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Introduction

e | am aresearcher at INAF (Merate)

e My work focuses on observational cosmology
with galaxy surveys.

o VIPERS (VIMOS Public Extragalactic Redshift Survey)

o ESA Euclid space telescope mission

e Previously | analysed cosmic microwave background
maps.

e | am also interested in computation and data science.



http://vipers.inaf.it/
https://sci.esa.int/web/euclid
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The Euclid mission

e FEuclid is a space telescope that will
orbit L2.
e Two instruments will do imaging and
spectroscopy.
o Visible camera (VIS) | ) ’l ’L | '

o Near Infrared Spectrometer and Photometer T T TrTT
(N ISP) Wavelength A [A]

e Two surveys: Wide (15000 sqr deg)
and Deep (40 sqr deq)

o (4
@ 3

VIS (r-l:i+z) Y ' J ' H

e

o
o

e i Y
B_e_élrgﬂsm |
e Swm—

2 |
-
|
|
1
1
i
i

Viitan. OO i
| Blue grism
Wi P

Total sensitivity [e-/photon] EOL
o o
) S

[

o




Euclid cosmological probes
Euclid will measure the effects of dark energy, dark matter and gravity with two
complementary observables:

e the expansion history of the Universe,
e and the history of structure formation.

The expansion history will be measured by multiple techniques: the BAO scale
measured with galaxy clustering, and weak gravitational lensing.

The history of structure formation will be measured by redshift-space distortions in
galaxy clustering, weak gravitational lensing and the galaxy cluster mass function.

Complementary measurements will give a high control on systematic errors.



Euclid legacy science in numbers

What

Galaxies at 1<z<3 with good
mass estimates and morph.

Massive galaxies (1<z<3) w/
spectra

Ha emitters/metal
abundance at z~1-2

Galaxies in massive clusters
at z>1

Type 2 AGN (0.7<z<?2)

Galaxy mergers

Strongly lensed galaxy-scale
lenses

z>8QS0s

Euclid

~2x108
~few x 108
~4x107/104
~(2-4)x104

~104
~105-few x 106

~300,000

~30

The unprecedented near-infrared
imaging and spectroscopic survey of
5 sky will be the reference catalog
for the next decades.

From Brinchmann 2018



Payload module (PLM)

VIS electronics radiator

VIS focal plane inside hood

VIS shutter NISP Opto-mechanical
Assembly
Fold Mirror 1
Tertiary Mirror
Fold Mirror 3 NISP radiator
Fold Mirror 2
VIS Calibration Unit

Dichroic

i Telescope (facing downwards)
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Euclid NISP instrument

Slides courtesy William Gillard
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=
eds OVERVIEW OF THE NISP INSTRUMENT

ColA (Corrector lens
Assembly)

RGS000

RGS270 Slitless Spectrometer:

RGS180

RGS 0°,180°,270° 1250-1850 nm
' BGS 0° 920-1250 nm
). Al ,)d\o Photometer:
; - pen
peseee 1&" “ FW-Y 950 - 1192 nm
GWA (Grism Wheel Assembly)
FW-J 1192 - 1544 nm

FW-H 1544 - 2000 nm

CalA (Camera lens
Assembly)

Open

Close

FWA (Filter Wheel Assembly)



THE NEAR INFRARED FOCAL PLANE O ek

Focal plane comprises 16 near-IR detectors called SCS (Sensor Chip Sys.)

SCA: Seﬁsor Chip Acray - CFC Flex

s N, |

—

1 SCA = Array of 2kx2k pixels of 18 pm each = 0.3" / pix

1 Slngle NISP
detector FoV

HSTFoV

.D

field-of-view of e
0.53°x0.53°

\> Few thousands of galaxies in a single pointing



NISP GRISMS QD .l
4 Grism :

BGSO00 )

920 -1350 nm

RGS000 \
1250-1850nm ( © H.line between0.4<2< 1.8

R ® Oy line between 0.8 <z< 2.7
NISP FM Grism RGS]M
1250-1850 nm J

Spectrometric redshift measurement for :

* The Grating : disperse light and provide
image spectra

e The Prism : compensate for the light
deviation induced by the grating
allowing to images spectrum onto the
NISP focal plane.

* The Filter : select bandpass — convex
__/v surface to focalise light onto the
detectors




NISP pointing based on Flagship

Euclid OU-SIM ) )
Simulation

Field X1:NIP YGH

Serrano, Hudelot & OU-SIM



Euclid OU-SIM Corresponding NISP spectroscopic frame
Field X1: NIP YGH s



Euclid NISP redshift survey

e Euclid will measure galaxy redshifts
from emission lines detected in slitless
spectroscopy

e Primarily emission line Halpha in
0.9<z<1.8

Bianca Garilli

Line Visibilities: Red Grism

1.25 < UM < 1.85 | s [0l1] 3727
e [NelIl] 3869
Hp 4861
[O11l] 4959
[O11] 5007
[NII] 6548
Ha 6563
NII] 6583
Esu]] 6716 5
[SI] 6731 2
[SII] 9069 3
[Sin] 9532 Stronger Lines | <
= Pap 12818 . Secondary Lines | (9
0 1 2 3 4 5

Redshift, z



Euclid

Final assembly at
Thales in Cannes.

ThalesAlenia




e ESA's Euclid mission @ESA Euclid - 14 apr i . .
@ While @ESA JUICE is waiting at @EuropeSpacePort for good sky to fly https://twitter.com/ESA_Euclid
today to space, @ESA_Euclid after road transport from Cannes (France) to
Savona (Italy) is now ready to sail to Cape Canaveral in a dedicated
container on the #MNColibri ship.

= ESA's Euclid mission @ESA Euclid - 15 apr
@ Bon voyage @ESA Euclid !
. Thales Alenia Space % @Thales Alenia S - 15 apr
..and so it begins, @ESA Euclid boat trip towards the launch base o ey
£ - 2 £ « ESA'sEuclid mission @
113 Tweet

= ESA's Euclid mission @ESA Euclid - 18h
@ I have been spotted escorted in Florida today !

Stay tuned for the next updates . @. #spaceforlife

(®) Julia Bergeron @julia bergeron - 20h

Welcome to the Space Coast Euclid! Transport from Port Canaveral is
underway for final processing before launch. What a treat it was to
catch it being escorted on US-1.

3 1 s0 127 | 17782 L) ;
@) Q ih "® Me for @NASASpaceflight

14 April

Q) Tl 33 QO 123 il 14.083 &

_ 15 April
Euclid travels from Cannes to Savona

to Florida's Cape Canaveral INCENCERTE
1 May

19


https://twitter.com/ESA_Euclid

Euclid will launch on a
Falcon 9 rocket in July

20



Now, get ready for the data flood!

1700

But, how do we
get cosmology
out?

2000 2100 2 2300
Comoving distance [Mpc/h)

1
WwOEYZ0

WwSTYzZo




2. Standard model of cosmology

e The flat lambda cold dark matter ( ) model is established as the
standard model in cosmology.

e The dynamics of the Universe on large scales are governed by general
relativity.

e Observational evidence indicates that the geometry is flat.

e Separations are measured with the Friedmann-Lemaitre-Robertson-Walker

metric
ds® = a(t)? (dz® + dy® + dz?) — c*dt?

e The scale factor a(t) characterises the expansion of the Universe
a=1 today, a<7 in the past.

22



Components of the Universe

e The Universe is made up of:

(@)

o O O O

74.0%

Dark Energy

baryons ~4.56% of total energy density ¥ 0.4% Stars, Etc.
phOtOﬂS ~000498% ——— 3ig:/;)rgalactic Gas
neutrinos ~0.00339%

dark matter ~22.7%

22.0%

https://commons.wikimedia.org/wiki/File:UniverseComposition.svg

dark energy ~72.8%
(Planck 2018 paper, https://www.cosmos.esa.int/web/planck/publications)

e Dark matter and dark energy are modeled as fluids.

@)

We can measure the equations of state but their physical identities are unknown.

23
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Proton Helium
Photon ticlous CMB radiation
Helium

atom

Neutron

Electron Hydrogen

Thermal history

Firststars Early Modern
galaxies galaxies

Hu, White, Scientific American
http://background.uchicago.edu/~whu/Papers/HuWhi04.pdf



http://background.uchicago.edu/~whu/Papers/HuWhi04.pdf

Thermal history

e The temperature of black body radiation cools as T~1/a
therefore, the Universe was hotter in the past.

e Extrapolating back to a singularity we reach the Big Bang.

P. Noterdaeme et al.: The evolution of the Cosmic Microwave Background Temperature

TOCMB (1+2)

Tous (1) 2

f

Noterdaeme et al (2011)

- Yir

lllllllllllllll]l;‘\l‘

2.0 2.5

3.0

The cosmic microwave background
(CMB) radiation is a near perfect
black body. The temperature can be
tracked backward in cosmic time.

Today T=2.725 K (COBE satellite)

(Redshift is defined z = 1/a - 1
z=0 today)

25



Thermal history

p(t)/pe

102
101
104
10
10°
10{_)
103
10!
19—+
1073
1072

Radiation
dominates

IIII ) ] lllllll ] ] Illllll I ) llll|l|

Matter era

e The dependence of the
density on scale factor varies
with the equation of state of
the material

w=0/P
e Dark energy is modeled with

Start of dark
energy era

Aeq .

= 6(70

- cosmological constant 3

—.1....I e gl e aauul e aaaul TR
1 g~ W~ w1

Scale Factor a(t)

the cosmological constant

Component | evolution w po/pc
dark matter | pcdm = Pcdmoa > | 0 0.227 + 0.014°
baryons Pb = ppoa > 0 0.0456 + .0016°
radiation P = Prypd 1/3 4.98-107°
neutrinos b= PuoR 1/3 3.39.107°
dark energy | pn = constant -1 0.728 + .00157

2 WMAP+BAO+HO0 best-fit parameters

26



The Early Universe

e The young universe is filled with a hot plasma.

o Photons and baryons in equilibrium.

*

Témperagure T (;V)

><®

o 1

.9 1 =_I_I._Itli_l T T [llj_r T T =
- 3 5
°) X 1
£ 1071 E
5 102 E
= E Exact Solution 7
) -3 [ ‘

Q 10 E ‘\ -]
= - \ ]
) 10—4 1 1 Ly v v 00 1 1

o 1000 100
=y

Redshift z

Figure 3.4. Free electron fraction as a function of redshift. Recombination takes place suddenly
at z ~ 1000 corresponding to T" ~ 1/4 eV. The Saha approximation, Eq. (3.37), holds in
equilibrium and correctly identifies the redshift of recombination, but not the detailed evolution
of X.. Here Q, =0.06,Q,, =1,h =0.5.

Dodelson, 2003, Modern Cosmology

e Ends at recombination (z~1000, t~1075 years)

(@)

The temperature drops to 1/4eV allowing
neutral hydrogen to exist.
The mean free path of photons becomes

large and Universe becomes transparent.

These photons are observed today as
the cosmic microwave background
radiation.

27



Cosmic microwave background radiation (CMBR)

e The radiation field is mostly unmodified after recombination and we see it

background with T=2.7 K

Colors indicate
temperature
AT/T ~1e-5

28
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e CMASS results http://www.sdss3.org/science/boss_publications.php

VIPERS results http://vipers.inaf.it

Rota+2017, VIPERS galaxy power spectrum https://arxiv.org/abs/1611.07044
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Longair, 1998, Galaxy Formation 29
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Formation of the cosmic web

The cosmic web forms through gravitational collapse from homogeneous initial conditions.
p—p
p

Define the overdensity of matter with respect to the mean density: § =
Jeans instability: largest density perturbations collapse first.

Small puturpations § << 1 grow linearly according to the growth factor: §(z) = §(0)D(z)

http://cosmicweb.uchicago.edu/filaments.html



http://cosmicweb.uchicago.edu/filaments.html

Why spectral analysis?

e Fourier analysis is fundamental to gain physical insight and solve the dynamical
equations that describe structure formation.

31



Dynamical equations

e \We will start with the differential equations defining the dynamics of a fluid:

Continuity equation: D’O _pv U

Dt
Dv 1
Equation of motion: Ft = — ;Vp — V¢
Scalar density: rho Poisson equation: v2¢ — 47TG,0

Scalar pressure: p
Vector velocity: v
Scalar gravitational potential: phi

—

Dt Ot 32



Linearized equations

e Linearize the equations by expanding to first order in the perturbations.

U = vy + 0U Dov 1
- = 6 . 5 _5—». —
0= po+6p j> Dt pOVp Vip — (6v- V)
= n0 + 0 D
p = po +0p _(5_p>:_v.5v
¢ = ¢o +0¢ Dt \ po

V26¢ = 4nGép

33



Change to coordinates comoving with the Hubble flow

Perturbation

Physica’Ffa_T tances.
expand as a(f)

34



Result

e Linearized differential equations that describe the evolution of the density field.

Velocity Field dﬁ a R VCS ¢ 1
[eq«atiau of motion) T 44 —I_ 2 —UuU = 2 T V5p
dt a a 00
Dencsity Field d 5 R
(conz‘inm'ty equat:‘ou) . — V U

35



Spectral decomposition

e Find the solution for a plane wave:

5 o 6—iE-'F’

e Define the sound speed and Jean's length:
0 27 T
dp kg G po

.o . 2 2
§+2-5=10 <47er0 Gk )

a

e Large scales, neglect pressure: 5’_|_ 2@5' ) (477Gp0 @%
a 36

e Result;




Power law solutions

e Cold dark matter case, matter dominated with Omega=1:
doxt?3 xa=(1+2)"

e Radiation case (Omega=1):

doxtoca®=(1+2)""7

e In both cases with Omega=1, the gravitational potential is constant in time.

37



Horizons

[
horizon size cannot collapse.

\\yvavelength greater than horizon,
perturbation cannot grow.

wavelength less than horizon,
perturbation will grow through gravitational

collapse.

On very large scales, density modes with wavelength larger than the light

<10-%s 10'%yrs
ol
y T
~
Fol
) i}
— R
p—1 =
5 s
U O
= By
S 5
jon )
o ]
57
=1
=
=
T IE
=
=] @
= ]
s =1
l S E
i
H
75!
b
e
o
o
x
E*.C
d
Present

Inflation

Time =———————p
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Evolution of density perturbations over cosmic time

1.0 SR O A LA B B BRI ~
osl i . k =0.001 h/Mpc ﬁ Enters the horizon today
& 0.6
e 0.4 N 4k = 0.1 h/Mpc <= Enters the horizon around
= matter-radiation equality
0.2  Potential 1
0.0 A T T k =2 h/Mpc < Enters the horizon during radiation
1 06 — dominated era
1 05 Density
4
1 03 Growth of perturbations depends on the time
<1 02 they entered the horizon.
10
1 01 Dark matter growth is suppressed in the
1 00 radiation era due to the decay of the potential

10710°10°10%10310210" 10"
a Adapted from Dodelson Fig 7.2 & 7.3



Summary

e Dynamical equations can be expanded in a series around the mean density. We use
the first order expansion which is linear in density.

e We decomposed the density into Fourier waves. The Fourier modes evolve
independently since equations are linear.

e The solution of the growth of density fluctuations depends on wavelength.

o On large scales we find that the density grows proportional to the scale factor in a
matter dominated universe (quadratically for radiation dominated epoch).

o On small scales below the Jean's length, pressure counteracts collapse and
acoustic waves travel. This happens in the dense plasma before recombination
(cosmic microwave background).

40



Galaxy redshift surveys

Spectroscopic surveys measure the sky
position of galaxies (RA, Dec) and redshift (z2)

Redshift gives a proxy for distance
We use galaxies as tracers of the density field

Relate perturbations in the galaxy field to
perturbations in the density field with a bias
factor.

Sloan Digital Sky Survey (SDSS)

41



Shape of the power spectrum

horizon scale at matter-radiation equality

e On very large scales (k<0.01) the

power spectrum follows the initial
=0.2 power spectrum established by
inflation.

e The turnover corresponds to the
horizon size at matter-radiation
equality.

e Growth of small scales (k>0.1)
was suppressed since they were
inside the horizon during the
radiation epoch.

P(k) (Mpc/h)’

1 i A i ol

100". et s
107 102 10! 10° 10!

k (h/Mpc)



Evolution of the power spectrum

e The power spectrum grows
— with time according to the
zgg” | z=05 growth factor

5(2) = 8(0)D(2)

e We also define sigma8, the
RMS of delta in a spherical
window which evolves in the
same way.

e
k (h/Mpc)



Fourier analysis

e Theory of structure formation is naturally formulated in Fourier space.

e Fourier modes evolve independently under gravity.
e The 3D over-density mode is

5 B) = [ sy

e The power spectrum is defined

P(k) = (|6 (k)?)

N

Over-density is defined as

5(7) =

n(

—

r

) —7n

n

It can be computed by averaging over shells in k-space:

> 1 1) |2
P(k) = & > 16k (K|

k' |=k



Relation to the correlation function

e The correlation function characterises the

distribution of pairs of galaxies

o How many galaxies are expected in a spherical shell
of radius r and width dr?

dn(r) = (1 + &(r) )dmridr
o The excess over a uniform distribution is given by

the 1+xi(r) term.
o  xi=0 for a uniform distribution.

45



The correlation function kernel

e The correlation function is the Fourier
transform of the power spectrum

V

e = % (,—iE-F 3
ﬂﬂ—@ﬂ%/mmz d>k

e If the field is isotropic, the angular part
can be integrated to give

4 sin kr 9
€)= Gy / P(k) T 4mk?dk

e Fourier modes are mixed in the
correlation function with the sin(kr)/kr
kernel.

1.0 1

0.8 -
0.6
0.4

sin(kr)/kr

0.2
0.0

—0.2 1

102 10~} 100 10 102
k (1/Mpc)
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Cosmology with the matter power spectrum

The shape depends on the matter
density and baryon fraction.

Neutrinos suppress power on
small scales.

Redshift-space distortions
constrain the growth of structure
and gravity model.

Baryon acoustic oscillations give
standard ruler to constrain the
expansion history

Pu(k) [(h~'Mpc)?]

104 ¢

.

o %H
I r———%‘——ﬂrd .
103 —/ E 5
: + \K
102 F TR‘&“ 3
H+  Planck TT i :
++ Planck EE i\
10 H Planck ¢¢ 1 J'
i ++ SDSS DR7 LRG
++ BOSS DRO Ly-a forest
DES Y1 cosmic shear
100 PR | = 1 pigegy 1
104 102 102 10 100

Planck 2018

Wavenumber k [h Mpc ™!



Baryon acoustic oscillations

The pressure waves in the early
Universe remain imprinted in the matter
distribution after recombination (CMB)

Enhancement of matter at separations
of ~100Mpc/h (sound horizon at
recombination)

Detectable as oscillations in the galaxy
power spectrum.

Bump in the correlation function.

10Y
10

710°10°10*102102%210" 10°
a



Acoustic oscillations

baryons photons Mass profile

Consider an initially over-dense spot in the otherwise homogeneous Universe.
Photons and baryons are tightly coupled and evolve together. The pressure pushes a
shell out that continues to expand.

(Martin White, http://w.astro.berkeley.edu/~mwhite/bao/)



baryons photons Mass profile




baryons photons Mass profile




baryons photons Mass profile

71T

Recombination is starting ~300 000 years after.
The photons are diffusing away from the matter density.



baryons photons Mass profile




baryons photons Mass profile

The photons are nearly homogeneous.
The dark matter over-density is growing under gravity



baryons photons Mass profile




baryons photons Mass profile

The end result is a peak in the matter profile at a scale of ~100Mpc/h.



02<2<05

Baryon acoustic oscillations

e The pressure waves in the early
Universe remain imprinted in the matter _ — N——
distribution after recombination (CMB) j 04<2<06

e Enhancement of matter at separations
of ~100Mpc/h (sound horizon at
recombination)

pre-recon : post-recon
05<2<0.75

e Detectable as oscillations in the galaxy
power spectrum.

e Bump in the correlation function.

0.92 pre-recon post-recon
L ! ! 1 Il i

s - e 1
0.05 0.1 0.15 0.2 0.25 03 005 0.1 0.15 0.2 0.25 0.3
k [h Mpc™) k [h Mpc™]

CMASS, Beutler+ (2016)
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Baryon acoustic oscillations

e The pressure waves in the early
Universe remain imprinted in the matter
distribution after recombination (CMB)

e Enhancement of matter at separations
of ~100Mpc/h (sound horizon at
recombination)

e Detectable as oscillations in the galaxy
power spectrum.

e Bump in the correlation function.

& (h *Mpc?)

-l'r_ 20}

&, (h ' Mpc)

~20F

-0.5¢

-~1.0F

100F" 6.

80F

60F

40f

0.0

40 60 80 100 120

s (k"' Mpc)

CMASS, Ross+2016

140

160

180
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Inverse distance ladder

e The BAO position gives a measure of RN AR EEE LN
the distance-redshift relation. ?c: 70 | ¢ BAO g
. . L % SN
e BAO allows the distance ladder to be =
fixed at high redshift instead of with P : f Hy=0sml.d
local cepheids (assuming a cosmological £ i
model). = 65 -
=
® Supernovae distances may be i I
calibrated against the BAO measures. E -
e Gives agreement with low HO ~ 67 E 60 -
km/s/Mpc (Aubourg+2015) S -
At tension with low redshift measures _

of HO. 08 06 04 02 0
redshift



Growth of structure and redshift-space distortions

e \We saw the decomposition of the galaxy Z(t) = a(t)7(t)
velocity into the Hubble flow plus a "peculiar A7 " J7
e The measured redshift has these two T T
components. = Hz + v
— . 0U(t) = a(t)u(t
Zmeasured = Zcosmo T (1 + Z) vpeculzar/c o(t) = a(t)u(t)

e The peculiar velocity is linked to the
gravitational potential through the dynamical

equations. 2f

ov = 3HQV5¢/&

60



Galaxies systematically shift position in redshift space

Real space

overdensity

Galaxy motions towards overdensities
leads to a systematic shift in redshift.

A spherically symmetric distribution will
appear squashed in redshift space.

Known as the Kaiser effect (Kaiser 1987)

61



Fingers of God effect

Real space

Reédshift space

Line of\sight

If the velocity is large, the shift
in position in redshift space is
large along the line of sight.

Important in virialized galaxy
cluster environments where
galaxies are moving on orbits.

A spherical cluster of galaxies
will appear elongated along the
line of sight.

First reference: Jackson 1972
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Right ascension

Redshift space distortions
explain strange features seen
in redshift survey maps.

e Dense filaments or walls
across the line of sight.

e Elongated structures
pointing radially.




Modifies the clustering signal
(.00

_2f
5’0 = BI{—QV5¢/CL

In this animation the amplitude
of line of sight velocities is
varying.

It shows both the large-scale
squashing effect and radial
Fingers.
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Measurements of the correlation function

Blue galaxies Red galaxies
10! 40 i TR 10!
| s
Mo of NN 10°
Z g {0t & o ol {10
= =
S = S L ) d
20 A : 1072 20 gt o 10-2
' e e W
[ el a el l - l o
¥ = =
. . n Lﬁ#ﬂ
-40 103 40 - '} 2l 'd?.!.'.il. " 103
-40 -20 0 20 40 -40 -20 0
7 [h"'Mpc] 7p [h~"Mpc]

Two point correlation function measurements from VIPERS
(Mohammad+2018)

Red galaxies show a stronger "figers of God" signal than blue star forming
galaxies.

Line of sight

The correlation function
binned in separation along
and transverse to the line
of sight.
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The growth rate

e Fitting the anisotropic correlation function (or power spectrum) allows us to
infer the parameter f.

d 5 T T | T | T |

a — Planck : ACDM + GR @ VIPERS voids (Hawken et al. 2017)

f = - — 0.9 - e WiggleZ (Blake et al. 2012) ¢ VIPERS RSD only (Pezzotta et al. 2017) -

5 da v BOSS (Beutler et al. 2017) ¢ VIPERS RSD + gg lensing (de la Torre et al. 2017)
0.8 |- * 6dFGR (Beutler et al. 2012) @ This work —
¢ VVDS (Guzzo et al. 2008)

~ Q )’y 0.7 | @ SDSS (Howlett et al. 2015) -
~ ™m (z <« FastSound (Okumura et al. 2016) |

e The parameter gamma
can be used to test General
Relativity against alternative
theories of gravity.

0.0 0:2 0.4 0.6 0.8 1.0 1.2 1.4

(e]¢)



Forecasts

e Euclid spectroscopic galaxy power
spectrum measurements will make
percent-level constraints on the
expansion history (BAO) and the
growth rate (redshift-space
distortions), as well as using full fits
to the power spectrum/correlation
function.

e The combined measurements from
galaxy clustering, weak lensing and
galaxy clusters can point us to new
evidence for physics beyond the
LambdaCDM model.
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End of Chapter 3
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Sky accessible at given time

Rolling (a)

Solar Panel

FoV: 0.54 sq.deg

Depointing (B)
+0X, / +10°.

Scanning
360°




Dec. (2000)

Euclid survey and Euclid DR1 sky coverage
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The Euclid Wide Survey DR1 area maximizing the overlap wjth DES : North = 821 deg?, South = 1657 deg? [Mollweide Celestial]

Euclid Wide Survey region of interest : 17,354 deg? Euclid DR1 area, 2023 : 2500 deg?
= y reg g 9 ? '-wu@esa

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

From J.-C. Cuillandre and the ECSURYV team

71



