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The Euclid Mission

http://www.euclid-ec.org• Medium-class ESA mission
• 1.2m mirror telescope
• Optical imager (R+I+Z) (VIS)
• NIR-photometer (Y, J, H) (NISP-P) 
• NIR-spectrograph slitless (NISP-S)
• Launch July 2023, Orbit L2
• Mission duration 6 years
• Cosmology

• Galaxy Clustering
• Cosmic shear
• Galaxy Clusters
• Cosmic Voids
• CMBX
• Strong Lensing

• Legacy Science 



Euclid payload: two instruments for two probes

VIS instrument

NISP instrument

Photo: courtesy ESA/TAS
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Euclid: dual wide-field imager

VIS NISP

COSMOS

FoV: 0.787 x 0.709 deg2 FoV: 0.74 x 0.74 deg2

*Blue grism is exposed on Deep fields onlyCredits: B. Granett

VIS and NISP are both wide field imagers covering about 
0.55 deg2

VIS has 36 CCDs with pixel size 0.1”, enabling the weak 
lensing science.

NISP has 16 detectors with pixel size 0.3”. 
The spectroscopy resolution will be about 380, which will 
be well sampled with 13.4”/pixel.



Euclid FoV comparison

Credits: Yuzheng Kang



The Euclid sky

Credits: J.-C. Cuillandre and the ECSURV team



The Euclid survey in context

Hou et al. 2023



The Euclid Launch



Euclid early commissioning test images



Early Release Observations:

the dazzling edge of darkness

The Horsehead Nebula Globular cluster NGC 6397

Irregular galaxy NGC 6822

Spiral galaxy IC 342

The Perseus Cluster of galaxies



Euclid Data Products from OUs

L2 Products

Stacked 
FramesCalibrated 

Frames

Mosaics

Catalogues

• Object Position
• Photometry
• Spectra
• Photo-z
• Spec-z
• Ellipticities

• Shapes and Photo-z for ~109 galaxies

• Spectroscopic Redshifts for ~2x107 galaxies

Data from external 
surveys

Euclid generates a series of data 
products available to the community via 
the Euclid Archive System (EAS).

L1 Products

Unpacked raw science 
data & telemetry

L3 Products

Science-ready data

Weak Lensing Power 
Spectrum

Galaxy Clustering 2-point 
Correlation Function

+ Legacy Science Products



CDM 26.5%

 68%

 0.5%

The CDM model from Planck

BAO in CMB temperature



The CDM model from Planck & galaxy-surveys:
matter power spectrum

BAO in the matter P(k)



Euclid Redbook 2011

Euclid Top Level Science Requirements

• DE equation of state:  P/r = w with w(a) = wp + wa(ap-a) 

• Growth rate of structure formation:  f ~ W g ;   

• FoM=1/(Dwa x Dwp) > 400 ~2% precision on wp



How to do this with Euclid

VIS imaging NIR photometry NIR spectroscopy

Space-based observations with EuclidGround-based observations

imaging
Spectroscopy
Photometry

Additional
probes

Cosmic shear

P(k;z)

Galaxy clustering

Legacy ScienceTest of fundamental physics
Simulations

CMB experiments

Clusters, Sne,
CMBX, SL, Galaxy Evol



How to do this with Euclid: 
double approach to the dark sector

Weak lensing

Galaxy Clustering



real spaceredshift space

Eke & 2dFGRS 2003

1. Measure expansion history H(z) to high accuracy, as to 
detect percent variations of DE equation of state w(z) 
with robust control of systematics. Achieve this through

A. Using the scale of Baryon Acoustic 
Oscillations (BAO) in the clustering pattern
of galaxies as a standard ruler

B. Using galaxy shape distortions induced by 
Weak Gravitational Lensing

2. Measure at the same time the growth rate of structure
from the same probes, to detect modifications of 
gravity:

A. Weak Lensing (WL) Tomography

B. Clustering redshift-space distortions (RSD)

A & B These two are differently sensitive to the Ψ and Φ 

Euclid answers both questions



In the early universe prior to recombination, the free  electrons couple the baryons to 
the photons through Compton interactions, so these three species move together as a 
single fluid. 

The primordial cosmological perturbations on small scales excite sound waves in this 
relativistic plasma, which results in the pressure-induced oscillations and acoustic peak.

The memory of these baryon acoustic oscillations (BAO) still remain after the 
epoch of recombination in the CMB anisotropies and the galaxy distribution.

Baryon Acoustic Oscillations (BAO)

CMB

Galaxies

primordial
plasma



• BAO as a standard ruler

• Sensitive to the expansion history H(z) and 
angular diameter distance relation DA(z)

• Test “beyond Λ” scenario, i.e. an evolving 
equation of state
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Euclid GCsp: measuring the background expansion 
via BAO at 10% precision

Guzzo & GC-SWG (2015)

Alam+2020
(SDSS-IV eBOSS) Transverse BAO: DA

Radial BAO: DH

need of precise 
redshifts



real space

Growth rate produces peculiar velocities, 
which combine with the cosmological 

Hubble flow in measured redshifts

redshift 
space

Eke & 2dFGRS 2003

The galaxy correlation function 
becomes anisotropic

RSDs: 1) the Kaiser effect which flattens the galaxy distribution and is caused by coherent motions of
galaxies falling inwards towards the cluster centre. The Kaiser effect is smaller and occurs on larger
scales than FoGs.

2) the FoG (fingers-of-God) nonlinear effect which elongates the  galaxy distribution along the

line-of-sight, caused by the Doppler shift due to random galaxy peculiar velocities within the cluster

Redshift Space Distortions (RSD)

observed
distance
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• RSDs probe the growth rate of structure

• Test “beyond Einstein” scenario as alternative to GR

GCsp: measuring the structure growth 
with RSD at 2% precision

linear
limit

Guzzo & GC-SWG (2015)

Hou etal 2023

Observed anisotropic galaxy power spectrum



• The lensing kernel is most sensitive to structure halfway between the observer and the 
source. But the kernel is broad: we do not need precise redshifts for the sources: 
photometric redshifts are fine

• Also, since the kernel is broad the tomographic bins are very correlated

Measures a combination of geometry (Hz) and growth

• To achieve the science goals we need to measure the matter distribution as a function of redshift:
weak lensing tomography requires redshifts for the sources.

Weak Gravitational Lensing
• The statistics of shape correlations as a function of angular scale and redshift can be used to 

directly infer the statistics of the density fluctuations and therefore cosmology.

Adapted from 
Bridle et al 2011 



Forecasts of Euclid scientific performance

Flat cosmology

REFERENCE PAPER:
Euclid Consortium, arXiv:1910.09273



Probe combination is key to high
precision and accuracy

REFERENCE PAPER: Euclid Consortium, arXiv:1910.09273

Flat cosmology



Nonlinear matter P(k) suppression due to 
free-streaming massive neutrinos

Nonlinear matter P(k) suppression due to the 
number of relativistic species

Archidiacono et al. in prep

Constraining neutrinos with Euclid
(pre-launch KP under internal EC review)

PRELIMINARY



Archidiacono et al. in prep

Constraining neutrinos with Euclid
(pre-launch KP under internal EC review)

PRELIMINARY

Flat cosmology



Constraining neutrinos with Euclid
(pre-launch KP under internal EC review)

PRELIMINARY

Assuming that the true value of the neutrino mass sum is the minimum allowed 
by neutrino oscillation experiments in normal ordering, the combination 

Euclid+CMB-S4+LiteBIRD will rule out the inverted ordering at more than 3

Archidiacono et al. in prep
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The Role of simulations
The Flagship galaxy mock: end2end pipeline

Credits: P. Fosalba & the CoS-SWG

One octant of the sky



• L-CDM + Planck 2013 cosmology

• 2 Trillion particles N body simulation 
down to z=0

D. Potter, J. Stadel, R. Teyssier

Full-scale mock: Euclid Flagship simulation

Swiss supercomputer centre: Piz Daint

Code: pkdgrav3

Sim box: L=3.7 h-1Gpc

Npart=2 trillion  Mp=2.4 109 Msun



10 Gyrs
The Galaxy Era

Credits: J. Stadel



8 Gyrs
The Galaxy Era

Credits: J. Stadel



6 Gyrs
The Galaxy Cluster Era

Credits: J. Stadel



4 Gyrs
The Galaxy Cluster Era

Credits: J. Stadel



2 Gyrs
The Void Era

Credits: J. Stadel



Euclid Flagship Simulation 1: 
mock galaxy lightcones

Credits: P. Fosalba



Credits J. Stadel

Flagship 2 WIDE
mock galaxy catalog

● WIDE
4.1 trillion dark matter (DM) particles
DM particle mass = 109 Msun/h 
LBOX = 3600 Mpc/h

● DEEP
0.9 trillion DM particles
DM particle mass = 108 Msun/h
LBOX = 1000 Mpc/h

Doug Potter    Joachim Stadel    Romain Teyssier



Effects of light neutrinos, photon anisotropies and GR corrections linearly included (Tram et 
al. 2018) via the realisation of these perturbation fields on a grid, obtained via CLASS and 
added to the ordinary matter potential grid, in the so-called Nbody gauge (Fidler et al. 2016).

IC are generated at z=200 (1LPT) as well as all the background quantities (H(a), a(t), W(a)…)

Agreement with CLASS on linear scales at 0.1% Credits: J. Stadel
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Euclid additional science:
beyond the primary probes

• 105 galaxy clusters (Sartoris+16)

• Cosmic Voids

• Cross-correlations with CMB

temperature and lensing

• 105 strong gravitational lenses

• Transients in Deep fields

– ~50 Super-luminous SNe / year (Inserra+17)

• Galaxy formation and evolution

– Census of AGN at 1 < z < 3

– Galaxy morphologies at z > 1

– Lyman break galaxies at z > 7

– High-z quasars

• Milky Way

– Census of brown dwarf stars

– Satellites & environs
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B. Sartoris Costanzi,BS+13, Sartoris+16

Clusters are 
conceptually and 
observationally 
independent of 
geometrical probes.

Impact of the 
observable-mass 
relation uncertainties: 
Euclid will internally 
calibrate the scaling
relations

Impact of high redshit 
clusters: Euclid
will see clusters at 
z>1.5.
Adding clusters with 
1.2<z<2 double the 
cluster number 
counts FoM

Credits: L. Moscardini

Euclid Galaxy Cluster Science



Cosmic voids!
Parameter inference from photo&spectro voids

Bonici & EC 2022 Contarini & EC 2021



Euclid cross Planck

Pre-Launch KP: Complementary to forecasts for primary probes
Publication: Ilic & the Euclid Consortium 2021, A&A, arXiv:2106.08346

Key figures:
● 3 LSS probes: GCph, GCsp, WL
● 3 CMB probes: T, E, ɸ

● 6 cosmological models (incl. w0/wa, Ωk, 𝛾)
● 2 Euclid scenarii (pessimistic/optimistic)
● 3 CMB setups (Planck-like, SO, CMB-S4)
● 2 scientific cases:

○ Euclid + CMB ɸ (all “matter probes”)
○ Euclid + full CMB

Pessimistic Euclid + SO

Euclid only
Euclid + CMB ɸ 
Euclid + full CMB 

w0wa FoM including CMBX  >1100

Credits: C. Baccigalupi



SLACS

With Euclid VIS: ~3300 such lenses in two months!

In the full Wide survey (60 months):

• 200,000 strong lenses around early-type galaxies;
• 2300 lensed QSOs, of which ~16% quadruple lenses
• 9000 cluster arcs with l/w>5 (~1300 with l/w>10)

(Euclid Strong Lensing SWG white paper, based on ray-tracing simulations, Boldrin et al. 2016)



Euclid Data Releases Timeline




