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The Euclid Mission

http:// www.euclid-ec.orgÅMedium-class ESA mission
Å1.2m mirror telescope
ÅOptical imager (R+I+Z) (VIS)
ÅNIR-photometer (Y, J, H) (NISP-P) 
ÅNIR-spectrograph slitless(NISP-S)
ÅLaunch July 2023, Orbit L2
ÅMission duration 6 years
ÅCosmology
ÅGalaxy Clustering
ÅCosmic shear
ÅGalaxy Clusters
ÅCosmic Voids
ÅCMBX
ÅStrong Lensing

ÅLegacy Science 



Euclid payload: two instruments for twoprobes

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 deg 2 FoV: 0.74 x 0.74 deg 2

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

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

±L{ Ƙŀǎ ос //5ǎ ǿƛǘƘ ǇƛȄŜƭ ǎƛȊŜ лΦмέΣ ŜƴŀōƭƛƴƎ ǘƘŜ ǿŜŀƪ 
lensing science.

bL{t Ƙŀǎ мс ŘŜǘŜŎǘƻǊǎ ǿƛǘƘ ǇƛȄŜƭ ǎƛȊŜ лΦоέΦ 
The spectroscopy resolution will be about 380, which will 
ōŜ ǿŜƭƭ ǎŀƳǇƭŜŘ ǿƛǘƘ моΦпέκǇƛȄŜƭΦ



Euclid FoVcomparison

Credits: YuzhengKang



The Euclidsky

Credits: J.-C. Cuillandreand the ECSURV team



The Euclid survey in context

Houet 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 Productsfrom OUs

L2 Products

Stacked 
FramesCalibrated 

Frames

Mosaics

Catalogues

ÅObject Position
ÅPhotometry
ÅSpectra
ÅPhoto-z
ÅSpec-z
ÅEllipticities

ÅShapes and Photo-z for ~109 galaxies

ÅSpectroscopic Redshiftsfor ~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%

L68%

n0.5%

The LCDM model from Planck

BAO in CMB temperature



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

BAO in the matter P(k)



EuclidRedbook2011

Euclid Top Level Science Requirements

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

ω Growth rate of structure formation:  f ~ Wg;   

ω FoM=1/(Dwax Dwp) > 400Ą ~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 approachto the dark sector

Weaklensing

GalaxyClustering



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 ŘƛŦŦŜǊŜƴǘƭȅ ǎŜƴǎƛǘƛǾŜ ǘƻ ǘƘŜ ʌ ŀƴŘ ʊ 

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 anisotropiesand the galaxy distribution.

Baryon Acoustic Oscillations (BAO)

CMB

Galaxies

primordial
plasma



Å BAOas a standard ruler

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

Å ¢Ŝǎǘ άōŜȅƻƴŘ ɽέ ǎŎŜƴŀǊƛƻΣ ƛΦŜΦ ŀƴ ŜǾƻƭǾƛƴƎ 
equation of state
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EuclidGCsp: 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 effectwhich 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 effectwhich elongatesthe  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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ωRSDs probe the growth rate of structure

ω¢Ŝǎǘ άōŜȅƻƴŘ 9ƛƴǎǘŜƛƴέ ǎŎŜƴŀǊƛƻ ŀǎ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ Dw

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

linear
limit

Guzzo & GC-SWG (2015)

Hou etal 2023

Observed anisotropicgalaxy power spectrum



Å 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

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

Measures a combination of geometry (Hz) and growth

ÅTo 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 GravitationalLensing
Å 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 



Forecastsof Euclidscientific performance

Flat cosmology

REFERENCE PAPER:
Euclid Consortium, arXiv:1910.09273


