
95% confidence levels.

important step forward in the capability of combined probes
from optical surveys to constrain cosmological parameters.
These combined constraints transform what has, for the past
decade, been a one-dimensional constraint on S8 (which ap-
pears banana-shaped in the ⌦m � �8 plane) into tight con-
straints on both of these important cosmological parameters.
Figure 6 shows the DES Y1 constraints on S8 and ⌦m along
with some previous results and in combination with exter-
nal data sets, as will be discussed below. The sizes of these
parameter error bars from the combined DES Y1 probes are
comparable to those from the CMB obtained by Planck.

In addition to the cosmological parameters, these probes
constrain important astrophysical parameters. The intrinsic
alignment (IA) signal is modeled to scale as AIA(1 + z)⌘IA ;
while the data do not constrain the power law well (⌘IA =
�0.7 ± 2.2), they are sensitive to the amplitude of the signal:

AIA = 0.44+0.38
�0.28 (95% CL). (VI.2)

Further strengthening evidence from the recent combined
probes analysis of KiDS [67, 68], this result is the strongest
evidence to date of IA in a broadly inclusive galaxy sam-
ple; previously, significant IA measurements have come from
selections of massive elliptical galaxies, usually with spec-
troscopic redshifts (e.g. [140]). The ability of DES data to
produce such a result without spectroscopic redshifts demon-
strates the power of this combined analysis and emphasizes
the importance of modeling IA in the pursuit of accurate cos-
mology from weak lensing. We are able to rule out AIA = 0
at 99.76% CL with DES alone and at 99.90% CL with the full

20

0.24 0.30 0.36 0.42 0.48

�m

0.72

0.80

0.88

0.96

S
8

DES Y1
Planck (No Lensing)

DES Y1 + Planck (No Lensing)

FIG. 10. ⇤CDM constraints from the three combined probes in DES
Y1 (blue), Planck with no lensing (green), and their combination
(red). The agreement between DES and Planck can be quantified via
the Bayes factor, which indicates that in the full, multi-dimensional
parameter space, the two data sets are consistent (see text).

by the same set of N model parameters (the null hypothesis),
to the hypothesis that they are each allowed an independent set
of the N model parameters (the alternative hypothesis). The
alternative hypothesis is naturally penalized in the Bayes fac-
tor since the model requires an extra N parameters. We also
test an alternative hypothesis where only ⌦m and As are al-
lowed to be constrained independently by the two datasets; in
this case we are introducing only two extra parameters with re-
spect to the null hypothesis. For this case, we find R = 0.47,
which again indicates that there is no evidence for inconsis-
tency between the datasets.

We therefore combine the two data sets, resulting in the red
contours in Figure 10. This quantitative conclusion that the
high– and low– redshift data sets are consistent can even be
gleaned by viewing Figure 10 in a slightly different way: if
the true parameters lie within the red contours, it is not un-
likely for two independent experiments to return the blue and
green contour regions.

Figure 11 takes the high-z vs. low-z comparison a step fur-
ther by combining DES Y1 with results from BAO experi-
ments and Type Ia supernovae. While these even tighter low-
redshift constraints continue to favor slightly lower values of
⌦m and S8 than Planck, the Bayes factor is 0.6, which neither
favors nor disfavors the hypothesis that the two sets of data,
DES Y1+BAO+JLA on one hand and Planck on the other, are
described by the same set of cosmological parameters.

The goal of this subsection is to test the ⇤CDM prediction
for clustering in DES, so we defer the issue of parameter de-
termination to the next subsections. However, there is one
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FIG. 11. ⇤CDM constraints from high redshift (Planck,
without lensing) and multiple low redshift experiments (DES
Y1+BAO+JLA), see text for references.
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FIG. 12. ⇤CDM constraints from Planck with no lensing (green),
DES Y1 (blue) and the two combined (red) in the ⌦m, h plane.
The positions of the acoustic peaks in the CMB constrain ⌦mh3 ex-
tremely well, and the DES determination of ⌦m breaks the degen-
eracy, leading to a larger value of h than inferred from Planck only
(see Table II).

Figure 1: Left panel: constraints from DESY1 on Ωm, σ8 and S8 from cosmic shear (green), red-
MaGiCgalaxy clustering plus galaxy– galaxy lensing (red), and their combination (blue). Here, and
in all such 2D plots below, the two sets of contours depict the 68% and 95% confidence levels. Right
panel : ΛCDM constraints from the three combined probes in DES Y1 (blue), Planck with no lensing
(green), and their combination (red). The agreement between DES and Planck can be quantified via
the Bayes factor, which indicates that in the full, multi-dimensional parameter space, the two data
sets are consistent. (Figures from [8])

3.1 Methodology

In order to be less affected by photometric redshift bias that is known to be a source of error in the void
finding procedure, we have identified underdensed region of the DESY1 catalog in the high-precision
photometric redshift redMaGiCluminous red galaxy sample.[10]. We have identified cosmic void in
the DESY1 redMaGiCsample using the 2D void finder presented in [11]. The void finder is identifying
voids in the following way: (1) Divide the sample in redshift slices 100Mpc/h slices are shown to be
a good compromise considering redMaGiCredshift accuracy, (2) Compute the density field for each
slice by counting the galaxy number in each pixel and smoothing the field with a Gaussian with a
predefined smoothing scale, (3) Select the most underdense pixel and grow around it the void until it
reaches the mean density, (4) Save the void, erase it from the density map and iterate the process with
the following underdense pixel. The finder have been run two different redMaGiCcatalogs, probing
different smoothing parameter for the void finder (σ = 10Mpc/h and σ = 20Mpc/h) in both DESY1
observed galaxies, and MICE ([12, 13, 14]) simulated galaxies. In order to be more complete, we have
also considered a different definition of voids to probe the effect on the CMB lensing signal, the 3
dimensional voids identified with the VIDE toolkit ([15]).

To detect the imprint of cosmic voids in the CMB lensing maps, we have used a stacking methodol-
ogy which consist in cutting out patches of the smoothed CMB map (different smoothing kernel have
been probe) centered at superstructure position using healpixmaps ([16]), re-scale the patches given
the angular size of the structure, stack all patches and finally measure the average signal in different
concentric radius bins around the center.

3.2 Results

Along the analysis, we observed good agreement between the simulated MICE ΛCDM results and
the our observations. As a measure of the signal-to-noise (S/N) of simulated and observed signals
given the measurement errors and their covariance, we aim to constrain an amplitude A (and its error
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σA) as a ratio of DES Y1 and MICE signals using the full profile up to R/Rv = 5 in 16 radial bins. We
expect A = 1 if the DESY1 and MICE ΛCDM results are in close agreement and we aim to test this
hypothesis. In order to estimate the value of A, we have followed the statistic :

χ2 =
∑

ij

(κDESi −AκMICE
i )C−1

ij (κDESj −AκMICE
j ) (1)

where κi is the mean lensing signal in the radius bin i, andC is the covariance matrix computed using
the variance of the lensing signal measured by rotating randomly 500 times the MICE lensing map to
which we have add a Planck-like noise.

The final results of the detection level achieved for each void sample and the three different
smoothing approaches studied can be seen in Fig.(2), from the figure, we can see that we robustly
detected imprints at the 3σ significance level with most of our analysis choices, reaching S/N ≈ 4 in
the best predicted measurement configurations using DES Y1 high luminosity redMaGiCdata.
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Figure 2: Measurement significance in the form of A/σA. The conservative VIDE sample also pro-
vides useful consistency tests in agreement with our 2D analyses. The dashed horizontal lines mark
the mean of the DES Y1 (dark) and the MICE (light) significances with values 3.03 and 3.39, respec-
tively

4 Conclusions

In this presentation, have been presented first the main cosmological results inferred from the DESY1
galaxy catalog, using the three different 2-point statistics probes after one year of observations. The
Dark Energy survey has now collected 6 years of data and we saw its abilities after this first observa-
tion year, to be competitive in cosmological inference, more in particular, it has been shown that by
combining different probes, DES have been able for the first time after one year of observation to infer
cosmological parameter constraints at the level of accuracy of CMB experiments. So far, no significant
deviations from the ΛCDM model have been found. In the future months, the Dark Energy Survey
will present the analysis coming from the second and third year of observation, during this period
DES has already covered the full expected final area (up to a given magnitude). The analysis will thus
be realised in an area more than three times larger than the DESY1.

In a second part, we have shown that we have now entering the era where large and precise
sample will allow us to use cosmic voids as cosmological probe. We robustly detected imprints at
the 3σ significance level with most of our analysis choices, reaching S/N ≈ 4 in the best predicted
measurement configurations using DES Y1 high luminosity redMaGiCdata. Our goal for the future
is to create a bigger catalogue of voids, and potentially superclusters, using galaxy catalogues from
three years of observed DES data (DES Y3). These presumably more accurate future detections with
more voids will most probably allow cosmological parameter constraints
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