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Euclid (2023 - 2029+)

Satellite mission led by ESA, 
Launched July 1, 2023

Wide survey:
● 14,000 deg2

● VIS and NIR photometry
● slitless spectroscopy

Deep survey:
● 53 deg2

● 15 wide-like passes (red grism) 
● 25 with blue grism

Releases:
● Q1 (no cosmology) in March 2025
● DR1 to the EC in March 2026
● DR1 to the world in October 2026

Euclid Preparation, 
Scaramella et al. (2023)
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A dual wide-field imager

VIS NISP

FoV: 0.787 x 0.709 deg2

COSMOS

FoV: 0.74 x 0.74 deg2

1.2 m

24.5 m 
focal
Korsch
telescope

VIS
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BAO as a standard ruler

Normalized 
pair-counts for 
SDSS observed 

galaxies 

D
H

          
D

A

Acoustic waves move 
material in the early 

(<300,000 years) universe

Galaxies form concentrations of 
mass; we see the imprint of the 

acoustic waves in the galaxy 
distribution

The projected scale of the acoustic 
waves gives a standard ruler with 

which to measure the universe

https://www.sdss3.org/images/boss/xiDR11CMASSpostrec.pdf
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RSD in 2-point clustering

A
lam

 et al 2016 (B
O

S
S

)

ξ(rp,π) P(k,μ)

The measured pre-reconstruction correlation function (left) and power spectrum (middle) in the 
directions perpendicular and parallel to the line of sight



A
st

ro
ph

ys
ic

s 
of

 L
S

S
 -

 8
 S

ep
te

m
be

r 2
02

5,
 IF

P
U

, T
rie

st
e

Precision cosmology from probe combination

EC, Blanchard+ 2020



A
st

ro
ph

ys
ic

s 
of

 L
S

S
 -

 8
 S

ep
te

m
be

r 2
02

5,
 IF

P
U

, T
rie

st
e

Slitless spectroscopy

• All photons pass the grism (no slits or fibers)

• Emission line galaxies are main targets

• No targeting required

• Efficiency loss due to higher background

• Euclid is the first large-scale application of this technique

• Slitless spectroscopy is technically simpler (no fibers), but the 
resulting selection function is complex

• Low signal-to-noise needed to have a dense sample
-> high level of redshift interlopers 

Credits: B. Granett & e2e group

simulated

real

Hα + [NII]

[SII]

[OIII]

Hβ
[OII]

NGC1068
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Slitless spectroscopy
To limit confusion each field is observed 
with four dithers, with a K-shaped 
pattern in the orientation of the 
dispersion
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Slitless spectroscopy EC-Q1, Copin et al., arXiv:2503.15307
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Slitless spectroscopy EC-Q1, Copin et al., arXiv:2503.15307
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Purity and completeness
Due to the high background, the fraction of galaxies with a 
correct redshift is not expected to be very high.

In Q1 data the fraction of correct redshifts (purity) was still low, 
due to a large number of bad redshifts.

We expect:

● line interlopers: galaxies with a detected line that is 
misinterpreted as an Halpha line

● noise interlopers: galaxies without prominent lines, 
where a noise fluctuation or a detector feature not 
perfectly removed is interpreted as a line.

We aim at a purity of 80% for a sample with a galaxy density of  
at least 1700 deg-2 

EC-Q1, Le Brun et al., arXiv:2503.15308
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Flagship mock galaxy catalog
Simulation box of 3600 Mpc/h
160003 particles 
particle mass of 109 Msun/h
output on the past light cone to z=3
~1 000 000 node hours on 4000 node of Piz Daint, ~68 000 000 core hours
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Flagship mock galaxy catalog
Halos populated with galaxies using an HOD

The HOD was calibrated to reproduce:

● galaxy magnitudes in all Euclid bands, including 
external data

● sizes
● colors
● main emission lines, including Halpha

The mock was validated checking

● weak lensing
● galaxy clustering
● properties of galaxies in clusters
● all galaxy properties used by legacy science, including

○ metallicity
○ morphology

Clustering analysis from K. Pardede
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Flagship mock galaxy catalog
Halos populated with galaxies using an HOD

The HOD was calibrated to reproduce:

● galaxy magnitudes in all Euclid bands, including 
external data

● sizes
● colors
● main emission lines, including Halpha

The mock was validated checking

● weak lensing
● galaxy clustering
● properties of galaxies in clusters
● all galaxy properties used by legacy science, including

○ metallicity
○ morphology

Clustering analysis from K. Pardede
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How many mocks do we need?
Noise in the covariance matrix 
due to sampling with a finite 
number of mocks propagates to 
the parameter covariance 
(errorbars) as a function of:

● Nb, lenght of the data vector 
(number of bins),

● Np, number of parameters
● Ns, number of simulations 

(mocks)

In Euclid we first aimed at 3500 simulations, good for two cases:
● Nb = 600 with required 10% precision in the errorbar,
● Nb = 300 with required 5% precision in the errorbar.

Advanced techniques (tapering, eigenvalue decomposition, shrinkage, fitting a model for the CM,
denoising with ML...) weaken this constraint, so we aim at a minimum of 1000 simulations.
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v5.1 just released (ICSC/Spoke3)
Scaling up to 61443 particles using ~120 nodes
+ porting on GPUs (Lepinzan+ in prep)
+ displacing with Particle-Mesh...
+ Toward ML...

halo catalogs 
on the past light cone

merger trees

SAM (GAEA)
Cammelli+ 24`

substructure
Berner+ 22

Beyond LCDM

f(R) Moretti+ 20 cubic galileon
Song+ 21 nDGP Song+ 24

massive neutrinos
Rizzo+ 17
Adamek+ 23

Voids

Lensing

PINOCCHIO github.com/pigimonaco/Pinocchio

Giocoli+ 20
Castro, Lepinzan, 
Elkhashab in prep 

Lepinzan+
in prep

Euclid

https://github.com/pigimonaco/Pinocchio
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Mocks for numerical covariance

Pinocchio lightcones
Simulations performed with PINOCCHIO v5.0 (and v4.1.3):

● ⴷCDM cosmology similar to Flagship 1
● Mp=1.5⋅1010 M

☉
/h, smallest halo has 10 particles

● outputs at z=1, 0 + lightcone + histories
● periodic boxes available on request

GeppettoFC
● 3500 realizations
● 1200 Mpc/h box, 21603 particles
● lightcone (z<2): circle of radius 30 deg
● 200 core-h per run, 700,000 core-h
● 23 GB each (8 GB for the lightcone), total ~80 TB

EuclidLargeBox
● 1000 realizations
● 3380 Mpc/h box, 61443  particles
● lightcone (z<4): half of the sky (no MW)
● 4200 core-h per run, 4,200,000 core-h
● 220 GB each (80 GB for the lightcone), 

total 220 TB

CREDITS:
● computing time provided by INFN, CINECA 

(ISCRA-B), INAF (Pleiadi)
● post-processing time provided by SGS
● storage provided by SGS and INAF IA2 archives

https://adlibitum.oats.inaf.it/pierluigi.monaco/euclid_mocks.html

https://adlibitum.oats.inaf.it/pierluigi.monaco/euclid_mocks.html
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30-degree-cone galaxy mocks
30 degree cone (circle of 30o of radius) survey footprint
1 mock: 2763 deg2, larger than DR1 (~2000 deg2)
5 mocks: 13800 deg2, similar to DR3
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30-degree-cone galaxy mocks
30 degree cone (circle of 30o of radius) survey footprint
1 mock: 2763 deg2, larger than DR1 (~2000 deg2)
5 mocks: 13800 deg2, similar to DR3

Geppetto
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Calibrated on Flagship mock

HOD curves Ncen(Mh,z) and Nsat(Mh,z)

number density 
vs Flagship

galaxy power spectrum vs Flagship
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Numerical covariance
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Measuring the galaxy power spectrum

J. Salvalaggio, E. Sefusatti, A. Eggemeier, 
K. Pardede, F. Rizzo

With a survey geometry you are measuring the convolution 
of the galaxy power spectrum with a window function

survey
geometry

average
densityFKP

weights
See talk by Jacopo Salvalaggio
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Nuisance maps
tiling of the survey Milky Way extinction (simple) background noise

The random catalog 
represents angular systematics 
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No bias when the window is known
we use 50 mocks, averaging over 
groups of 5 - so we have 10 DR3-sized 
realizations

we use four redshift bins 
[0.9,1.1,1.3,1.5,1.8]

we fit the no-systematics case  with 
VDG model

using the same model, we convolve it 
with different window functions and 
compare it with measurements
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arXiv:2505.04688
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Line and noise interlopers

correct galaxies
~80%

line interlopers
~10%

noise interlopers
~10%

VIPERS survey, Guzzo et al.
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The role of interlopers

At this level of contamination a simple (1-ftot)
2 correction 

seems to be adequate

configuration space

BAO in Fourier space
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What do cosmologists care about galaxies?
Astrophysics is a nuisance to cosmologists!

Two approaches to take control of galaxy formation 
uncertainties:

● Effective Field Theory, where galaxy bias is 
expanded at a part of theory 

○ pro: no assumption on how galaxy formation 
behaves

○ con: many parameters to be fitted, and 
counterterms can go wild! => projection effects

● example: Velocity Difference Generator makes 
assumption on the behaviour of fingers of God, 
gaining much better stability at high k

EC: Monaco et al., in prep
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What do cosmologists care about galaxies?
Astrophysics is a nuisance to cosmologists!

Two approaches to take control of galaxy formation 
uncertainties:

● Effective Field Theory, where galaxy bias is 
expanded at a part of theory 

○ pro: no assumption on how galaxy formation 
behaves

○ con: many parameters to be fitted, and 
counterterms can go wild! => projection effects

● example: Velocity Difference Generator makes 
assumption on the behaviour of fingers of God, 
gaining much better stability at high k
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What do cosmologists care about galaxies?
Astrophysics is a nuisance to cosmologists!

Two approaches to take control of galaxy formation 
uncertainties:

● Halo Occupation Distribution, where the probability 
of having observed galaxies in the halo is assumed to 
be a function of halo mass and redshift

○ pro: simple approximation that can be used with 
N-body simulations

○ con: it neglects secondary bias, the 
dependence of galaxy properties on other halo 
properties (spin? environment?) and on its 
merger history (assembly bias)

EC: Monaco et al., in prep
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What do cosmologists care about galaxies?
Astrophysics is a nuisance to cosmologists!

Two approaches to take control of galaxy formation 
uncertainties:

● Halo Occupation Distribution, where the probability 
of having observed galaxies in the halo is assumed to 
be a function of halo mass and redshift

○ pro: simple approximation that can be used with 
N-body simulations

○ con: it neglects secondary bias, the 
dependence of galaxy properties on other halo 
properties (spin? environment?) and on its 
merger history (assembly bias)

Is it true that galaxy properties are a function of the galaxy 
merger tree + halo spin?
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What do astrophysicists care?
What can we learn on galaxy formation from 
cosmology?

● The method! can we have “precision 
galaxy formation”?

● Shouldn’t we add basic galaxy 
observables to our data vector 
when we fit for cosmology?

● Shouldn’t we use bias parameters as 
a further constraint to galaxy 
formation?

Tortorelli et al., talk in Sesto

an example of an astrophysics-aware SBI


