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Baryon Acoustic Oscillations

Galaxy Clustering Signal

200

® Primordial sound
perturbations of known size

Standard Ruler e Observed size set by Universe

From BAO to Dark Energy expansion at observed Cosmic Expansion

30

° > 6dFGS
redSh Ift *  SDSS MGS
A

e Constrain DE by tracing the
Universe evolution

distance/rg\/z

Simple, Robust, Precise
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Baryon Acoustic Oscillations

Standard Ruler
From BAO to Dark Energy Peak/Brad-Band Split
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Simple, Robust, Precise BAO Reconstruction

Real space

=== | inear theory

= = Pre-reconstruction

=== Post-reconstruction
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BAO in Euclid

. ' Credits: A. P
0 Anchoring Cosmological Parameters | redits: A. Pezzotta

B wyw,CDM : FS
N wow,CDM : FS + BAO

Analysis & Plots: A. Pezzotta (OAB), C. Moretti (OATS)
Covariance: G. Gambardella (ICE-CSIC), E. Sarpa (SISSA)

DE Parameters
WK

® Robust Estimates of Cosmological
Expansion

e Guide Full-Shape Fit

i

-

* Improving Constraints on DE Equation
of State Parameters: w, , w,

-
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BAO in Euclid
© Feasibility Test

Synergy Between: GC2 (Sys: P. Monaco, UniTS; I. Risso, UniGe; Y.
Elkhashab, OATS; B. Camacho, SISSA); GC3 (Catalogue: A. Farina,

UniGe); GC4 (BAO: E. Sarpa, SISSA) BAO Signal To Noise Ratio
50 -

40 A

* Resilient to Observational Systematics
e Peak-Detection: Fast and Simple

e Forward Modeling: BAO response to
Obs-Sys, “easy” to predict, can be used to
Guide Sample Selection
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Radmap To DR1

Pipeline Development

Calibrated on Nominal Euclid
Characteristics

e Set up reconstruction tools
e Galaxy Clustering Estimators
e Optimized Likelihood Pipelines

Available Datasets

Data Readiness

Reconstruction as it is
(regular geometry)
E. Maragliano (UniGE)

30Deg Cone
+ Z-sys
+ 6-sys

\.

RRX mask

Realistic
Contamination (?)

Data Oriented
Reconstruction
(Irregular Geometry)
E. Sarpa (SISSA)

DR1 mask
Realistic
Contamination (?

\

2PCF Measurements &
Numerical Covariances
J. Bel, A. Fiorilli, A. Pezzotta
M. Karcher (UniMi) {

Power Spectrum
Measurements &
Numerical Covariances
C. Oliveri (SISSA), S. Radinovich

e A
Optimal BAO Modelling
e 2PCF + PS:

Template Definition
e Comparison With DESI

e Optimal Likelihood
Sampling

C. Oliveri (SISSA), A. Crespi

2PCF Measurements &

Numerical Covariances
J. Bel, A. Fiorilli, A. Pezzotta
M. Karcher (UniMi)

Optimal BAO Modelling
C. Oliveri (SISSA), A. Crespi

Power Spectrum
Measurements &
Numerical Covariances
C. Oliveri (SISSA), S. Radinovich

Contaminated Models

Parametrize the effect of
reconstruction on
contaminated
catalogues

E. Sarpa (SISSA), M. Karcher (UniMi)




Completed Work

o Post-reconstruction Power Spectrum Estimator

Design, Development, Testing: F. Rizzo (OATS, LE3), J. Salvalaggio (OATS), Y. Elkhashab (OATS), C.
Oliveri (SISSA), S. Radinovic, E. Sarpa (SISSA), E. Sefusatti (OATS)

O Observed ‘ Rec-Iso

2—12 2—15

e Accounts for 2 Randoms:
window sampling +
shifted random

(clustering information)

¢ Validated against FS1
results

dInoUIpRy °G SUHPaI)

e Successfully Applied to FS
and ELM

FOR ASTROPHYSICS
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Completed Work
© Power Spectrum Likelihood Analysis

Design, Development, Testing: C. Oliveri (SISSA), C. Moretti (OATS), E. Sarpa
(SISSA), J. Salvalaggio (OATS), Y. Elkhashab (OATS), E. Sefusatti (OATS)

A

Phvsical Parameters

o |

PPy
e\e

b

Broa/d Band

o e

TN E NI T AYAYAY AN AN A X,
900000 GIGOIGOIGIOGIIOEOGOPGOOG®

HOAIIO "DiSHPaID

000000000 OGPOGOPOGOEOGOOGOOG®EOGOBOGO®
coeoeeseNsNoeoness oo e
N X I Y EY IO

OO IO AW A IO =
000000 PINONOININNIN/
Q00O OONINOINON /\ /
00000 PNININI N\ /

0000 OONININON /
0000V PINININ /

N NN AYAY A Y,

T E X AN IKWAYAYZ

V0N ONON/\ /

S YW R YW IHOW ANV

Y I IO N

° ¢ INAF
S ’ ISTITUTO NAZIONALE
DI ASTROFISICA
NATIONAL INSTITUTE

¢ FoRAsTROPRYSICS 7° Meeting Nazionale Collaborazione Euclid Italia — Bologna 30 Giugno — 2 Luglio 2025

Agenzia Spaziale Italiana




Agenzia Spaziale Italiana

Completed Work
€© 2PCF Analysis on ELM

Reconstruction: E. Maragliano (UniGE), Measurements: M. Karcher (UniMi), A.
Pezzotta (UniMi), J. Bel, A. Fiorilli. Modelling: A. Crispi, M. Bonici (ex IASF)

¢ Group Growth:

Jan 2025, 2 Active members — Jun 2025, 16 Active members

© 8000 Measured post-red 2PCF:
Correct & Measured Galaxies to Study interlopers

® 2PCF Modeling with ML Emulators:
100 CPU/h -> 3 CPU/min

® Emcee, Nautilus, NUTS samplers

¢ Enables Mock Analysis (Applied to ELM)
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Completed Work

O Semi Analytical Covariances

Design, Development, Testing: A. Veropalumbo (UniGe), E. Sarpa (SISSA)

Modeled Vs True Error, Cosmology Dependence

Fiducial BeXiCov

1.20 1.20

¢ Observed Clustering Signal As input 15 * 1151

® Weak Cosmology Dependence

® Robust against Unknown Obs. Systematics
<5% Bias
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What's Next

J0|n|ng FO rces FOI‘ DR1 LE3, Spectroscopic Pipeline, Observational Systematics, Catalogues, GC4

Survey area

Science Working

Science Working
Group

Ground Segment ot

SPECTRA GC MOCK COSMOLOGY
SAIREEOEESSINS VALIDATION VALIDATION PRODUCTION FORECAST

- DR# Geometry with + Cosmological
constraints from

. Spectra - Contamination - Contamination CATALOG
Assessment From Assessment From expected

+ Images Spectra comparison Galaxy Clustering contamination Mocks

Model Contamination { Validate Mocks )

with ML Emulators

Cosmological Constrain
for the Selected Sample

r Provide feedback for \

improvement
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First Steps

© Reconstruction with Complex Geometry (see RR2)

Design, Development, Testing, Running: E. Sarpa (SISSA)

Observed @ Simulated
e Advanced Reconstruction

Algorithm:
Disconnected Patches, Masks,

Angular Systematics

® Strategy: Combine Observed
and Simulated Data
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® Goal: Mitigate Biases &
spurious effects

Under Validation
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First Steps

© Modeling the Effect of interlopers

Design, Development, Testing: E. Sarpa (SISSA), M. Karcher (UniMi)

Tsi
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Reconstructed Power For Different Sample Purity

N
w
o

N
o
o

=
w
o

=
o
o

w
o

o

Rs=0h"'Mpc
Rs =5h""Mpc
Ry =10h"*Mpc
—— Ry=15h"'Mpc
—— Rs=20h"'Mpc
=== Pin

\
\2 =1 Poos
N,

kPrec(K)/(1 = f,) (h=2Mpc?)

N
w
o

N
o
o

=
w
o

[
o
o

w
o

o

Under Development G

e oo e Observed

----:Target

—— Ry =0h"'Mpc
—— Rs=5h"Mpc

Rs =10h"Mpc
—— Ry =15h"'Mpc
—— Ry =20h"'Mpc

N
\ Pin

[ g [ ol N N
o w o w
o o o o

w
o

kPrec(K)/(1 = f,) (h=2Mpc?)

o

—— Rg=0h"'Mpc
Rs=5h""Mpc
Rs=10h"Mpc

—— Rs=15h"'Mpc

—— Ry=20h"Mpc

N =7 Pin

107!
k (hMpc~1)

(b) o =02

Rs =0h"*Mpc

Rs=5h"Mpc

Rs=10h"*Mpc

Rs=15h"'Mpc

Rs =20h"*Mpc
N === Pin

\: =1 Pops

107!
k (hMpc™1)

(d fo =06

kPrec(k)/(1 = f;) (h=2Mpc?)

N
w
o

N
o
o

=
w
o

=
o
o

w
o

o

Rs=0h""Mpc

Rs=5h"'Mpc

Rs=10h"'Mpc

Rs=15h"*Mpc

Rs=20h"'Mpc
S\ === P

\
\
=" Pops

- [ ol N N
w o w o w
o o o o o

kPrec(k)/(1 = f;) (h=2Mpc?)

o

107!
k (hMpc™1)

107!
k (hMpc1)

€ f,=08

® f =099

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




Target Analysis
Multi Scale BAO Analysis: RR#, RR# Mocks & DR1 Mocks

What can we achieve with DR1?

Coming Soon ... Before October
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