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The 3D Cosmic Web as a Cosmology Laboratory

500 Myr after Today - 13.8 Gyr after
the Big Bang the Big Bang
z=10

¥

TRt

» Expansion of the box — Hubble parameter H(z) — Dark Energy

» Growth of structures inside the box — Dark Matter and Gravitation



NCDM CDM No dark energy Warm dark matter

100 Mpc



2 Euclid

Merging of SPACE (Pl A. Cimatti) and
DUNE (PI A. Refregier) Cosmic Vision
proposals (2007) for M2 missions

1 2008 — 2009: Assessment Phase
L 2010 — 2011: Definition Phase

0 2012: Adoption by ESA

0 2015: PDR — construction

O 2018: CDR passed

0 2023: launch on July 15t (L2 orbit)
O Survey duration: 6 years

Sun shield (Thales
Alenia Space)

Telescope 1.2 m
(Airbus Defence
and Space)

Instruments (VIS+NISP)
Service Module (Euclid Consortium)

(Thales Alenia
Space)

0 ESA + Euclid Consortium + NASA + CSA + Japan + Industries
O Global collaboration: 21 countries, >300 institutions, >3500 people




Euclid Ground Segment Cesa
ASTRONOMY SCIENCE ARCHIVE: MAXIMISING SCIENCE FROM OUR MISSIONS

Data Release 1 (2500 deg?): ~mid 2026

Science archive

ESA's Science Operations
Centre (ESAC) in Spain

Scientific community

Data are available to all for
decades, ensuring long-term
science return and supporting
future missions

Data products (images,
spectra, measurements,
catalogues...)

Euclid Consortium (EC)

Raw data are processed by the EC Science
Ground Segment, responsible for providing
data centres and software.

The processed data products include
calibrated images and spectra, catalogues of
scientific measurements, and documentation.

Spacecraft data
arrive at ESA's SR ...
European Space

Operations Centre
(ESOC) in Germany

The EC includes over 2000 international
scientists and contributed Euclid's
instruments, VIS and NISP.

Science Planning future
missions
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Euclid Imaging and Spectroscopy

S T

._._.

%\, COSMOS

VIS i NISP

Relative Sizes of HST ACS Surveys
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1.0

= VIS & NISP: wide field imagers (0.55 deg? each) - M 1
. . . . . § 0.6
= VIS: imaging 36 CCDs with 0.1”/pixel, m,z < 24.5 => weak lensing £
< 0.4
= NISP: imaging 16 detectors with 0.3”/pixel, m,; < 24.0 =» photo-z " 02]
= NISP: slitless spectroscopy (R~380) = spectro-z

0.50 0.75 1.00 1.25 1.50 1.75 2.00
Wavelength (um)

Credits: B. Granett *Blue grism is exposed on Deep fields only
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Euclid Consortium
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Credits: ESA & EC Survey Group

Wide Survey: 15,000 deg?

Cosmological survey
Imaging + spectroscopy (red grism)

Deep Survey: 40 deg?, 2 mag deeper
Imaging + spectroscopy (blue & red grism)
Calibrations and Legacy Science



First Euclid Images (VIS+NISP) (ESA - 07/11/2023)

v PSF

v Throughput
v’ Sensitivity
v’ Stability

VIS and NISP
perform as
expected!




The Treasure of Euclid Imaging
(VIS & NISP)

o Galaxy shapes and shear maps

o Weak gravitational lensing

o Strong gravitational lensing

o Photometric SEDs (VIS +YJH +additional photom.)
o Photometric redshifts

o Galaxy morphologies

o Galaxy surface brightness profiles

_o Galaxy clusters



, ‘ IR l ’ The Treasure of Euclid Spectroscopy
] LI R Y e (NISP)
|

11188 A ,f‘__: ,; "o Spectroscopic redshifts

Ul ,‘ il | L i I B i | o Galaxy clustering and 3D cosmic web

o Spectroscopic classification

lz i ! ' I L] ) ” o Spectral features

i * o Unbiased AGN survey

i ‘ [ e ’, _- o Luminous Lyman-a emitters

|’f‘ o Reionization
LI | L s _ : : : ..
| B l * it \l [ o Photometric redshift calibration/training

Early commissioning test image, NISP instrument (grism mode)




What Do We Expect?

Same mission
Different datasets
Multiple Experiments

O

3D map of cosmic matter (cosmic web)
Cosmic web evolution (last 10 Gyr)
Evolution of the Hubble parameter H(z)
Nature of Dark Energy

New constraints on Dark Matter

Verification of General Relativity

Neutrino mass

Future of the Universe

First galaxies and supermassive black holes
Evolution of galaxies and AGNs

... and much more!



Model: wg, w; - flat - optimistic

= GC. GC. + WL GCe + WL + GCyp, + XC The Power of Euclid
I WL . GE5+WL+GEph

d Space-based data!

Ne 1 Multiple cosmological probes:

o Weak lensing
o Galaxy clustering

W o CMB cross-correlations
o Clusters of galaxies
O

Wn :
Strong lensing
(b0
Q.0  Mitigation of systematics
0.001 0.01 0.1 1

1 Mitigation of degeneracies
0/65iq

d Improvement: 1-2 dex with
respect to current constraints

1% error

Euclid Consortium, arXiv:1910.09273



Euclid galaxy clustering predictions
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Credits: L. Guzzo



Not Only Cosmology g w g
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= CTA Prototypes = Science Verification — User Operation )
[ Low Frequency Radio | ' :
LOFAR )}
MWA T MWA jupzrade) 1 5
VLITE on JVLA —=(~20187 LOBO) )
| Mid-Hi Frequency Radio | ( = — ]
JVLA, VLEA, eMerlin, ATCA, EVN, JVN, KVN, VERA, LBA, GET...imany other smaller facilities) ¥
ASKAP ] - :
Eat7 —> MeerKAT —> SKA Phase 1 ) : §
. : ( SEAI&? (LoMid) )
| (sub}lﬂllllmeter Radio | ' ; ;
JOMIT, LLAMA, LMT, IRAM, \GE‘#L-L SMA, SMT, SPT, ‘N'mteuz }Iupn Nobevama ... (many other smaller facilities) )]
ATMA )}
{_ EHT {prototvpe —= full ops) )]
| Optical Transient Factories/Transient Finders | . : :
[ iPalomar Transient Factory —> (~2017) Zwicky TF J(TS5T (buildup to full survey mode) Y

PanSTARRS] —= PanSTARRS?

8

OpticalR Large Facilities]
VLT, Reck, GIC, Gemini. Magellan...(many other smaller facilities)
HST

(WEIRST

{ TW5T

MT

[ eELT (full operation 2024) & TMT itimeline less clear)? )

[ EADI & Chandra

NuSTAR (T TEPE 1
— [CASTROBAT T FRERS 2035 )
: f { HEMT )
NICER ) : [ XamM
: ~ [ eROSITA
|_Gam ma-ra : F—dmﬁ gamma-ray + optical ground elements)
WL
[ mwc ] . A mbad Al -
{ DAMPE el
[ Grav. Waves L _ GRISASO : . -
Advanced LIGO + Advanced VIRGO (2017) | —uperade to mclude LTG0 India— |
Neutrinos : : (FacRa

TceCube (SINCE 2011)

'ANTARES [EMBNET-1 TEMSNEL-2 (ARCA)
[UHE Cosmic Rays | : - :

[ Telescope Array — upgrade to TAx4

i Pierre Auger Observatory > upgrade to Auger Prime

“/‘"W

Science '.-4;*'-;,
with the

Cherenkov - __
Telescope -~ =

Synergies
with CTA?

Theme 1: Understanding the Origin and

Role of Relativistic Cosmic Particles
Sites of high-energy particle acceleration
Role and feedback (galaxy evolution)

AGN
Clusters of galaxies

Theme 2: Probing Extreme Environments
« Cosmic voids and Extragalactic Background Light

Theme 3: Exploring Frontiers in Physics
 Nature, mass, distribution of dark matter

Multi-messenger Astrophysics



Time since the
Big Bang (years)

~ 300 thousand

~ 500 million

~ 1 billion

~ 9 billion

~ 13 billion

A Schematic Outline of the Cosmic History

<-The Big Bang

The Universe filled
with ionized gas

<-The Universe becomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars
begin to form
The Reionization starts

The Cosmic Renaissance
The Dark Ages end

<-Reionization complete,
the Universe becomes
transparent again

Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!

Planck

Euclid



