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CLUSTER COSMOLOGY WITH EUCLID | ——
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Euclid Cluster Cosmology Probes: | - NC+CL+ My
o Cluster counts as a function of richness and redshift
— constraints on S, = ¢, (22 /0.3)"?

o Stacked Cluster Weak Lensing profile in richness and redshift bins
— constrain the richness-mass relation
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o Clustering of clusters (real space) in richness and redshift bins
— constraints on 2 and o,

Q,, =0.30;08 = 0.80;w = —1.0
Q,, =0.30;08 = 0.90;w = —1.0
Qm=0.25;08 =0.75;w = —1.0

- 2, =030;08 =0.70;w = —0.7 , - s R AL
- 0, =0.30;08 =085 w=-1.3 ‘ | 20 30 40 60 80 100

0 1 -
..1.0114 i F e : i 10 5 10 r[h lMpc]
R[h~"Mp(¢]
Moo, [AL;:]

L Coll Averezrome=memrremmey s

dn/dlog M [Mpc™?]




EUCLID CLUSTER COSMOLOGY PIPELINE
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EUCLID CLUSTER COSMOLOGY PIPELINE
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DR1-KP-CG-1 PAPERS

Halo mass
function and

KP-CG-1-1: Constraints on vLCDM, vwCDM,wO0-wa from cluster catalogues with NC+2pCF+shear mass (Flagship paper) hias

Coordinator(s): M. Costanzi, M. Maturi, L. Moscardini

KP-CG-1-2: Selection and Characterization of the galaxy cluster catalogue for cosmology
Coordinator(s): S. Bhargava, M. Maturi

KP-CG-1-3 : Calibration of optical selection biases in the Euclid cluster catalogue with simulations
Coordinators: R. Ingrao, C. Murray

KP-CG-1-4: Stacked weak lensing mass calibration of the Euclid cluster cosmology catalogue
Coordinators: G. Lesci, L. Baumont

KP-CG-1-7: Generation of mock Euclid photometric galaxy cluster catalogues

Coordinator: T. Castro

WP3-PL-KP-2: Modelling and implementation of Euclid Cluster Cosmological Likelihood

Coordinators: A. Fumagalli, Z. Sakr C el
osmologica
*Coordinators from Italian Institutes Likelihogds
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CLUSTER COUNTS AND CLUSTERING MODELING

7 N e
N-BODY SIMULATIONS (Castro+23,24): APPROXIMATE MOCKS:
3 sets of simulations aimed at studying: 1000 PINOCCHIO (Monaco+13) halo
- Numerical systematics light-cone catalogs at fixed cosmology
- Departure from Universality painted with  Euclid-like cluster
- Cosmological dependence observables (Fumagalli+22,+in prep)

. [
e Halo mass function Cluster counts in observable space
e Halo bias

2pt correlation function in observable space

o
©
~
o

Nrtheory/(Sims)
g8 =B
(bsim)/b -1

M,
— 25x10B¥ = <3.4x1013
= Mo h —o— no photoz
Ccé — C8 -t T

\ - : o~ 0y =0.005
7 — co 10 —— 0,=001

161 1615 k[Mpc‘lh]

Myic[h™1 Mo ]

20 30 40 60 80 100 130
r[h~* Mpc]

ISTITUTO NAZIONALE

DI ASTROFISICA

FoR RScPRvSics 7° Meeting Nazionale Collaborazione Euclid Italia — Bologna 30 Giugno — 2 Luglio 2025 @




CLUSTER COUNTS AND CLUSTERING MODELING

Top: Cluster counts £ :.

and clustering auto- =
and cross-covariance
from 1000 mock
simulations

Bottom: Comparison
of numerical and ®
analytic cluster %

counts and clustering

covariance terms
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APPROXIMATE MOCKS:
1000 PINOCCHIO (Monaco+13) halo
light-cone catalogs at fixed cosmology
painted  with Euclid-like cluster
observables (Fumagalli+22,+in prep)

|
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e Covariance matrix:
Cluster counts and 2pt
function analytical
calibrated and vetted
PINOCCHIO mock catalogs.

correlation
covariance matrix
against

Modeling includes: photo-z uncertainty,

richness estimate error and RSD
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/\_< \ Fumagalli et al in prep.
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OPTICAL SELECTION BIAS

Line Of Slg ht Photo-z resolution @ z=0.2:
bl T e 4 Az~0.05 (~150 Mpc) ‘
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Optical selection bias introduces a
correlation between richness and WL
signal, which needs to be properly
modeled to recover unbiased mass
estimates
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SELECTION FUNCTION

Cluster and galaxy _ —
. . tal I Probability associations I
e Observed richness-mass relation: catalogues e

| Cluster members P>0 | | Field galaxies
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+ >| Generate mock clusters | | Randomize positions |

Random position shifts \ /
N
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Selection Function empirically , - g
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based approach applied to the [ Cluster detection PF ]
data ¥

Selection Function: (——[ Richness / Redshift PF ]
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SHEAR PROFILE MODEL SYSTEMATICS

Projected galaxy distribution around a 10’ halo  Projected halo density from DM-particles

@ Galaxies (color/size = P, 1.00 E(r) € 13.999 = 10910 (M hiM o ) < 14.001

¢ CosmoPostProcess: | Bl
Implemented and validated pipeline N Z2 iy e
to compute autoconsitently
projected halo density profiles and
observed richness in simulations.
(Ingrao et al in prep.)

- Halos and DM particles from o

661.75

PICCOLO suite of N'bOdy ' e X[N:;fh“] o ' 10;][Mpch“]
simulations (Castro+23) \ /
- Galaxy membership probability as a

function of redshift and radial WL selection l;ias for different cosmologies

separation, calibrated on mock
detections on Flagship

1 —@— CO-bin: 30<A<40and0.1 <z<0.42
~@—~ Cl-bin: 30<A<40and0.1 <z<0.42

Calibration of selection bias on
lensing profile for different
cosmologies and HOD models
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SHEAR PROFILE MODEL SYSTEMATICS

Smoothed |aXy Density (Pmem > 0.5) Radial Separation Distributions h
— true miscentering
CosmoPostProcess: ' — simulated miscentering

Implemented and validated pipeline
to compute autoconsitently
projected halo density profiles and
observed richness in simulations.
(Ingrao et al in prep.)
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EUCLID CLUSTER COSMOLOGY LIKELIHOOD

7

N
cloe-org

cloe-org Hub for cosmological modeling and statistical inference focused on large-scale structure Mock MCMC test of Euclid Cluster

pipeline CLOE v1

\,

) £ B CCcovfixed
A\ mmm CC+ WL covfixed

Developer: A. Fumagalli, Z. Sakr, G. Lesci, M. Aguena, L. Baumont, ... e

B CC+ WL+ xi2 covfixed

e Current status:

o Likelihoods for the three probes have been implemented,

optimised and tested in CLOE v1

o  Currently working on migration to CLOE v2 (cloe-org):

m Implemented and tested all relevant functions to

compute cluster statistics (cloe-11ib)

NN

Finalizing integration of all the above functions for

Os

. .na. likelihood computation (cloe-1like)
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