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COLLABORATORS
Variety of observables interesting for different groups

• Lensing Simulations: M. Meneghetti, R. B. Metcalf, L. Moscardini…


• Galaxy Clusters: L. Moscardini, M. Meneghetti, S. Ettori, M. Bolzonella, O. 
Cucciati, F. Marulli, M. Sereno…


• Redshift Evolution of the Galaxy Population: L. Pozzetti, M. Bolzonella, F. 
Farsian, L. Bisigello, Xavier Lopez…


• Cosmological Simulations and non-Standard Models: M. Baldi, S. Contarini, F. 
Finelli, …


• AGN evolution: V. Allevato…



OUTLOOK
Simulating Observables sometime beyond what could be analytically modelled

• Scientific background


• New fast and efficient tool for light-cone simulations


• Simulating models beyond Vanilla ΛCDM


• Challenges within the Euclid collaboration


• Summary: what are we expecting from FUTURE SURVEYS?



Fourier modes

k [h/Mpc]                            l [1/radiants]
1 radiants is 206265 arcsec

Large k and large l mean small scales:  
comoving or angular



Baldi 2012

Castorina et al. 2015

Taro et al. 2015

Weak Gravitational Lensing
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the average measure of the shape of the galaxies 
is an (un)biased estimate of the shear field

interposed matter density distribution
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primary cosmological probe

depends on the projected matter 
density distribution: does not relay on 
any assumption on its dynamical 
state

on large scales it is very sensitive to 
the linear power spectrum

on small scales it depends on non-
linear clustering of matter: dark 
matter haloes & baryons

the modification of the shape of 
background galaxies is very small

Measuring the small intrinsic deformation of background galaxies
Weak Gravitational Lensing
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DES-Y3 - 2021



approximately 30 gal/arcmin2

 15.0000 deg2

the peak of the source redshift 
distribution will move toward redshift z~1;
large sample of tomographic bins (10) for 

weak lensing analyses.

VIS: Simulation 
of M51 

 

2.4m SDSS-like @ z=0.1                              Euclid  @ z=0.1                                         

Euclid will get the resolution of SDSS but at z=1 instead of z=0.05. 

Euclid will be 3 magnitudes deeper  ! Euclid  Legacy = Super-Sloan Survey  

    Euclid  @ z=0.1                                                            Euclid  @ z=0.7 

Euclid will get the resolution of SDSS but at z=1 instead of z=0.05. 

Euclid will be 3 magnitudes deeper  ! Euclid  Legacy = Super-Sloan Survey  

VIS: Simulation 
of M51 
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Wide field surveys from space
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Weak Lensing
Studying the geometry and the energy budget of the Universe

Reference model: Halofit+PKequal

(Euclid ) Martinelli et al. (incl. Giocoli) 2021



Convergence power spectrum

Theoretical models for the non-linear power spectrum
in the Limber and Born approximation regimes and sources 

at a given redshift zs:

3D non-linear 

2D

Models (Halofit and extended versions)
Perturbation theory
Halo Model & extended versions

for the three-dimensional matter power spectrum:

accurate numerical simulations (with baryons, beyond the standard model 
etc.) based on N-Body solvers
approximate methods (COLA, Pinocchio, Patchy …)

Full cosmological exploitation of observational data we need

from linear to non-linear theory
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Theoretical models for the non-linear power spectrum
in the Limber and Born approximation regimes and sources 

at a given redshift zs:

3D non-linear 

2D

Models (Halofit and extended versions)
Perturbation theory
Halo Model & extended versions

for the three-dimensional matter power spectrum:

accurate numerical simulations (with baryons, beyond the standard model 
etc.) based on N-Body solvers
approximate methods (COLA, Pinocchio, Patchy …)

Full cosmological exploitation of observational data we need

from linear to non-linear theory

Martinet et al. (incl. Giocoli) 2021



Curtesy of Guadalupe Cañas-Herrera 

Validations and Benchmarks with dedicated simulations 
Strong interface with Theory, Cosmological Simulation SWG and Galaxy Clusters



The mass density is then interpolated from the projected particle positions to a two-dimensional 
grid using a triangular shaped cloud (TSC) scheme.


Building the Planes

Each colored box has a different randomization: box centre, sign of the axes and face of box in front of the observer.


Boyle et al. (incl. Giocoli) 2020 (box: 750 Mpc/h)


MapSim
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Convergence Power Spectrum

Castro, Quartin, Giocoli, Borgani and Dolag 2018

cosmological full sph-hydro simulation 

performed high resolution lensing light-cones of the various boxes, comparison 
between DM-only and baryon runs allow to quantify the effect of the different 

baryonic systems on lensing quantities 

6 Castro, Quartin, Giocoli, Borgani & Dolag

Figure 1. Convergence maps for zs = 1 for both DM-only and AGN-Hydro runs, within the same Box 4 light-cone realization. H1 and
H2 are two halos at z = {0.56, 0.50}, and with M2500 = {1.3, 1.9} ◊ 1013 M§/h, respectively. The dot-dashed lines represent the R2500
for both halos. The solid black, red, and white lines are isocontours for Ÿ = {0.1, 0.2, 0.5}. Top row: visual e�ect of the resolution on the
maps. Note that the lower resolution smears the density field and a blurring is noticeable. Bottom row: comparison with AGN-Hydro
simulations. On the full map panels the di�erence between AGN-Hydro and DM-only runs is subtle. However, zooming into dense regions
the formation of substructure enhanced by baryonic cooling can be seen by eye. Comparing the area inside R2500 with the area inside the
solid black contours on H1 and H2 for both AGN-Hydro and DM-only another e�ect of baryonic cooling is evident: the halo contraction.

one from the di�use gas. At even smaller scales (¸ & 105 –
central parts of the galaxies) it surpasses the DM signal, as
there baryonic physics dominates the dynamics (for detailed
comparison with observations see Remus et al. 2017b). Black
holes do not significantly contribute to the lensing signal
as they reside in the central parts of galaxies, where other
baryonic material dominates the total mass. Extrapolating
from the plot we clearly see that the corresponding scales at
which they could become important are much smaller than
our resolutions (¸ ∫ 106).

The specific amount of stars formed in the halos as well
as their detailed distribution depend on the implementa-
tion of the baryonic sub-grid physics which control the rel-
evant processes for the evolution of galaxies. Therefore, in
the bottom panel of Figure 2 we compare the results from
three, widely di�erent set-ups as described in section 2.1,
where we varied the AGN feedback model (“AGN2”), the
stellar feedback model (“SFR2”) as well as including mag-

netic fields (“MHD”). Note that all these implementations
are chosen to produce satisfactory ICM properties as well as
qualitatively matching the overall stellar masses of massive
galaxies. Di�erences on the way feedback energy changes the
distribution of the di�use medium in the outer parts of the
halos can be clearly seen as well as the small changes in the
stellar components due to the di�erent models.

Given the diversity of scenarios this should give a rough
estimate of the overall implications due to the uncertainties
within the treatment of the baryonic processes. For instance,
the lack of power on the gas component for “MHD” with
respect to “SFR2” is due to the fact that the former does
not include AGN feedback, thus the available gas in haloes
is progressively converted to stars due to faster baryonic
cooling. On the other hand, the lack of power on the star
component for “AGN2” with respect to “SFR2” is due to an
excess of AGN feedback which causes more gas to be heated
and pushed out from the ICM.

MNRAS 000, 1–20 (2018)

MapSim: HEALPix or FlatSky
Giocoli et al. 2015
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MapSim: HEALPix or FlatSky
Giocoli et al. 2015



Modified Gravity Models

Non standard Concordance Model?

Coupled DE-DM Universes? 

Modified Gravity?

Massive Neutrinos?

Modified Gravity & Massive Neutrinos?

Giocoli et al. 2015 
Giocoli et al. 2017b

Giocoli, Baldi and Moscardini 2018 
Peel, Pettorino, Giocoli, Starck, Baldi 2018 

Merten, Giocoli, Baldi et al. 2019 
Girelli et al.  (incl. Giocoli) 2020

DUSTGRAIN-pathfinder runs: 750 Mpc/h and 7683 DM part. 

Baryons (Magneticum Sims)
Castro, Quartin, Giocoli et al. 2017

fR0
neutrino mass eV

Hu and Sawicki 2007



Light-Cone Construction

for each simulation we have generated 256 different light-cone randomisations 
with 5x5 deg2 up to z=4, with resolution of ~9 arcsec
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Figure 7. Cluster – haloes more massive then 1014 M�/h – red-
shift distribution for the various cosmological models. The various
curves display the median counts in the di↵erent light-cone reali-
sations while the shaded grey area bracketing the �CDM measure-
ments defines the first and the third quartiles of the distribution.
The red and the pink area mark the Poisson uncertainties of the
counts within 25 and 15, 000 square degrees. The three sub-panels
display the relative di↵erence of the counts in the di↵erent MG
models, with or without the massive neutrino components, with
respect to the �CDM ones.

, Hagstotz et al., in prep). In general we notice that while
MG can have qualitatively di↵erent e↵ects for di↵erent halo
masses depending on the value of the fR0 parameter, the
e↵ect of a massive neutrino component is always an increas-
ing suppression of the halo counts for increasing mass, with
magnitude that is stronger for larger total neutrino masses.

As discussed in Sartoris et al. (2016), future wide field
surveys are expected to provide important information also
on the cluster and halo counts at higher redshifts. For the
Euclid wide survey most of the clusters are expected to have
a redshift between 0.6 < z < 1.2, and even larger.

In order to understand the e↵ect of MG with and with-
out massive neutrinos at these higher redshifts, in Fig. 6 we
display the halo mass function per unit square degree for
0.75 < z < 1.25. The relative trends with respect to �CDM
and to lower redshift counts allows us to better trace the
growth of structures in non-standard models. The data in
the panels are analogous to Fig. 5. From Fig. 6 we notice
that in particular the f R6 models show a lower excess of

Figure 8. Convergence power spectra at four di↵erent redshifts:
zs = 4, 2, 1 0.5 from top to bottom, respectively. The black curves
display the average measurements from 256 light-cone random re-
alisations for the �CDM model. Green, red and blue curves show
the measurements for the f R6, f R5 and f R4 models, respectively;
orange dashed curves refer to the prediction using linear mat-
ter power spectrum for the �CDM cosmology using CAMB. The
black vertical line marks the angular mode corresponding to half
field of view lhalf = 144. The pink and cyan shaded area illustrate
the observational uncertainties – up to l = 3000 – associated to
the power spectra for a survey of 15, 000 and 154 square degrees
considering a number density of galaxies of 8 and 33 per square
arcmin, with corresponding average source redshift of zs = 1 and
zs = 0.5, respectively.

low mass haloes with respect to the standard cosmology as
compared to the lower redshift observations of Fig. 5. In
this redshift bin the low-mass systems of the f R5 models
are more numerous by about 20% while the abundance of
more massive cluster-sized objects is again consistent with
the �CDM expectation. In the last sub-panel we show the
case of the f R4 cosmologies: the model without massive neu-
trinos has more haloes than �CDM , reaching a di↵erence of
about 80% for cluster-size haloes, while the model featuring
a 0.3 eV neutrino mass is again very close to the standard
cosmology also at these redshifts. These results clearly con-
firm the strong degeneracy between f (R) modified gravity
and massive neutrinos in the non-linear regime of structure
formation that has been first pointed out by Baldi et al.
(2014) and subsequently confirmed by other studies (see e.g.
Mead et al. 2016; Bellomo et al. 2017; Wright et al. 2017;
Peel et al. 2018).

Next generation of space missions, like the Euclid ESA
mission, are expected to use cluster counts as a complemen-
tary cosmological probe to weak lensing and galaxy clus-
tering. As discussed in Sartoris et al. (2016), photometric
identification of galaxy clusters is expected to deliver a cat-
alogue of systems with S/N > 3 with a minimum mass of
approximately Mmin ⇡ 1014

M�/h, almost independently of
redshift up to z = 2. In Fig. 7 we display the median cluster
redshift distribution in the di↵erent light-cone realisations.
The black curve shows the median counts in the �CDM past-
light-cones and the shaded gray area brackets the first and
the third quartiles of the distribution. The red and pink re-

MNRAS 000, 1–17 (2018)

Cosmic Shear Tomography

observational uncertainties linked 
to the intrinsic galaxy ellipticities  
and to the number of background  

galaxies, 18 and 32 per square arcmin

smallest scale expected to be probed  
by future wide field surveys (Euclid, LSST)
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Figure 9. Relative di↵erence between the convergence power spectra at four considered source redshifts for the various cosmological
models with respect to the �CDM one. In each panel from top to bottom we display the measurements for zs = 4, 2, 1 and 0.5, respectively.
As in Fig. 4, in the top left panel we display the relative di↵erences for the pure MG models, while in the others we show the MG with
the corresponding total massive neutrino components.

Figure 10. Ratio between the convergence power spectra measured at l = 100 (left panel) and l = 1000 (right panel) between the di↵erent
non-standard models and the �CDM one as a function of the source redshift zs .

MNRAS 000, 1–17 (2018)

Giocoli, Baldi and Moscardini 2018



Cosmic Shear Tomography
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Figure 11. Convergence distribution for the di↵erent cosmological models in term of the �CDM one. From top to bottom we display the

prediction for zs = 4, 2 and 1. The curves refer to the average distribution over the various realizations while the shaded area marks the

variance of the �CDM measurements. The data are constructed binning log( + 1) between �0.15 and 0.5 in 256 intervals and displayed

when for the �CDM model the counts are larger than 10 units.

Figure 12.

MNRAS 000, 1–10 (2018)
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Looking at the relative contribution! 





2pt-Statistic



Perimeters Area Counts (Peaks)

Teresa De Candia Master Thesis

2pt-Statistic

High-Order-Statistics









Cosmological Fisher analyses of  
high-order-statistics



Summary

Data: Numerical  
Simulations

• Database of Light-Cone simulations 
• New statistical tool to analyse data 
• Peak statists is powerful: calibrate model 
• Combine cosmological probes for future wide field surveys

Databases

Machine  
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