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Abstract. We aim to probe the impact that massive neutrinos have on the lensing imprints of large
structure and more in particular cosmic voids on the cosmic microwave background radiation. Using
the DEMNUNi simulation we have stacked patches of the CMB lensing reconstructed map at the
position of cosmic voids found in the Dark matter halo catalog for both cosmologies including both
massless and massive neutrinos.
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14 cosmological simulations  with volume: (2 Gpc/h)3, Npart: 2 x 20483 (CDM+)
baseline Planck-13 cosmology

+

 M=0, 0.17, 0.3, 0.53 eV (DEMNUni-I) 

5 snaps per sim stored between z=0-2, 
all the halo/subhalo catalogs stored from z<2

+ CMB lensing map for each catalog, 
+ CMB lensing separate effect from DM and Mnu for 0.53
+ diluted DM particles catalog

Many cosmological probes from DEMNUni

Clusters

BAO

CMB lensing

ISW/Rees-SciamaWeak lensing

Voids

Galaxies

8

Dark matter Halos

Carbone, 2016 (1605.02024)

DEMNUni simulations
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Figure 1. Comoving Free-Streaming length �FS of massive neutrinos - Eq. (1.1) - as a function of redshift, for
the di�erent neutrino masses considered in this work.

As galaxy surveys intend to constraint the di�erent cosmological parameters driving the evolution
of our universe, an important parameter to take into account is the sum of the masses of the di�erent
neutrinos species (

Õ
m⌫). In fact, the presence of massive neutrinos in our universe has an impact

in both background evolution and structure formation [9]. In particular, the evolution of the large
structure of the cosmic web is directly sensitive to

Õ
m⌫ at scales on the order of magnitude of

the size of cosmic voids: recent analysis have shown how cosmic voids could be exploited to set
constraints on neutrino physics. In [10] using cosmological simulations, the authors found that the
presence of massive neutrinos is slowing down the evolution of cosmic voids with respect to ⇤CDM.
Consequently, this can a�ect the density profile of voids and thus changing the lensing e�ects on
CMB photons in the presence of massive neutrinos.

While at small scales, due to their non-zero velocity, massive neutrinos will travel across density
fluctuations and thus smooth them, at scales comparable to cosmic voids, massive neutrinos will fall
in the potential wells. We then expect cosmic voids to be particularly a�ected by the presence of
massive neutrino, due to the fact that the typical size of voids (10 to 100s of h

�1Mpc) approaches the
free-streaming length (�FS) of massive neutrinos which can be expressed as function of redshift and
mass [11, 12]:

�FS(m⌫, z) ⇠ 8.1
H0(1 + z)

H(z)

✓
1eV

m⌫

◆
h
�1Mpc, (1.1)

with H(z) and H0 being the Hubble parameter and its value at z = 0, respectively. In Fig.1 we show
the evolution of �FS as a function of redshift for the di�erent neutrino masses that will be considered
in this work. Intuitively, as the neutrino field is less clustered with respect to the matter field (CDM
and baryons), the ratio between matter and neutrino should be higher at the maximum of the potential
field, that is to say in cosmic voids. In fact, we expect to observe stronger e�ects due to the presence
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At small scales, due to their non-zero velocity, massive neutrinos 
will travel across density fluctuations and thus smooth them.

Figure 2. Top panel: CMB convergence angular power spectrum, for ⇤CDM (blue line) and ⇤CDM + m⌫

simulations with the neutrino masses m⌫ = 0.16 eV (red, dot-dashed line), m⌫ = 0.32 eV (green, dotted line)
and m⌫ = 0.53 eV (orange, dashed lines). Black, dashed line is the semi-analytical realization with pyCAMB

for the DEMNUni ⇤CDM cosmology. Bottom panel: fractional di�erence for the angular power spectra with
respect to the ⇤CDM case. Points with errorbars refer to measurements from N-body simulations via the
lightcone convergence maps; signals have been binned in multipoles, error bars representing the variance in
each bin. Lines are semi-analytical realizations with pyCAMB in the di�erent cosmologies. Vertical lines are
the (average) FS multipole - h`FSi - as computed by Eq. (2.3).
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Massive neutrinos in cosmology
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Figure 3. Top panel: Halo mass function in redshift bins for both ⇤CDM (error bars) and ⇤CDM + m⌫

simulations with the three neutrino masses studied here, m⌫ = 0.16 eV (dashed line), m⌫ = 0.32 eV (dash-
dotted line) and m⌫ = 0.53 eV (dotted lines). Bottom panels: ratio of the mass distribution of Dark Matter halos
in massive neutrino cosmologies w.r.t. the ⇤CDM case. Errorbars are derived assuming a Poisson distribution
in each of the mass bins.
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The Halo Mass function -> Consequence on the halo population
Massive neutrinos in cosmology
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Massive neutrinos smooth the matter field 
decreasing thus the number of identified 

structures

Higher the mass of Neutrinos, 
higher its effect will be

The Halo Mass function -> Consequence on the halo population
Massive neutrinos in cosmology
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At scales comparable to cosmic voids, massive 
neutrinos will fall in the potential wells. 

cosmic voids might be particularly affected by the 
presence of massive neutrino, due to the fact that the 
typical size of voids (10 to 100s of h−1Mpc) 

Cosmic voids
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The Void finder
4 Sánchez et al.
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Rj

δ(Ri)�0 ⇒ i++ 
δ(Rj) ≥ 0 ⇒ Rv = Rj

Figure 1. Graphical description of the void-finding algorithm

presented in this paper. The background gray-scaled field is the

smoothed galaxy field (� = 10 Mpc/h) in a redshift slice used by

the void-finder. The two solid (red) dots show two void centers. For

the upper void, we show a circular shell or radius Ri
. Since the den-

sity contrast �(Ri) < 0, the algorithm checks larger shells, up to

radius Rj
such that �(Rj) > 0. The void radius is then defined as

Rv = Rj
.

of 0.1 deg. and a physical resolution of 1.5 Mpc/h at z = 0.3
(3 Mpc/h at z = 0.6).

(ii) We compute the mean density in the map corresponding
to the given redshift slice, n̄2d, and convert the galaxy map
to a density contrast map as � = n2d/n̄2d � 1, where n2d is
the galaxy map.

(iii) Then we smooth the density contrast map with a Gaus-
sian filter of comoving scale �s = 10 Mpc/h.

(iv) We take this smoothed contrast map and consider only the
most underdense pixels (with � < �m = �0.3) as potential
void centers. We define the most underdense pixel in the
map as the first void center.

(v) Next we start defining circular shells of increasing radius
around that center, stopping when the mean density within
the slice (� = 0) is reached. That is, starting with a shell
of radius R i

v , we measure the average galaxy density in the
shell �(R i

v ), and if the density is negative we check the next
larger shell �(R i+1

v ), where the increment between shells is
1 Mpc/h in radius. For some shell R j

v the density contrast
reaches zero, �(R j

v ) > 0, and at that point the void radius is
defined as Rv = R j

v (see Fig. 1 for a graphical explanation).
(vi) Then all pixels contained in this void are removed from

the list of potential void centers, preventing any of these
pixels to become the center of any other void. From the
remaining pixels that satisfy � < �m = �0.3, we define the
next most underdense pixel as the second void center. The
process is repeated until all pixels with � < �m = �0.3
have been assigned to a void.

Beyond the dependency on the line-of-sight size of the
projected slice in which the finder is executed, studied in more
detail later in this section, the void catalog produced by this
algorithm depends on two parameters: the smoothing scale,
�s, and the maximum density contrast of a pixel to become

a void center, �m. The smoothing scale (�s = 10 Mpc/h) is
chosen to be about half the radius of the smallest voids we
can access in our data sample (because of photo-z smearing),
and increasing it would erase the structure leading to some
of these smallest voids, leaving the large voids intact. On the
other hand, the most significant voids found by the algorithm,
the deepest ones, are independent of the choice �m = �0.3
since their void center pixel is more underdense than that. By
changing the value of �m we are only affecting the shallower
voids of the sample. The impact of the �m choice is studied in
Appendix A. Also, voids found by this algorithm can overlap or
even enclose one another, but just in the case where a subvoid
is deeper than the bigger void enclosing it.

The process detailed above will produce a list of voids for
a given redshift slice. Before describing how various slices are
combined to obtain the full void catalog, we first study the
performance of the single slice results in simulations.

3.2 Performance on simulations

In order to validate the performance of the algorithm we use
the simulations, where we have both spectroscopic and pho-
tometric redshift for void tracer galaxies, and we compare the
voids found by the algorithm in spec-z and photo-z space. In
particular, we run the void finding algorithm twice on each
redshift slice: first using spectroscopic redshifts for selecting
the galaxies that go into the slice and then using photometric
redshifts that mimic the ones we have in real DES data.

Once we have the spec-z and photo-z defined void cata-
logs, we measure the projected galaxy density profiles of the
voids in them in radial annuli using the true redshifts. Figure
2 shows the resulting density profiles for both cases in differ-
ent slice comoving thicknesses. As expected, the void finder
performs poorly if the size of the projected slice is smaller or
similar to the photo-z dispersion �z ' 50 Mpc/h. Therefore,
the accuracy of the finder is a function of the thickness of the
projected slice: for slice width ⇠ 2 times the size of the typical
photometric redshift scatter, the difference between the aver-
age density profiles of voids found in spec-z and photo-z is not
significant, being smaller than the standard deviation of the
stacked void profiles.

Figure 2 shows that voids found by the algorithm in photo-
z space can indeed have very similar density profiles as voids
found in spec-z space. However, it is also important to know
the relative number of voids found in the two cases. Photomet-
ric redshifts produce a smearing in the line-of-sight position of
tracers that can actually erase some of the structure, espe-
cially on scales comparable to the size of the photo-z scatter
or smaller. That will have the consequence of some small voids
not being detected in the photo-z case. The voids of size larger
than the photo-z scatter should be detected in both cases. Fig-
ure 3 shows the distribution of void radii in simulations for
spec-z and photo-z samples. As expected, we find less voids in
the photo-z case, with the difference being more important for
small voids and becoming negligible for the voids substantially
larger than the photo-z dispersion (�z ' 50 Mpc/h).

In addition to the comparison of the galaxy density pro-
files of voids, which is the most important test of the algo-
rithm, Fig. 4 shows a visual comparison between the positions
and radius of spec-z and photo-z defined voids in a random
100 Mpc/h-thick slice of our simulations. The correlation be-
tween the two sets of voids is very clear, in both positions and
radii. In some cases, especially for the biggest voids, the match

c� 0000 RAS, MNRAS 000, 1–15

 • Divide the sample in redshift slices. 
Here 100Mpc/h  

 • 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.  

 • Select the most underdense pixel 
and grow around it the void until it 
reaches the mean density.  

 • Save the void, erase it from the 
density map and iterate the process 
with the following underdense 
pixel.  

Sánchez et al. (DES Collaboration), MNRAS 465, 746, 2017.
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increase neutrino mass -> decrease number of voids

increase smoothing scale -> decrease the difference

aaaaaaaaaa

smoothing scale
10⌘�1 Mpc 20⌘�1 Mpc 30⌘�1 Mpc

=⇤CDM 144,594 68,221 30,055
=⇤CDM+<a=0.16eV 129,957 65,563 30,767
=⇤CDM+<a=0.32eV 114,046 61,945 30,986
=⇤CDM+<a=0.53eV 98,658 58,016 30,814
=⇤CDM+<a=0.16eV/=⇤CDM 0.90 0.96 1.02
=⇤CDM+<a=0.32eV/=⇤CDM 0.80 0.91 1.03
=⇤CDM+<a=0.53eV/=⇤CDM 0.68 0.85 1.02

Table 1. Total number of cosmic voids (and ratio w.r.t. the massless neutrino ⇤CDM case, bottom rows) traced
by haloes with mass "⌘ > 2.5 ⇥ 1012⌘�1"�, found in the DEMNUni simulations for di�erent void finder
smoothing scales and di�erent neutrino masses.

massive particles, and that this e�ect is even more pronounced for higher redshifts, which is consistent
with the fact that at higher redshifts the range of scales a�ected by massive neutrino is larger than at
lower ones (cf. Figure 1). Moreover, similarly to Table 1, the choice of the smoothing scale parameter
of the finder is related on how massive neutrinos are a�ecting the void size function. In fact, as we
increase the smoothing parameter the e�ect of massive neutrino in the size function decreases: this
e�ect could be explained since, as we increase the smoothing scale the finder tends to merge small
voids into larger structures, and thus shifting the size function towards large voids, i.e. towards scales
where neutrinos become non-relativistic, fall in potential wells, hence avoiding underdensed regions.

3.2.2 Void density profiles
The general density profile of cosmic voids has already been studied in several works and di�erent
models have been proposed in the literature [80, 89, 90]. However, these studies have highlighted
the complexity of finding a general definition for this profile, due to the fact that it depends on the
void definition itself (e.g. the choice of tracers of the matter field, void finder, smoothing scales,
etc.). Nevertheless, in all these studies, cosmic voids can be described as underdensed regions at
the void centre, surrounded by a more or less pronounced positive density shell at the void’s edge:
the so-called compensation wall. This wall is associated to filaments, while the depth of the central
region and the size of the compensation wall will depend on the size of the considered objects. In
this work, we will quantify how the presence of massive neutrinos can a�ect the density profile of the
voids in the halo field. In fact, the density profile of cosmic voids, due to their scales, have shown to
be particularly sensitive to massive neutrino. In particular, from what have been observed in [16] in
simulations, the halo mass function inside voids is more a�ected by the presence of massive neutrinos
than in other regions in the sky. This implies that the clustering process inside underdense regions,
and consequently the void density profile, will be di�erent while considering massive neutrinos in
the cosmic budget. In [17], by looking at the CDM density profile of 3D cosmic voids of a given
size, they showed how the presence of massive neutrino will smooth the density profile by decreasing
the size of the compensation wall and by making the void less empty at the void centre, and that this
e�ect is more significant at low redshifts than higher ones. These e�ects are direct consequences
of the slowing-down of clustering due to massive neutrinos. However, it is also interesting to note
that in [84] the authors have shown that e�ects on the density profile of 3D voids in modified gravity
models tend to be cancelled out when neutrinos are massive.

In the context of this work, our void definition allows us to identify voids much larger than the

– 12 –
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and increasing it would erase the structure leading to some
of these smallest voids, leaving the large voids intact. On the
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In order to validate the performance of the algorithm we use
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voids found by the algorithm in spec-z and photo-z space. In
particular, we run the void finding algorithm twice on each
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age density profiles of voids found in spec-z and photo-z is not
significant, being smaller than the standard deviation of the
stacked void profiles.

Figure 2 shows that voids found by the algorithm in photo-
z space can indeed have very similar density profiles as voids
found in spec-z space. However, it is also important to know
the relative number of voids found in the two cases. Photomet-
ric redshifts produce a smearing in the line-of-sight position of
tracers that can actually erase some of the structure, espe-
cially on scales comparable to the size of the photo-z scatter
or smaller. That will have the consequence of some small voids
not being detected in the photo-z case. The voids of size larger
than the photo-z scatter should be detected in both cases. Fig-
ure 3 shows the distribution of void radii in simulations for
spec-z and photo-z samples. As expected, we find less voids in
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small voids and becoming negligible for the voids substantially
larger than the photo-z dispersion (�z ' 50 Mpc/h).

In addition to the comparison of the galaxy density pro-
files of voids, which is the most important test of the algo-
rithm, Fig. 4 shows a visual comparison between the positions
and radius of spec-z and photo-z defined voids in a random
100 Mpc/h-thick slice of our simulations. The correlation be-
tween the two sets of voids is very clear, in both positions and
radii. In some cases, especially for the biggest voids, the match
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 • Divide the sample in redshift slices. 
Here 100Mpc/h  

 • 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.  

 • Select the most underdense pixel 
and grow around it the void until it 
reaches the mean density.  

 • Save the void, erase it from the 
density map and iterate the process 
with the following underdense 
pixel.  

Sánchez et al. (DES Collaboration), MNRAS 465, 746, 2017.
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smoothing scale
10⌘�1 Mpc 20⌘�1 Mpc 30⌘�1 Mpc

=⇤CDM 144,594 68,221 30,055
=⇤CDM+<a=0.16eV 129,957 65,563 30,767
=⇤CDM+<a=0.32eV 114,046 61,945 30,986
=⇤CDM+<a=0.53eV 98,658 58,016 30,814
=⇤CDM+<a=0.16eV/=⇤CDM 0.90 0.96 1.02
=⇤CDM+<a=0.32eV/=⇤CDM 0.80 0.91 1.03
=⇤CDM+<a=0.53eV/=⇤CDM 0.68 0.85 1.02

Table 1. Total number of cosmic voids (and ratio w.r.t. the massless neutrino ⇤CDM case, bottom rows) traced
by haloes with mass "⌘ > 2.5 ⇥ 1012⌘�1"�, found in the DEMNUni simulations for di�erent void finder
smoothing scales and di�erent neutrino masses.

massive particles, and that this e�ect is even more pronounced for higher redshifts, which is consistent
with the fact that at higher redshifts the range of scales a�ected by massive neutrino is larger than at
lower ones (cf. Figure 1). Moreover, similarly to Table 1, the choice of the smoothing scale parameter
of the finder is related on how massive neutrinos are a�ecting the void size function. In fact, as we
increase the smoothing parameter the e�ect of massive neutrino in the size function decreases: this
e�ect could be explained since, as we increase the smoothing scale the finder tends to merge small
voids into larger structures, and thus shifting the size function towards large voids, i.e. towards scales
where neutrinos become non-relativistic, fall in potential wells, hence avoiding underdensed regions.

3.2.2 Void density profiles
The general density profile of cosmic voids has already been studied in several works and di�erent
models have been proposed in the literature [80, 89, 90]. However, these studies have highlighted
the complexity of finding a general definition for this profile, due to the fact that it depends on the
void definition itself (e.g. the choice of tracers of the matter field, void finder, smoothing scales,
etc.). Nevertheless, in all these studies, cosmic voids can be described as underdensed regions at
the void centre, surrounded by a more or less pronounced positive density shell at the void’s edge:
the so-called compensation wall. This wall is associated to filaments, while the depth of the central
region and the size of the compensation wall will depend on the size of the considered objects. In
this work, we will quantify how the presence of massive neutrinos can a�ect the density profile of the
voids in the halo field. In fact, the density profile of cosmic voids, due to their scales, have shown to
be particularly sensitive to massive neutrino. In particular, from what have been observed in [16] in
simulations, the halo mass function inside voids is more a�ected by the presence of massive neutrinos
than in other regions in the sky. This implies that the clustering process inside underdense regions,
and consequently the void density profile, will be di�erent while considering massive neutrinos in
the cosmic budget. In [17], by looking at the CDM density profile of 3D cosmic voids of a given
size, they showed how the presence of massive neutrino will smooth the density profile by decreasing
the size of the compensation wall and by making the void less empty at the void centre, and that this
e�ect is more significant at low redshifts than higher ones. These e�ects are direct consequences
of the slowing-down of clustering due to massive neutrinos. However, it is also interesting to note
that in [84] the authors have shown that e�ects on the density profile of 3D voids in modified gravity
models tend to be cancelled out when neutrinos are massive.

In the context of this work, our void definition allows us to identify voids much larger than the
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Void density profile

Figure 6. Void-halo two point correlation functions, 2PCF. As in the void density profiles, each row shows
a di�erent smoothing scale, while each column a di�erent redshift bin. The bottom panels in each box is the
ratio between the massive neutrino 2PCF w.r.t. the ⇤CDM case.
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in the halo field. In fact, cosmic voids due to their scales have shown to be particularly sensitive to
massive neutrino. In particular, from what have been observed in [13] in simulations, the halo mass
function inside voids is more a�ected by the presence of massive neutrinos than in other regions in
the sky. This implies that the clustering process inside underdense regions, and consequently the void
density profile, will be di�erent while considering massive neutrinos in the cosmic budget. In [10], by
looking at the DM density profile of 3D cosmic voids of a given size, they showed how the presence
of massive neutrino will smooth the density profile by decreasing the size of the compensation wall
and by making the void less empty at the void centre, and that this e�ect is more significant at low
redshifts than higher ones. These e�ects are direct consequences of the slowing-down of clustering
due to massive neutrinos. Moreover, in [67] the authors have shown that e�ects on the density profile
of 3D voids in modified gravity models tend to be canceled out when neutrinos are massive.

In the context of this work, our void definition allows us to identify voids much larger than the
3D voids studied in previous works, so that it becomes important to investigate the density profile of
our 2D voids. In particular, changes in the underlying density profile of the objects are directly related
to their imprint signals on the CMB convergence map. Thus, analysing the actual profile of our voids
could give us insights to characterize their imprints in the CMB lensing map (see Section 4).

The density profile of cosmic voids can be defined as the number of tracers at a given angular
distance from the void centre, compared to the mean distribution of tracers at redshift z. We can
analogously relate it to the void-halo two point cross-correlation function (2PCF), which refers to
the measurement of pairs void/halo at di�erent angular separations (see Eq. 4 in [70]). Therefore,
to estimate the density profile of our cosmic voids in the halo field, we have measured the void-halo
2PCF using the publicly available GUNDAM toolkit [71]. The GUNDAM pipeline measures the 2PCF
⇠i j(r) directly in the ligthcone, using the Davis-Peebles estimator [72]:

⇠i j(r) = DiDj(r)/DiR(r) � 1, (3.1)

where DiDj(r) and DiR(r) represent the count of pairs between the object i and the object j or the
random distribution of point R, respectively. Note that, in order to be in line with future experiments,
we computed the density profile of our voids using DM halos as tracers of the density, meaning that
the resulting profile will be also related to the void size function of Figure 5.

In Figure 6 we show the measured density profile for the void catalogue, divided in three redshift
bins (0.2 < z < 0.5, 0.8 < z < 1.2, 1.6 < z < 2.0) for the three smoothing scales considered
in this work (from top panel to bottom panel). We observe from the correlation function that once
we consider larger smoothing scales, the identified voids tend to be smoother, with a larger central
density, which is consistent with what we saw in Figure 3. Moreover in all panels, we noticed that the
presence of massive neutrinos tends to make the voids slightly deeper than standard ⇤CDM, which is
an opposite trend to what has been observed in [10]. However, the density measurement done in [10]
is the actual intrinsic density profile of cosmic voids, i.e. the density profile using the DM particles
as the tracers of the matter field, while in this work DM halos have been used. The profile is thus in
agreement with the decrease in the number of gravitationally bound halos with a mass greater than
the minimum mass of the mock catalogues (see Section 2.2). The more the neutrinos are massive,
the more the voids will be devoid of massive objects. Similarly to what happens with the halo mass
function, the e�ect of massive neutrino is greater at high redshifts than low ones, the latter being also
consistent with the fact that at higher redshifts, larger scales will be a�ected by massive neutrinos (cf.
Figure 1). We stress that the density profile presented here is computed using DM halos, i.e. biased
objects as tracers of the matter field, as they are more realistic than the DM particles which can be
measured only in simulations.
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Figure 6. Void-halo two point correlation functions, 2PCF. As in the void density profiles, each row shows
a di�erent smoothing scale, while each column a di�erent redshift bin. The bottom panels in each box is the
ratio between the massive neutrino 2PCF w.r.t. the ⇤CDM case.
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Figure 6. Void-halo two point correlation functions, 2PCF. As in the void density profiles, each row shows
a di�erent smoothing scale, while each column a di�erent redshift bin. The bottom panels in each box is the
ratio between the massive neutrino 2PCF w.r.t. the ⇤CDM case.
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in the halo field. In fact, cosmic voids due to their scales have shown to be particularly sensitive to
massive neutrino. In particular, from what have been observed in [13] in simulations, the halo mass
function inside voids is more a�ected by the presence of massive neutrinos than in other regions in
the sky. This implies that the clustering process inside underdense regions, and consequently the void
density profile, will be di�erent while considering massive neutrinos in the cosmic budget. In [10], by
looking at the DM density profile of 3D cosmic voids of a given size, they showed how the presence
of massive neutrino will smooth the density profile by decreasing the size of the compensation wall
and by making the void less empty at the void centre, and that this e�ect is more significant at low
redshifts than higher ones. These e�ects are direct consequences of the slowing-down of clustering
due to massive neutrinos. Moreover, in [67] the authors have shown that e�ects on the density profile
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our 2D voids. In particular, changes in the underlying density profile of the objects are directly related
to their imprint signals on the CMB convergence map. Thus, analysing the actual profile of our voids
could give us insights to characterize their imprints in the CMB lensing map (see Section 4).
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distance from the void centre, compared to the mean distribution of tracers at redshift z. We can
analogously relate it to the void-halo two point cross-correlation function (2PCF), which refers to
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to estimate the density profile of our cosmic voids in the halo field, we have measured the void-halo
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where DiDj(r) and DiR(r) represent the count of pairs between the object i and the object j or the
random distribution of point R, respectively. Note that, in order to be in line with future experiments,
we computed the density profile of our voids using DM halos as tracers of the density, meaning that
the resulting profile will be also related to the void size function of Figure 5.

In Figure 6 we show the measured density profile for the void catalogue, divided in three redshift
bins (0.2 < z < 0.5, 0.8 < z < 1.2, 1.6 < z < 2.0) for the three smoothing scales considered
in this work (from top panel to bottom panel). We observe from the correlation function that once
we consider larger smoothing scales, the identified voids tend to be smoother, with a larger central
density, which is consistent with what we saw in Figure 3. Moreover in all panels, we noticed that the
presence of massive neutrinos tends to make the voids slightly deeper than standard ⇤CDM, which is
an opposite trend to what has been observed in [10]. However, the density measurement done in [10]
is the actual intrinsic density profile of cosmic voids, i.e. the density profile using the DM particles
as the tracers of the matter field, while in this work DM halos have been used. The profile is thus in
agreement with the decrease in the number of gravitationally bound halos with a mass greater than
the minimum mass of the mock catalogues (see Section 2.2). The more the neutrinos are massive,
the more the voids will be devoid of massive objects. Similarly to what happens with the halo mass
function, the e�ect of massive neutrino is greater at high redshifts than low ones, the latter being also
consistent with the fact that at higher redshifts, larger scales will be a�ected by massive neutrinos (cf.
Figure 1). We stress that the density profile presented here is computed using DM halos, i.e. biased
objects as tracers of the matter field, as they are more realistic than the DM particles which can be
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Figure 6. Void-halo two point correlation functions, 2PCF. As in the void density profiles, each row shows
a di�erent smoothing scale, while each column a di�erent redshift bin. The bottom panels in each box is the
ratio between the massive neutrino 2PCF w.r.t. the ⇤CDM case.
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•Voids in massive neutrino cosmologies seem to be slightly 
deeper than in the massless case  Massara (2015)

Figure 5. Average total matter density profiles around voids with different sizes: Re↵=10-11
Mpc/h (top), Re↵=16-18 Mpc/h (center), and Re↵=20-25 Mpc/h (bottom). Left and right panels
show results at redshifts z = 0 and z = 1, respectively. Red, purple, blue and green lines show the
0.0, 0.15, 0.3 and 0.6 eV cosmologies, respectively. At the bottom of each panel we display the ratio
between the results from the massive neutrino cosmologies and the ⇤CDM one. The vertical dashed
black lines indicate the mean value of the void radii in the selected range and two times the same
quantity.
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Cai et al. 2017, MNRAS, 466, 3364

6 Cai et al.

Figure 3. Left: Stacked Planck lensing κ maps using all voids with rv > 20h−1Mpc: ‘up’ is the direction of Galactic north. Right: 1D κ profile for the left
panel. Errors about the mean are plotted on the right panel, and the dashed line shows the predictions of our mocks. The CMB κmaps are rescaled by the void
radius rv before stacking. The inner and outer circles have the radii of rv/

√
2 and rv respectively. They represent the optimal filter radius we found from the

HOD mock.

3.1 The optimal radius of the filter

Corresponding to each void centre, the CMB signal is taken to
be the averaged temperature T (or κ) within a circular aperture
r < Rfilter minus the same quantities averaged over an annular
aperture Rfilter < r <

√
2Rfilter, where Rfilter is the size of the

compensated top-hat filter. We will call the filtered temperature and
lensing convergence ∆T and ∆κ, i.e.

∆T =

∫ Rfilter

0
T (r)dr

∫ Rfilter

0
dr

−
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Rfilter
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Rfilter
dr
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∫ Rfilter

0
dr

−

∫

√
2Rfilter

Rfilter
κ(r)dr

∫

√
2Rfilter

Rfilter
dr

(4)

To maximise the ISW signal, Cai et al. (2014) showed that the op-
timal choice was Rfilter = 0.6rv, using mock void catalogues de-
fined via haloes fromN -body simulations. Using our HOD mocks,
we re-investigate this scale factor for a possible dependence on void
radius. We find that Rfilter = 0.7rv gives slightly higher ampli-
tudes for the stacked filtered T signal as well as for the lensing κ
signal for voids with 100 < rv < 150 h−1Mpc. The correspond-
ing outer radius of the filter is rv. For simplicity, we will use this
size of the filter throughout out analysis, even though it may not be
the optimal choice for all ranges of voids.

3.2 Stacking with all voids

We now look at the results of stacking the CMB sky at the DR12
void locations. Because the predicted signal varies with void radius,
as does the fidelity of the void catalogue, we divided the results
into different bins of void radius. We sorted the voids in decreas-
ing order of radius, and measured the average filtered∆T and ∆κ
imprints for several logarithmically-spaced bins of rv.

The results are shown in the top row of Fig. 2. The filtered tem-
perature∆T is negative at large void radii. The deepest temperature
dip is approximately −6µK between rv # 100 to 150 h−1Mpc,

with a significance of 2.4σ. ∆T crosses zero at rv # 90h−1Mpc
and remains slightly positive at smaller void radii. We can under-
stand the presence of positive filtered temperature as an indication
of voids-in-clouds, i.e. voids living in over-dense environments.
The gravitational potential at the scale of the void for a void-in-
cloud is negative; i.e., it is a potential well rather than a potential hill
as intuitively expected for a void. The dominant linear ISW effect
thus yields a positive temperature perturbation (Cai et al. 2014).
We also find that the simulated ISW signal crosses zero, though
at a similar void radius of ≈ 30h−1Mpc. This indicates that the
stacked signal for the CMB temperature qualitatively resembles an
ISW signal in a ΛCDM universe.

For the largest voids, the observed ∆T shows consistency
with zero at rv >

∼
150 h−1Mpc, which confirms our speculation

from simulations that these objects may not be truly underdense at
their volume centroids. This could happen because the few largest
voids can be highly irregular in shape, composed of a few density
depressions linked together. Interestingly, the shape of the observed
∆T appears similar in shape to the simulation results, although the
simulated ∆T needs to be scaled up in order to match the data
shown in Fig. 2 (We discuss this point below).

When we look at the same results with the CMB lensing κ
map, as shown in the top-right panel of Fig. 2, the ∆κ signal has
a different character from that of ∆T . The κ measurements are
noisy at the radii where∆T peaks; but within the errors they follow
closely the curve from our simulations, and the amplitude of the
signal increases with decreasing void radius. The minimum of ∆κ
has a significance of ≈ 3σ at rv ≈ 30h−1Mpc.

Fig. 3 shows the stacked κ map (left) and its profile (right)
from the entire void sample. An underdensity of κ surrounded by
a ring of over-density is clearly seen. The mean value of κ is of
order−10−3 near the centre, and crosses zero at≈ 0.6rv , which is
very close to the optimal filter radius found from our simulation for
the ISW signal. At even larger radii, the over-dense ridge is centred
very closely at rv and then it drops to the background at ≈ 1.4rv .
Overall, the profile resembles that of a void-in-cloud. This is ex-
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Figure 2. Cosmic voids redshift(left) and Radius distribution in the �CDM DEMUNNi simulations using the 2D void finder from Sánchez et al. (2017)

Figure 3. Cosmic voids found in the �CDM DEMUNNi simulations using the 2D void finder from Sánchez et al. (2017)

5.5 Imprint in CMB lensing map

Similarly to the previous section, it is also possible to measure the
imprint of cosmic voids in lensing convergence maps from the CMB
radiation.
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that this imprint changes depending on the void population, indeed

smaller voids that tends to be deeper will have a more marked
imprint than bigger shallower voids. In Nadathur et al. (2017)
they have been using a � parameter that takes into accound the
size and density and the void, maybe we could use it as well
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 • Cutting out patches of the CMB map centered at 
superstructure position using healpix (Górski et al., 2005). 
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DES Y3 super-structures ⇥ Planck CMB lensing 7

Figure 4. Radial profiles measured from the stacked CMB  images are shown for voids (left) and superclusters (right). We detected a lower-than-expected
signal from the DES Y3 data in both cases. The disagreement compared to the WebSky simulation’s Planck cosmology is even greater than compared to MICE.

tails). In this exploratory analysis, we applied a simple halo mass cut
with M > 1013.5

h
�1

M� to define an LRG-like population which
models the DES Y3 redMaGiC sample. We also added Gaussian
photo-z errors with a �z/(1 + z) ⇡ 0.02 scatter to the simulated
WebSky spec-z coordinates to create realistic observational condi-
tions. As shown in Figure 4, the WebSky results feature a slightly
stronger void lensing profile than the MICE simulation, i.e. it is even
less consistent with the DES Y3 results. While field-to-field fluctu-
ations are non-negligible and there are di�erences in the simulated
analyses, the MICE-WebSky comparison suggests that a more com-
prehensive analysis with di�erent cosmological parameters might
help to better understand these moderate tensions, and determine
how exactly the void lensing signal depends on cosmology.

To measure the consistency between DES Y3 and MICE, we
constrained the best-fitting A = DES/MICE amplitude parameter
(and its error �A ) as a ratio of the observed and simulated CMB 
signals using the full radial profile. We again followed the DES Y1
analysis by Vielzeuf et al. (2021) and evaluated the statistic

�2 =
’
i j

�
DES
i � A · MICE

i

�
C
�1
i j

⇣
DES
j � A · MICE

j

⌘
(2)

where i is the mean CMB lensing signal in radius bin i, and C is
the corresponding covariance matrix. We searched for a best-fitting
A ± �A amplitude by fixing the shape of the stacked convergence
profile to that calibrated from the MICE simulation.

We note that, while informative to better understand the data,
this e�ective 1-parameter A fit to the expected profile shape intro-
duces a form of model-dependence to our analysis. Even though we
can expect a good agreement between the simulations and the DES
Y3 observations based on the Y1 results by Vielzeuf et al. (2021),
more complicated deviations may emerge in the real-world data
which are hard to capture in detail with this statistic. We nonethe-
less expressed our constraints in this format to match the standards
of the field, making our DES Y3 findings more easily comparable
to results in the literature.

As detailed above, we estimated the covariance using 1000
randomly generated  maps with MICE-like power spectrum
and Planck-like noise. We also corrected our estimates with an

Table 1. We compare A constraints using all the voids and superclusters
to analyses using sub-sets of the catalogues. We found a trend for a lower-
than-expected signal coming mostly from deeper voids. We also observed
that the low-z half of the sample and larger voids with Rv > 35 h�1Mpc
show weaker signals that the other half.

Voids NDES
v A ± �A S/N Tension

all objects 3578 0.79 ± 0.12 6.6 1.8�
0.15 < z < 0.55 1600 0.55 ± 0.23 2.4 2.0�
0.55 < z < 0.8 1978 0.88 ± 0.13 6.8 0.9�
Rv < 35 h�1Mpc 1799 0.82 ± 0.16 5.1 1.1�
Rv > 35 h�1Mpc 1779 0.66 ± 0.15 4.4 2.3�

�c < �0.6 2031 0.56 ± 0.14 4.0 3.1�
�c > �0.6 1547 0.95 ± 0.20 4.8 0.3�

Superclusters NDES
sc A ± �A S/N Tension

all objects 4010 0.84 ± 0.10 8.4 1.6�
0.15 < z < 0.55 1942 0.70 ± 0.15 4.7 2.0�
0.55 < z < 0.8 2068 0.91 ± 0.13 7.0 0.7�

Rsc < 35 h�1Mpc 2103 0.91 ± 0.14 6.5 0.6�
Rsc > 35 h�1Mpc 1907 0.75 ± 0.14 5.4 1.8�

�c > 0.9 2102 0.89 ± 0.13 6.8 0.8�
�c < 0.9 1908 0.83 ± 0.15 5.5 1.1�

Combined 7588 0.82 ± 0.08 10.3 2.3�

Anderson-Hartlap factor ↵ = (Nrandoms �Nbins �2)/(Nrandoms �1),
providing a ⇡ 2% correction given our DES Y3 measurement setup
(Hartlap et al. 2007).

In particular, we aimed to test the hypothesis that the DES Y3
and MICE results are in close agreement which would imply A ⇡
1. At the same time, our statistical tests also reveal the detection
significance compared to zero signal, i.e. A = 0, that is independent
from the assumed model for the CMB  profile amplitude.

Given a MICE-like signal and the uncertainties from our DES
Y3 ⇥ Planck setup, we estimated that the A parameter can be
measured with approximately 10% precision compared to a fiducial
A

fid
 amplitude, both for voids and superclusters, which is equivalent

to a S/N ⇡ 10 detection: A/A
fid
 ⇡ 1.0 ± 0.12 for the voids, and

MNRAS 000, 000–000 (0000)

Kovacs (2022)

6.6σ detection of negative CMB convergence   

 • Stacking all patches and measuring the average signal 
in different concentric radius bins around the center.

CMB lensing X voids
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State of the art and motivations

András Kovács (IAC) - akovacs@iac.es 40

Cosmic voids 
(3600)

Kovács et al. 2022 (DES collaboration) 
with P. Vielzeuf, I. Ferrero, P. Fosalba  

Superclusters  
(4000)

Are there similar findings form other probes? Yes!

NEW RESULTS

A!=!DES/!sim ̴2.3" tensionDESI Legacy Survey analysis 
https://arxiv.org/abs/2105.11936 

DESI Summary : consistency parameter

Kovacs 

CMB lensing X voids
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Correlation signal in DEMNUni

Figure 9. Radius evolution. Imprint caused by neutrinos (dashed lines) and DM only (solid line) for voids
in six di�erent radius bins for the three di�erent smoothing scale 10 h

�1Mpc (left panel), 20 h
�1Mpc (middle

panel), 30 h
�1Mpc (right panel). The shaded region represents the fluctuations of the signal measured in 1,000

randomly-generated CMB lensing map (see Section 4.1). The insight plot in each panel is the ratio of the signal
induced by neutrinos w.r.t. the one induced by DM.
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Figure 10. Imprint of cosmic voids for di�erent massive neutrino cosmologies, combined DM and neutrinos.
From left to right, three smoothing scales: 10 h

�1Mpc, 20 h
�1Mpc, 30 h

�1Mpc .

�in =

Õr<Rv/2
0 m⌫=0.16eV,0.32eV,0.53eVÕr<Rv/2

0 m⌫=0
, (4.3)

where �in stands for the amplitude ratio of the signal with and without massive neutrinos in the
inner region of the void (R < Rv/2). Figure 11 shows the sensitivity parameter of Equation 4.3 as a
function of the smoothing scale of the void finder. As already observed in Figure 10, the increase in the
smoothing scale in the void finder results in a boost of the intensity of the correlation signal amplitude,
and this boost seems to be dependant on the mass of the neutrinos present in the simulations. In other
words, as we increase the smoothing scale of the void finder, we measure a larger di�erence in the
correlation signal of massive neutrino simulations with respect to the standard ⇤CDM cosmology
without massive neutrinos. The errorbars in Figure 11 have been estimated by propagating the errors
of our stacking measurement described in Section 4.1, thus not considering any extra systematic errors.
The measure of this reduction in the lensing signal inside cosmic voids due to the presence of massive
neutrinos is in particular interesting as it is consistent with the tensions in the same lensing signal with
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Figure 11. Sensitivity parameter �in - Eq. (4.3) - for di�erent massive neutrino masses as a function of the
void finder smoothing scale.[Matteo: In the figure we should add h

�1
Mpc as x-label]

massless neutrinos and ⇤CDM simulation [4, 5]. Namely, in both analysis voids have been identified
using the 2D void finder described previously with a smoothing scale of 20h

�1Mpc, resulting in a
observed signal of the correlation of cosmic voids with the Planck 2018 lensing convergence map
[84] about 2� lower than the one measured in ⇤CDM simulation without massive neutrinos. The
direction of this tension is thus in line with the decrease of the lensing imprint of cosmic voids caused
by the presence of massive neutrinos in our simulations.

Void redshift evolution We used the same redshift binning than in Section 4.2.1 and applied our
stacking methodology to catalogues for each of the massive neutrino simulations, combining both
DM and neutrino maps. We show in the top panel of Figure 12 the profiles measured for the di�erent
smoothing scales, while in the bottom panels the sensitivity of the signal in the central part of the
stacked voids as a function of redshift for the di�erent massive neutrino cosmologies and the di�erent
smoothing scales11. At low redshifts, although neutrinos will fall in large potential wells, we expect the
smaller fluctuations to be smoothed. Namely, from Figure 1 we can see that as the redshift decreases,
smaller scales will be a�ected. On the other hand, as we increase the redshift, the di�erence in
the void population is also increasing when neutrinos are more massive (see Figure 5); the amount
of small voids will be larger in the massless neutrino simulations with respect to the massive ones.
These small structures would be more smoothed in their centre due to their size, on similar scales
for which massive neutrinos will smooth the matter field. However, in the medium redshift range,
the sensitivity parameter decreases with the neutrino mass. This is consistent with the slight tension
claimed by [4], where a lower signal in the observation appears in the DESI Legacy survey observation
at 0.6 < z < 0.8.

Void radius evolution Previously, we have measured that medium redshift ranges are showing more
di�erences in void lensing imprints (Figure 12). In addition to that, it is also possible to prune the
void catalogue in order to select voids that show a stronger lensing imprint. Moreover, as explained
before and confirmed above, we expect the smaller voids to be more a�ected by the presence of
massive neutrino since the neutrino will reduce the clustering at the scales corresponding to their
sizes, making them less underdensed. Consequently, similarly to what we did in Sect. 4.2.1, we split
the void catalogues into di�erent bins in radius and measure the stacked lensing signal of all the
sub-samples, separately.

11We have considered additional redshift bins as well to have a more detailed overview on the redshift evolution of the
sensitivity parameter.
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where �in stands for the amplitude ratio of the signal with and without massive neutrinos in the
inner region of the void (R < Rv/2). Figure 11 shows the sensitivity parameter of Equation 4.3 as a
function of the smoothing scale of the void finder. As already observed in Figure 10, the increase in the
smoothing scale in the void finder results in a boost of the intensity of the correlation signal amplitude,
and this boost seems to be dependant on the mass of the neutrinos present in the simulations. In other
words, as we increase the smoothing scale of the void finder, we measure a larger di�erence in the
correlation signal of massive neutrino simulations with respect to the standard ⇤CDM cosmology
without massive neutrinos. The errorbars in Figure 11 have been estimated by propagating the errors
of our stacking measurement described in Section 4.1, thus not considering any extra systematic errors.
The measure of this reduction in the lensing signal inside cosmic voids due to the presence of massive
neutrinos is in particular interesting as it is consistent with the tensions in the same lensing signal with
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where �in stands for the amplitude ratio of the signal with and without massive neutrinos in the
inner region of the void (R < Rv/2). Figure 11 shows the sensitivity parameter of Equation 4.3 as a
function of the smoothing scale of the void finder. As already observed in Figure 10, the increase in the
smoothing scale in the void finder results in a boost of the intensity of the correlation signal amplitude,
and this boost seems to be dependant on the mass of the neutrinos present in the simulations. In other
words, as we increase the smoothing scale of the void finder, we measure a larger di�erence in the
correlation signal of massive neutrino simulations with respect to the standard ⇤CDM cosmology
without massive neutrinos. The errorbars in Figure 11 have been estimated by propagating the errors
of our stacking measurement described in Section 4.1, thus not considering any extra systematic errors.
The measure of this reduction in the lensing signal inside cosmic voids due to the presence of massive
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massless neutrinos and ⇤CDM simulation [4, 5]. Namely, in both analysis voids have been identified
using the 2D void finder described previously with a smoothing scale of 20h

�1Mpc, resulting in a
observed signal of the correlation of cosmic voids with the Planck 2018 lensing convergence map
[84] about 2� lower than the one measured in ⇤CDM simulation without massive neutrinos. The
direction of this tension is thus in line with the decrease of the lensing imprint of cosmic voids caused
by the presence of massive neutrinos in our simulations.

Void redshift evolution We used the same redshift binning than in Section 4.2.1 and applied our
stacking methodology to catalogues for each of the massive neutrino simulations, combining both
DM and neutrino maps. We show in the top panel of Figure 12 the profiles measured for the di�erent
smoothing scales, while in the bottom panels the sensitivity of the signal in the central part of the
stacked voids as a function of redshift for the di�erent massive neutrino cosmologies and the di�erent
smoothing scales11. At low redshifts, although neutrinos will fall in large potential wells, we expect the
smaller fluctuations to be smoothed. Namely, from Figure 1 we can see that as the redshift decreases,
smaller scales will be a�ected. On the other hand, as we increase the redshift, the di�erence in
the void population is also increasing when neutrinos are more massive (see Figure 5); the amount
of small voids will be larger in the massless neutrino simulations with respect to the massive ones.
These small structures would be more smoothed in their centre due to their size, on similar scales
for which massive neutrinos will smooth the matter field. However, in the medium redshift range,
the sensitivity parameter decreases with the neutrino mass. This is consistent with the slight tension
claimed by [4], where a lower signal in the observation appears in the DESI Legacy survey observation
at 0.6 < z < 0.8.

Void radius evolution Previously, we have measured that medium redshift ranges are showing more
di�erences in void lensing imprints (Figure 12). In addition to that, it is also possible to prune the
void catalogue in order to select voids that show a stronger lensing imprint. Moreover, as explained
before and confirmed above, we expect the smaller voids to be more a�ected by the presence of
massive neutrino since the neutrino will reduce the clustering at the scales corresponding to their
sizes, making them less underdensed. Consequently, similarly to what we did in Sect. 4.2.1, we split
the void catalogues into di�erent bins in radius and measure the stacked lensing signal of all the
sub-samples, separately.

11We have considered additional redshift bins as well to have a more detailed overview on the redshift evolution of the
sensitivity parameter.
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where �in stands for the amplitude ratio of the signal with and without massive neutrinos in the
inner region of the void (R < Rv/2). Figure 11 shows the sensitivity parameter of Equation 4.3 as a
function of the smoothing scale of the void finder. As already observed in Figure 10, the increase in the
smoothing scale in the void finder results in a boost of the intensity of the correlation signal amplitude,
and this boost seems to be dependant on the mass of the neutrinos present in the simulations. In other
words, as we increase the smoothing scale of the void finder, we measure a larger di�erence in the
correlation signal of massive neutrino simulations with respect to the standard ⇤CDM cosmology
without massive neutrinos. The errorbars in Figure 11 have been estimated by propagating the errors
of our stacking measurement described in Section 4.1, thus not considering any extra systematic errors.
The measure of this reduction in the lensing signal inside cosmic voids due to the presence of massive
neutrinos is in particular interesting as it is consistent with the tensions in the same lensing signal with
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DES Y3 super-structures ⇥ Planck CMB lensing 7

Figure 4. Radial profiles measured from the stacked CMB  images are shown for voids (left) and superclusters (right). We detected a lower-than-expected
signal from the DES Y3 data in both cases. The disagreement compared to the WebSky simulation’s Planck cosmology is even greater than compared to MICE.

tails). In this exploratory analysis, we applied a simple halo mass cut
with M > 1013.5

h
�1

M� to define an LRG-like population which
models the DES Y3 redMaGiC sample. We also added Gaussian
photo-z errors with a �z/(1 + z) ⇡ 0.02 scatter to the simulated
WebSky spec-z coordinates to create realistic observational condi-
tions. As shown in Figure 4, the WebSky results feature a slightly
stronger void lensing profile than the MICE simulation, i.e. it is even
less consistent with the DES Y3 results. While field-to-field fluctu-
ations are non-negligible and there are di�erences in the simulated
analyses, the MICE-WebSky comparison suggests that a more com-
prehensive analysis with di�erent cosmological parameters might
help to better understand these moderate tensions, and determine
how exactly the void lensing signal depends on cosmology.

To measure the consistency between DES Y3 and MICE, we
constrained the best-fitting A = DES/MICE amplitude parameter
(and its error �A ) as a ratio of the observed and simulated CMB 
signals using the full radial profile. We again followed the DES Y1
analysis by Vielzeuf et al. (2021) and evaluated the statistic

�2 =
’
i j

�
DES
i � A · MICE

i

�
C
�1
i j

⇣
DES
j � A · MICE

j

⌘
(2)

where i is the mean CMB lensing signal in radius bin i, and C is
the corresponding covariance matrix. We searched for a best-fitting
A ± �A amplitude by fixing the shape of the stacked convergence
profile to that calibrated from the MICE simulation.

We note that, while informative to better understand the data,
this e�ective 1-parameter A fit to the expected profile shape intro-
duces a form of model-dependence to our analysis. Even though we
can expect a good agreement between the simulations and the DES
Y3 observations based on the Y1 results by Vielzeuf et al. (2021),
more complicated deviations may emerge in the real-world data
which are hard to capture in detail with this statistic. We nonethe-
less expressed our constraints in this format to match the standards
of the field, making our DES Y3 findings more easily comparable
to results in the literature.

As detailed above, we estimated the covariance using 1000
randomly generated  maps with MICE-like power spectrum
and Planck-like noise. We also corrected our estimates with an

Table 1. We compare A constraints using all the voids and superclusters
to analyses using sub-sets of the catalogues. We found a trend for a lower-
than-expected signal coming mostly from deeper voids. We also observed
that the low-z half of the sample and larger voids with Rv > 35 h�1Mpc
show weaker signals that the other half.

Voids NDES
v A ± �A S/N Tension

all objects 3578 0.79 ± 0.12 6.6 1.8�
0.15 < z < 0.55 1600 0.55 ± 0.23 2.4 2.0�
0.55 < z < 0.8 1978 0.88 ± 0.13 6.8 0.9�
Rv < 35 h�1Mpc 1799 0.82 ± 0.16 5.1 1.1�
Rv > 35 h�1Mpc 1779 0.66 ± 0.15 4.4 2.3�

�c < �0.6 2031 0.56 ± 0.14 4.0 3.1�
�c > �0.6 1547 0.95 ± 0.20 4.8 0.3�

Superclusters NDES
sc A ± �A S/N Tension

all objects 4010 0.84 ± 0.10 8.4 1.6�
0.15 < z < 0.55 1942 0.70 ± 0.15 4.7 2.0�
0.55 < z < 0.8 2068 0.91 ± 0.13 7.0 0.7�

Rsc < 35 h�1Mpc 2103 0.91 ± 0.14 6.5 0.6�
Rsc > 35 h�1Mpc 1907 0.75 ± 0.14 5.4 1.8�

�c > 0.9 2102 0.89 ± 0.13 6.8 0.8�
�c < 0.9 1908 0.83 ± 0.15 5.5 1.1�

Combined 7588 0.82 ± 0.08 10.3 2.3�

Anderson-Hartlap factor ↵ = (Nrandoms �Nbins �2)/(Nrandoms �1),
providing a ⇡ 2% correction given our DES Y3 measurement setup
(Hartlap et al. 2007).

In particular, we aimed to test the hypothesis that the DES Y3
and MICE results are in close agreement which would imply A ⇡
1. At the same time, our statistical tests also reveal the detection
significance compared to zero signal, i.e. A = 0, that is independent
from the assumed model for the CMB  profile amplitude.

Given a MICE-like signal and the uncertainties from our DES
Y3 ⇥ Planck setup, we estimated that the A parameter can be
measured with approximately 10% precision compared to a fiducial
A

fid
 amplitude, both for voids and superclusters, which is equivalent

to a S/N ⇡ 10 detection: A/A
fid
 ⇡ 1.0 ± 0.12 for the voids, and
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The measure of the reduction in the lensing signal inside cosmic voids due to the presence of massive 
neutrinos is in particular interesting as it is consistent with the tensions in the same lensing signal with 
massless neutrinos and ΛCDM simulation  

We note that the presence of massive neutrinos in our simulation tends to decrease the void-CMB 
lensing signal, and this effect is more enhanced as one increases neutrino mass, and for larger 
smoothing scales in the void identification process. This suggest that more the neutrinos are massive, 
less empty will be the voids (lower de-lensing signal implying more matter inside the voids).  

The presence of massive neutrinos will depend on the scales and redshift considered  

Cosmic voids are promising tool for cosmology and massive neutrino cosmology, in particular using 
their correlation signal with CMB maps 

Conclusions
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Thank you!
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1 Introduction

In this section, we used the Weak Lensing sample of the Flagship mock Galaxy

catalogue to characterise . The Flagship galaxy mock span one octant of the

sky up to redshift z = 2.3 with a flat CDM cosmology with fiducial value of

⌦m = 0.319,⌦b = 0.049,⌦⇤ = 0.681,�8 = 0.83, ns = 0.96, h = 0.67. We further

apply a gaussian scatter to the galaxy redshift (0.05(1 + z)) to mimic redshift

uncertainties of the Euclid photometric sample. In order to verify that the bias

modelisation used for our forecast is representative of the Euclid observations,

we have measured the void bias redshift evolution in the Flagship simulations

for the voids catalogue presented in figure ?? in di↵erent redshift bins. We use

nbodykit[Hand, Feng, Beutler, Li, Modi, Seljak & SlepianHand et al.2018] to com-

pute the auto power-spectrum of the voids in the redshift bins (z. . . ) and from

eq ??, infer the void bias as :

bv =

s
Pvv � 1/n̄v

Pmm
(1)

Figure ?? is showing the evolution of the bias as a function of redshift for the

di↵erent void catalogues considered in this work. The solid blue line in figure ??s
showing the bias modelized with the Vdn formalism. We observed close enough

bias evolution for the purpose of this analysis and validate the the prescription

of such model.
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