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Timeline of the Universe Suclid

slowing equns_l'on.

Big Bang

Cosmic Microwave first stars and the peak of star and
Background (Planck) galaxies form galaxy formation: cosmic noon today
300 000 years  ~200 million years ~2 billion years 13.7 billion years time

Credit: ESA/ATG 4
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ACDM model - parameters

13.7 billion years

H0 Qm Qb Qm 08 ns
Current Matter density Baryon density =~ Dark Energy “Clumpiness”  Scale index of
expansion rate density initial density
fluctuations
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ACDM model - composition

stars in galaxies
7%

cold gas in galaxies

18%

hot gas in galaxies
5%

hot gas in galaxy
) clusters
4%

ordinary matter
5%

dar%i matter
25%

dark energy
70%

warm
intergalattic gas
15%

Credit: ESA
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ACDM model - composition

stars in galaxies
7%

cold gas in galaxies

18%

hot gas in galaxies

5%

hot gas in galax

) clusters
4%

_‘_:ha'ﬁ,‘nm,ﬂiaiﬁf

e =i0%
Y coolintergatactic gas
28%

dar&i matter
25%
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./'/ warm
~, o/~ Intergalattic gas
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dark energy

70%
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Credit: ESA
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The nature of the main ingredients
remain great mysteries

Our theories of particle physics
and/or gravity are either incomplete
or incorrect

Strategy: Improve the precision of
the measurements to distinguish
between different theoretical models
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Main objectives

ESA/SRE(2011)12
July 2011

W Dynamical nature of dark ener
Euclid ! =

Mapping the geometry
of the dark Universe

Test gravity models

Explore the nature of the dark matter particle

Constraint the seeds of cosmic structure

Definition Study Report
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Credit: ESA Euclid Definition Study report 8



- . - euclic]
Main objectives
ESA/SRE(2011)12
July 2011
( N
Reach a dark energy FoM > 400 using only
EI.IClid Euclid primary probes
" y,

Mapping the geometry
of the dark Universe r N\
AR Measure the exponent of the growth factor with
10 precision < 0.02

e .

J

7 N\
Measure the sum of the neutrino masses with 1o

precision < 0.03 eV
L J

( N\
Constrain the spectral index and measure
non-Gaussianity of the initial conditions

WL 7A7AR
Pk =/ AW

Definition Study Report . J
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Credit: ESA Euclid Definition Study report 9



Two primary probes of the large scale ieuc]id
structure

Galaxy clustering Cosmic shear

Credit: Springel+ (2005) (Background) ESA/ATG medialab (spacecraft)
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Two primary probes of the large scale ieuc]id
structure

Spectroscopic

Galaxy clustering

\\@QO \Q \6‘ o RPN g
$ Sthotert+ (2018) z 33 0.35
P @ Euclid
e @ DESIELG
o 2 10 @ DESIBGS  @DESIQSO
A =
[}
i k3 @ DESI LRG
T = . .
7 2 BAOs — expansion history—
i 6 | @BOss
Ul'l § 1o o SDSS main sample HO and W(Z)
5 WiggleZ @ ¢BOSS QSO
3 @ 24FGRS @ @ ¢BOSS LRG
£ 105
S o grn RSD — growth of structure—f (z)
S @ sDSS LRG g
oy - - : ‘
Q@ 107 1 10' 10? 10° 11
~ Credit: Mellier+ (2025) Comoving volume [A~3Gpc®]



Two primary probes of the large scale ieuclid
structure

Photometric
Galaxy clustering

0(z) < 0.05 (1 + 2)

Sthotert+ (2018)

§ Credit: Springel+ (2005) (Background) ESA/ATG medialab 10

O (spacecraft) — m — N — njo
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i np ny nii

c% PR - n3 - ng ni2

o \N: — m — ny ni3
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i 2D angular distribution in ~

3 - - 2 :
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5 | .
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oy

é’ Credit: Mellier+ (2025) ¢ 12



Two primary probes of the large scale euchd
structure

Cosmic shear

Galaxy shapes trace the L.O.S. mass distribution

[EPT S 3 | o I XL (o e X

Galaxies: Intrinsic galaxy shapes to measured image:

P e, iy TS
e - P T e

k:% N f\“\ *-*n» h

A

Intrinsic galaxy Gravi I lensing p and telescope  Detectors measure Image also Credit: CaStander, Fosalba+ (2025)

(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise

Credit: Bridley+ (2009)

13

LO
Al
o
[Q\]
o
LLI
T
%)
n
LL
C
ke
N
@
=
XS
S
i
(0]
e
'_



Two primary probes of the large scale ieuc]id
structure

Measure galaxy positions Measure galaxy shapes

See William d’Assignies
Credit: Springel+ (2005) (Background) ESA/ATG medialab (spacecraft) talk for further details!
14
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Spacecraft & Instruments

15



euclic]
4.7m tall
3.7m total diameter
LL 1.2m diameter main mirror

2 tonnes | s

Spacecraft

Sunshield

Solar
panels
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L‘é VIS and NISP
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VIS

Design to measure galaxy shapes with high

precision
e No moving parts
e One bandpass filter (covering r+i+z)
e 0.57 deg? and pixel size 0.1 arcsec
= e 1 He | ____ Atmosphere U:J JWST NIRCam FO70W, FO90W, F115W, F150W, F200W
1.04|=3 ve —— BGe PWV=1mm
e —— RGe --- GaiaG
= 0.8
é 0.6
5o
0.2 1
o 0.4 0.5 06 07 08 09 10 1.1 12 1314 16 18 20 22

Wavelength A [um]

euclid

17



NISP (Near Infrared Spectrometer and V...
Photometer)

Design to measure galaxy LOS distances and
velocities

e Imaging + Slitless spectroscopy

e 3imaging bands (YJH) and 2 grism
bandpasses

e 0.57 deg? and pixel size 0.3 arcsec

=3 I 3 He Atmosphere ‘ [l:l JWST NIRCam FO70W, FO90W, F115W, F150W, F200W
Te) 10{/[=3 ve — BGe PWY:lmm
8 — RGg| |-—- GaiaG |
(a\}
o . 08 — B
iy = B
T B 43 L e
» B L A
n o = . o
m ¢ credit: M.Scodeggio
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1%}
R%}
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= 0.0 T y T T T T Yo e e e—o—pe—a
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The Euclid mission - EPS HEP 2025

Octant of the sky in the
light-cone up to redshift 3

Credit: Jorge Carretero & Pau Tallada

Performed using PKDGRAV3
(Potter & Staddel. 2016) at the
Piz Daint supercomputer at
the Swiss National
Supercomputing Centre

-
€ouclid

Simulation box: 3600
Mpc/h.
Particle mass = 10°
Mo/h

Q_=0.319
Q, = 0.049
Q, +Q =0.681
A, =21x107
n_=0.96, h = 0.67

1.5x10° haloes




The Euclid mission - EPS HEP 2025
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HOD and AM approach
calibrated to follow the
observed clustering of the
galaxies at low redshift

Octant of the sky in the BN
light-cone up to redshift 3 %

Credit: Jorge Carretero & Pau Tallada \ ’

Qeuclid

3.4x10° galaxies

Includes several
properties:
position, velocities,
fluxes, intrinsic
shapes,
morphological
parameters, stellar
properties, lensing
effects, photometric
redshifts and more...

Euclid Collaboration:
Castander & Fosalba et
al. (2024)
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The Euclid mission - EPS HEP 2025

et pa ot A Publicly available euclid
Flagship 2 Simulation . EEEEERE
SRt e S e SR S month in
S Gl e S S A et % CosmoHub :) 3.4x10° galaxies
: ;  ; b Includes several

properties:
position, velocities,
fluxes, intrinsic

shapes,
morphological
parameters, stellar
properties, lensing
effects, photometric
redshifts and more...

HOD and AM approach
calibrated to follow the _ _
observed clustering of the [l

- . Castander & Fosalba et
galaxies at low redshift al. (2024)

Credit: Jorge Carretero & Pau Tallada k ) 22

Octant of the sky in the
light-cone up to redshift 3




The Euclid mission - EPS HEP 2025

VIS simulated view

Credit: Mellier+ (2025)
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FS2 cosmological constraints

N 3x2point

I 2x2, NonLinear bias: kmax = 0.5

\\ f
] [ 3x2, Nonlinear bias: kpax = 0.5

Configuration space

Harmonic space

Prediction for DR1:
u,. o = 3x2pt analysis using
‘ FS2 galaxy mock
RS e, catalogue
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Credit: Zahra Baghkhani+ (in preparation) Credit: Sylvain Gouyou-Beauchamps+ (in preparation)
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Survey and releases
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The Euclid mission - EPS HEP 2025

Launch
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Euclid launched on a Falcon 9, SpaceX, on 1st July 2023, from Cape Canaveral. Credit: ESA
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Euclid Survey

WIDE: 14,000 sq.deg —— o d

DEEP: 50 sq.deg nominal survey:

EDF*North RCCODSSN 60

Dec. (2000)

Ground base obs R.A. (2000) Yearl Year2 Year3 Yeard Years5 Years
DES, UNIONS, LSST
DES — to — UNIONS / LSST
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Data releases

Credit: ESA

euclid

1
| Commissioning Nominal Survey Operations Mission Extension
: 3 months 6 years (optional)
1 Early Survey
1 Operations
1 6 months
|
|
]l
|
|
I
i TO Q1 DR1 Q2 DR2 Q3 Q4 DR3
: Start T1=TO+14 Tl+lyr T1+2 yrs T1+3 yrs T1+4 yrs T1+5yrs T1+6 yrs
i Nominal months
1 survey
1 End of Nominal
Mission
Launch
0 2 4 6 years after launch 8

29



euclid
Data releases

1
| Commissioning Nominal Survey Operations Mission Extension
: 3 months 6 years (optional)
1 Early Survey YOU ARE
1 Operations HERE
1 6 months
|
|
1
|
|
o I
§ j TO Q1 DR1 Q2 DR2 Q3 Q4 DR3
a : Start T1=TO+14 Tl+lyr T1+2 yrs T1+3 yrs T1+4 yrs T1+5yrs T1+6 yrs
T i Nominal months
& 1 survey
L 1 End of Nominal
: Mission
S Launch
D
S
5 I I I | I
O
D 0 2 < 6 years after launch 8
é) Credit: ESA 30



i Cocld

First data (Q1)
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This is a single Hubble
pointing at the same scale.



Strong lenses in Q1

102 ¢

.

euclic]

497 galaxy-galaxy strong lenses catalogue .HiT COSMOS e L
) N\ il 61.\ Euclid Wide
Einstein radii range [drcsec] o0 107 k. N\ ® N Euclid D"Bl. DN :
0.4-0.9 0.9-14 {4-1. 1.9-2.4 S N\ L %
s “_CFHTLS N
) = \ N ' \.\ \\
vT )] AN\ \ N\ W
& 5 100F WSC N _
2~ ) gl - 26\ N ® N :
g “— \\ \\ N \ \"\,
-9 o \ \ \\.' \\ "\,\
S 2 N EBS bes N
< MER B o ! N\ .
g V- = 1y e e N N DESI LS
o e N UNIONS @
& < N “PanSTARRS|
Lll'l i 10— PRPIE | PRPINY PRSI, KPR 1) . ¥
5 - 100 10! 102 103 10
[%) 2
= Credit: Walmsley+ (2025) Area (deg”)
S Credit: Rojas+ (2025)
&
£ 34



Lo
Al
o
[Q\]
o
LLI
T
%)
n
LL
C
ke

N
@

=
XS
S
i

(0]
e
'_

Dec

pix]

Y SIR[

Spectroscopic from Q1

64°44'45"

17"55M385 365

34°

Credit: Copin+ (2025)

32°

17hsamnQs

Reference wavelength

300
X_SIR [pix]

Bitmask

o N » O

100 200 300
Signal [ADU]

0

-100

euclid

Pixel

(? 1(?0 2(?0 390 490 ‘S(I)O )
AFX o] 4
cok
HI 3
g:;'-:—-"——w-- - a slidn ts aala ol 0.2 B0

1200 1300 1400 1500 1600 1700 1800 1900 :

Wavelength [nm]

Galaxy at z = 1.63

Spectra obtained by the combination of

four single-dither extracted spectra

35
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Thanks on behalf of the Euclid consortium

More than 3120 registered scientists ? ‘
Coclid

15 European countries + USA + Canada + Japon

Euclid Consortium meeting in Leiden, March 2025
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Summary

Euclid launched on July 1st 2023, operates from L2, and is currently
surveying 10 deg? per day

Euclid aims to unveil the nature of Dark Matter and Dark Energy by using
weak gravitational lensing and galaxy clustering

The goal is to map one third of the sky (14000 deg?), first data release
after one year of operations (2000 deg?, end 2026)

By designing a space-based instrument for probing the dark Universe,
Euclid is offering amazing new insights into the bright Universe
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