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The Euclid Mission

| AMedium-class ESA mission
Al1.2m mirror telescope

_ AOptical imager (R+1+2) (VIS)

B ANIRphotometer (Y, J, H) (NI$D
I ANIRspectrograptslitless(NISPS)
ALaunch July 20230rbit L2

B AMission duration 6 years

B ACosmology

AGalaxy Clustering
ACosmic shear

AGalaxy Clusters

ACosmic Voids

ACMBX

AStrong Lensing

= ALegacy Science
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Euclid payload: two instruments for twprobes
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Overview of the PLM sub-systems — Courtesy Airbus Defence and Space.



Relative Sizes of HST ACS Surveys
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Credit: Space Telescope Science Institute/Nick Scoville (i Ccz/tech)

VIS and NISP are both wide field imagers covering about
0.55 deg
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The spectroscopy resolution will be about 380, which will

. Euclid: dual widefield imager
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EuclidFoVcomparison
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€. TheEuclidsky
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The Euclid Wide Survey DR1 area maximizing the overlap 'tﬁ DES : North = 821 deg?, South = 1657 deg? [Mollweide Celestial]
id Wi i i . 2 i . 2
I Euclid Wide Survey region of interest : 17,354 deg Euclid DR1 area, 2023 : 2500 deg ? ‘ — @ esa

DES, griz, 2013-19 : 4500 deg? overlap with the region of interest 8 Euclid Deep Fields [total 43 deg?]
UNIONS [CFIS / JEDIS—g / Pan—STARRS / WISHES], ugriz, 2017—-27 : 4800 deg? Background image: Euclid Consortium / Planck Collaboration / A. Mellinger

Credits J-C.Cuillandreand the ECSURYV tea



. The Euclid survey In context
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The Euclid Launch

Date: July 1, 2023

Launch site: Cape Canaveral, Florida

Launch vehicle: SpaceX Falcon 9

Destination: Sun-Earth Lagrange Point 2,
1.5 million km from Earth

Arrival: late July




EARLY COMMISSIONING TEST IMAGE, VIS INSTRUMENT
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oo Early Release Observations:
the dazzling edge of darkness

galaxy IC 342

sehead




Euclid DataProductsfrom OUs

L1 Products L2 Products

Unpacked raw scien¢

data & telemetry | Stacked ﬁ S
Calibrated Frames

Mosaics

o

(A Object Positign
A Photometry
A Spectra

L3 Products

Weak Lensing Power
Spectrum

|$ Galaxy Clustering-Roint
Correlation Function

+ Legacy Science Products

A Photoz
Frames Catalogues| § gpeez
A —Eftipticities Scienceready data
. : A Shapes and Phota for ~18 galaxies
Euclid generates a series of data Data from external g °

products available to the community via ~ SYVeYs

the Euclid Archive SysterfEAS).

A Spectroscopic Redsh#for ~2x10’ galaxies




ot TheL CDM model fronPlanck

Planck Collaboration et al (2020): The best fit model has 6 parameters:

Q,h* =0.02237 (0.67%)
Q.h?=0.1200 (1%)

1.04092  (0.03%)
0.0544 (13.4%)
_. In (10'°4,) = 3.044 (0.46%)
ng=0.9649 (0.44%)
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. TheL CDM model from Planck &alaxysurveys

matter power spectrum

Planck Collaboration: The cosmological legacy of Planck
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Euclid Top Level Science Requirements

Dark Energy

Test of Gravity

* Measure the cosmic expansion history to better than 10%
in redshift bins 0.9 <z < 1.8.

+ Look for deviations from w, = — 1, indicating dynamical Dark energy.

» Euclid primary probes to give FoM,; > 400
( 1-sigma errors on w,, and w, of 0.02 and 0.1 respectively)

Measure the growth rate to better than 0.02 in redshift bins
between 0.9 <z < 1.8.

Measure the growth index, y, with a precision better than 0.02.
Separately constrain the two relativistic potentials. y and ¢-

Test the cosmological principle.

Dark Matter

Initial conditions

« Detect Dark matter halos on a mass scale 10® < MIM, < 105,

* Measure the Dark matter mass profiles on cluster and galactic scales.

» Measure the sum of neutrino masses with an accuracy of 0.03 eV.

» Constraint og and 1, to a 1-sigma accuracy of 0.01.

* For extended models, improve constraints on spectral indices
compared to Planck alone by a factor ~2.

» Measure non-Gaussianity: Afy; = + 2.

w DE equation of state: PFw with w(a) =w,, +w,(a,-a)
~ Wg :
~2% precision on

w Growth rate of structure formationf
w FOM=1/(Dwvyx Dig) > 404

EuclidRedbook2011




sk How to do this with Euclid

1 A ( )
Ground -based observations [Space -based observations with  Euclid ]

imaging ] [SIOGCUOSCOIOY | [VIS imaging ][NIR photometry ][ NIR spectroscopy ]
Photometry J) & ~

4 Additional : : A

Cosmic shear Galaxy clustering
probes
Cl S - -
usters, Sne, :
CMBX, SL, Galaxy _Evol [ Plkiz) ] Y,

|

Test of fundamental physics ] [Legacy Science ]

Simulations

CMB experiments




IS with Eucli
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An artist view of the Euclid Satellite — © ESA




= Euclid answers both questions

1. Measureexpansion historyH(z)to high accuracy, as to
detect percent variations of Dé&fjuation of staten(z)
with robust control of systematics. Achieve this through

A. Using the scale daryon Acoustic
Oscillations (BAOIN the clustering pattern
of galaxies as a standard ruler

B. Usinggalaxy shape distortionshduced by
Weak Gravitational Lensing

2. Measure at the same timie growth rate of st‘rﬁcture
from the same probegp detect modlflcatlons of

gravity:. |
A. Weak Lensing (WL) Tomograpﬁgl
B. Clusteringedshift-space distortiongRSD)

Eke & 2dFGRS 2003
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Baryon Acoustic Oscillations (BAO)

In the early universe prior to recombination, the free electrons couple the baryon
the photons through Compton interactions, so these three species move togethel
single fluid.

The primordial cosmological perturbations on small scales excite sound waves in
relativistic plasma, which results in the pressurduced oscillations and acoustic pe
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The memory of these baryon acoustic oscillatidB8@)still remain after the /
epoch ofrecombination in theCMB anisotropiesndthe galaxy distribution
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EuclidGCsp measuring the background expansi
via BAO at 10% precision

A BAOas astandard ruler

Guzzo & GGWG (2015)

A Sensitive to the expansion histar(z)and
angular diameter distance relatidp,(z)

Expansion historid(z)/(1+2)

> cs(2) |
rqg = dz = 147.49 + 0.59 Mpc
- H(2)
need of precise Dals) = - (% D)= (1+2)D.
(" redshifts . MO =T [ g D) = 44 9Da)
S Dir(2) = ¢/H()
H(Z) ‘ 1+ w(z)
r, = (1 _|_ Z)DA(Z)AO | H(:)—h.\/Q,,,(_l+z)9+Q_\'exp [3/0 T2 dz}
or=D,56 dr = (c/H)dz
g |+ s L (SDS$VveBOSH Transverse BA(D,
2" . Radial BAOD,
Observer 215 % tBoss L8

AcSal 408e2yR ¢ aosyl —" o
equation of state
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€.ck Redshift Space Distortions (RSD)

90 180
s
—— T

---------------------
-----
.t -

"y .
.....
------------------

----------------
""""""""""
»

Aa

.

« .

L . .
" . L] .
------------------------

Eke & 2dFGRS 2003
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r = Hpd s=r+uv” s=cz
Mock z space

RdFGRS

redshift
space

observed
distance

The galaxy correlation function
becomesanisotropic

OO0 O

Monopole Quadrupole ~ Hexadecapole 10

RSDs:1) theKaiser effectwhichflattensthe galaxy distribution and is caused by coherent motions of
galaxies falling inwards towards the cluster centre. The Kaiser effect is smaller and occurs on
scales tharFoGs

2) theFoG(fingersof-God) nonlinear effectvhichelongatesthe galaxy distribution along the
line-of-sight, caused by the Doppler shift due to random galaxy peculiar velocities within the ¢



e GCspmeasuring the structure growth
with RSD at 2% precision

Guzzo & GGWG (2015)

wRSDs probe the growth rate of structure

linear

B V| E(S) limit Zﬁ ﬁZ
obs — 4¢ + _(1 + c) —_— = — S
Zoby = 2o+ — (142 o TS

Growth RaleT (2]

FEuclid

B = f(2)/b(z) = Qu(z)"/b(2)
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WeakGravitationallLensing

A The statistics of shape correlations as a function of angular scale and redshift can be
directlyinfer the statistics of the density fluctuations and therefore cosmology.

Galaxies: Intrinsic galaxy shapes to measured image:

Adapted from
- g™ - n = Bridle et al 2011

it = R e e okl il el
A Thelensing kernel is most sensitive to structure halfway between the observettand
source But the kernel is broad: we do not need precise redshifts foistheces:
photometricredshifts are fine
A Also, sincehe kernel is broad the tomographic bins are very correlated
Cqsmic shear by large scale structure g g
: Ci; (€) =/ dr W5S(r )PM(S:; )’ )
e PRV ol /
matter “lenses” the light . s, e N
SES ol v v T
Measures a combination of geometry (Hz) and growth | medmn

A 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.



s Forecastsof Euclidscientific performance

mm GC
WL

WL + GG,
| WL + GG, + GGy + X

Flat cosmology

_ P[P

REFERENCE PAPER:
Euclid Consortium, arXiv:1910.092

- R B ax -
Sz =
P/P,

32036 0785 0815 085



