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Euclid : the objectives Cofdtiiflim

EUCLID is a space mission dedicated to understand the origin of the
acceleration of the Universe

Euclid was selected by ESA in Oct. 2011, Adopted in June 2012 in the
cosmic vision program as the M2 mission to be launched in 2020

EUCLID will measure the expansion history H(z) to unprecedented
accuracy, as to detect any deviation in observational signatures in
geometry/structure from dark matter/energy with full control of
systematic effects:

Dark Energy
756%

10-bitkion years. ago % bifion years ago Tocdary
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M8 The Euclid scientific strategy CofrdtiHiflim

Distinguish between interpretations:
- DE models = > Is there a variation in time of 1? (w(a) = w, +
Wa(l'a))
- Gravity => Verify that growth of structure f(z) consistent
with ACDM

|s the gravity law that causes structure formation consistent with
the law that governs the expansion of the Univers??

=> Observations of both expension H(z) and growth of structure f(z)
Strategy: use a multi probes approach sensitive to H(z) and f(z)

= Reduce statistical errors by a full sky coverage = > wide field
Instruments
= Control systematical errors using space advantages :
= High image quality
= High PSF stability
= Infrared access (high redshift)
= Low sky background

— Need larae simulation of structure formation with different



S8 Main cosmological probes in Euclid  coi#ifim

Galaxy clustering (GC): BAO,RSD,AP..

3-D position measurements:
0.9<z<2

—> 3-D distribution of galaxies from spectroscopy in NIR rangg.
- 50 millions of spectroscopic redshifts

Weak lensing (WL):

-3-D cosmic shear measurements: 0<z<2 !
- Shape measurement and photo-z’'s from optical and NIR dat:
- 1.5 Billions of galaxies

—23710120t5 FrefFochdmisson




. Primary: Galaxy Clustering: BAO + RS{®*fim

3-D position measurements

of galaxies over 0.9<z<?2

» Probes expansion rate of the
Universe (BAO) and clustering history
of galaxies induced by gravity (RSD);

Y, H2).

» Need high precision 3-D distribution
of galaxies with spectroscopic
redshifts.

Euclid:

50 million spectroscopic redshifts
with 0.001 (1+2z) accuracy over
15,000 deg?
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B8 Redshift space distorsion Cormstitflim

Probing the growth rate of

structure
Ea_z

Real space

d IH a (Credit: V. Springel)




Q&Aﬁ Beyond BAO Corrstiiim

RSD constraints modified gravity

Current and EUCLID measurements of the growth rate f
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(EUCLID forecast, Majerotto et al. 2012)

(BOSS, Reid et al. 2012)
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@8 Primary probe 2: Weak Lensing ColtSHiflm

Cosmic shear over 0<z<?2

i _3H§ﬂﬂ[ f (w- w' fﬁ' "6 [fx (w r)f";wf]dw;
I = e a(w)

*Probes distribution of matter (Dark
+Luminous): expansion history,
lensing potential @+uy.
- Shapes+distance of galaxies: Source plane z
shear amplitude, and bin the
Universe into slices.

- “Photometric redshifts” sufficient
for distances: optical+NIR data.

Source plane z, .

Euclid:
WL with 1.5 billion galaxies
over 15,000 deg?

T AR | e v o3 s aaual el PR T T
S 101 102 108 104 105
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e Cosmology Weak Lensing survey  cofffifim

—
What is the expansion rate of the
Universe?
__| Understanding
Dark Energy
What is the expansion rate of the
Universe?
—
nderstandin
How does structure form within Unde Stc? d 'tg
this background? energy-aensity,
gravity
.The i|‘1t5nr;nin"g t‘!ark d
s o b What are the neutrino :
: masses, matter density? UnderStandmg
energy-density
What is f,,;, which quantifies non- )
Gaussianity? Understanding
GR-horizon effects Inflation, GR
Does the potential change along Understanding
@ line-of-sight to CMB DE, GR
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Euclid: Combining WL and GC data

o Dark matter power spectrum Galaxies power spectrum
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=8 Combining probes for Dark Energ

] T T EUCLID
1.6 | v - N
. — = i Euclid+Planck
| TODAY
\ o
0.8 | |
. |
=
00k ——-—-———¢C :
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—08 } ~1.0
Planck+WP+Union2.1 —14 1.2 -1.0 0.8 0.6
Planck+WP+SNLS Ve
~16 L '
-2.0 —1.6 —1.2 -0.8 —0.4 0.60[
. Galaxy Clustering
Wo 0.58
0.56
fre Q) - y=0.55? As predicted by GR o5l
The growth rate well described by f(z)=Q_(z)¥. o052 e
LUCIIC .
0.50' I:Iucllid + Plalllck
0.92 0.94 0.96 0.98
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EUCLID torcasts... ColrtsHidim

Assume systematic errors are under control

Ref: Euclid RE ar¥iv: Modified Initial
1110.3133 Gravity Dark Matter Conditions Dark Energy
Parameter ¥y m  /eV far W, W, FoM
= Lo = A )
Euclid primary(WL+GC) 0.010 0.027 5.5 0.015 0.150 430
EuclidAll (clusters,I1SW) 0.009 0.020 2.0 0.013 0.048 1540
Euclid+Planck 0.007 0.019 2.0 0.007 0.035 6000
Improvement Factor 30 30 50 =10 =40 =400

~  DE equation of state: FPjp=w , and w(a) = w, + w,(a,-a)
»  Growth rate of structure formation: f~ Q1 ;
= From Euclid data alone, get FoM=1/{Aw, x Aw_) > 400> ~1% precision on w's.

23/10/2015 The Euclid mission 15



Diapositive 15

7 Ade et al. (2013), these combined probes

produce an upper limit Pm < 0.23 eV (95% confidence) when assuming zero curvatur
Anne Ealet; 30/05/2013






Q@C@ Euclid Survey Machine: 15,000 deg? + 40 deg? deep cort5itflim

Space Euclid VIS and NIR observer of stars and galaxies
External

Photometry 12 10° sources, 1.5 10° WL galaxies, 3.107spectra Wide

and
External Spectroscopy

!

VIS Imaging NIR Photometry NIR Spectroscopy
Ins=24.5; 100 Y,J,H=24.0 ; 50 2 1016 erg.cm2.st ; 3.50
l@=265 , 10c Y,J,H=260 , 50 5 10-17 erqlcm-zls-l : 3.50-

I
Other Euclid || Cosmic Shear || Galaxy Redshift
probes survey survey

Dark Matter and Galaxy
Power Spectra with look back time

Planck, . v
OSITA . lo-mm e R Cosmological explorer of Legacy
eR 7 e gravity, dark matter, dark energy Science
> and inflation
Cosmo. Simul.




7 Y space mission Cormstitflim

»Euclid is an ESA mission with a strong
scientific consortium

»ESA provides the telescope and
detectors (via industry), the satellite,
launch and operation centers

» Countries provide the 2 instruments (VIS .
and NISP) and the ground segment Shear clustering

(SGS) et G
e [e)]

» Euclid will do a wide survey of 15000 o | ]
deg2 and a deep survey of 40 deg?2 bl e |

=1.10 =105 —1.00 ~0.895 -0.9(
W

23/10/2015 The Euclid mission 18
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Euclid — Spacecraft Configuration

From Thales Alenia Italy, Airbus DS, ESA Project office and Eudid Consorium

Total mass satellite -
2200 kg

Dimensions

Telescope 1.2 m: FoV: 0.54 deg® A5mx3Imx3Im

Miror in Sificon Carbide= ultra-stable:

Temp.: -150 deg. Stability +:- 0.05 deg. ' "
23/10/2015 The Euchid mission 19
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S8 The instruments Corgfitflim

VI-FPA {without thermal hood)
on support -

-
VI-RSU {shutter) and [
braziket

FM1 and bracket

FM3 and bracket

VI-CU {ealibratian)
and bracket

Common VIS and NIR FoV = 0.54 deg?

| PANEL P2 | e i?f*'sl
adpons T e STRUTS |
[aeca - _':. .
—_—_-hl T
Y

CCoars

36 CCDs,4kx4k, 12 micron pixels

0,1 arcsec pixel on sky 16 2kx2k, H2RG, 18 micron pixels
1 filter Y(R+1+Y) 0,3 arcsec pixel on sky
Bandpass 550-900 nm 3 filters Y,J,H
Data volume 520 Gbit/day 4 grisms 1B(920-1350),3 R(1250-
Mass 135 Kg 1850)

23/10/2015 The Euclid mission Data Volume 290 Gbit/day 20

Mass 159 Kg



8 The Ground segment Corstitflim

> The consortium is responsible of the production of the
scientific data at all levels

v Processing of the VIS et NISP instrument raw data up to cosmological
analyses

v" Add external data if needed in adequat format

v Simulations

v Produce data catalogs to be delivered to the community

> The final interpretation and cosmological analysis is under
the responsabillity of the science groups

The ground segment is identified as challenging because of
the size of the survey, the level of systematic errors and the
complexity of the data chain production and distribution

23/10/2015 The Euclid mission 21



@@m les OUS et les SDC

Co %’OCIJ{I m

SDC : infrastructure for pipeline, production
Ous : (organizational Unit): prototypes of algorithms

Complex organisation:
= 10 Organisation Units
= 7 Science Data Centers

» Data centric processing
architecture and archive/
distribution

Data: huge volumes, heterogeneous
1ata sets

= VIS+NIR imagery and
morphometry, photometry ,
spectroscopy

= data from ground and space
= >30 Pbytes
= 1+ million big images

> 10 spurces (>3-sigmas)

Cost 5G5: 50% of Euclid
Consortium contributions.

scientific
community
t
]
MOC SOC
ESOC ESAC ELA
— Dos — ]
Station — e — Extarnal data
EMA (PanStarrs, DES, )
F — — — — — — — —
i Project Office i
"“}"E. |

............
.........




A Euclid schedule Cofrsiflim

Irmplarmantabion

¥ Doserathon
2008 2012 2016 2020 2024 2028
" | | | I | | "
—— T | 1 r I g v
PN A\ A PN
Proposal sebection Mizsion edoption Launch End nominal mission
013 2014 Noyy 201s 2017
L/PLM ERH‘H /PLM PLRa Systam-PoR M yis_cor PLM-CDR  PLM-FM
5G5S PRR SGS SRR ¥ LM
Prima Selection
Tas-1
Tierin

The mission PDR has just end up. No major issues. CDR expected in 2016.

23/10/2015 The Euclid mission 23



S8  Schedule for data release Cofrsiflim

Ground based + Euclid imaging data: plans

Year -3 T-3 start ground based observations (<2017
¥r -1 Ground DR1 All Euclid pointings set
ready (2500 deg?) T-0 start Euclid nominal mission (2020)
Yr+1 Ground DR2 Yoar 1 Q1 : ~50 deg’
ready (7500 deg?)
Year 2 DR1: ™~ 2500 deg?
¥r +3 Ground DR3 Year 3 Q2 : +~ 50 deg?
ready (15000 deg?)
Yeard e DR2:+"~5000 deg’; Total ~7500 deg’
Year 5 Q3 : + ~ 50 deg?
Year6 Q4 : + ~ 50 deg”
. L 2. ~ 2
v Mission DR3 : +~ 7500 deg®;, Total “15000 deg
23/10/2015 The Euclid niissiefine
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BB E uclid : The organisation Cofdtitflim

The scientific consortium : 120 laboratories, > 1200 members

France is a main actor with 30% of the country contributions
> 250 french members, INSU,IN2P3 and IRFU.

> Very high level of responsabilities:

Lead consortium (Y.Mellier, INSU)

v' EST ,ECB members (Y.Mellier, O.Le fevre, A,Ealet)
v" Lead NISP instrument (CNES,INSU,IN2P3)

v' Lead of VIS focal plan (IRFU)

v Scientist of the ground sgment (IRFU)

v' Lead of the SGS system team (CNES)

<

> More than 10 laboratories
v" INSU: IAP, IAS, LAM, IRAP, Lagrange
v IN2P3: APC, CPPM, IPNL, LPSC, LPNHE
v IRFU
v" CCIN2P3

« A strong CNES support and participation

23/10/2015 The Euclid mission o5



Euclid: organisation T-esa

c

S

Casmne Theory

 Weaklanmng
v Gal Clustaring
= Qugiars

= AR rassoor
= Srang lensEng
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Coord.

Frimaval Lnw
izl B ATaM eval,

» Local Urivarss
= Milky Way and

Rasslvad Stallar
Populatisns

= Planuls
+ LHsTranmant:

Euclid Consortium Eud{. lid

o g Frm

- 1100 members,

- 120 Labs

- 13 European countries:
Austria, Denmark, France,
Finland,, Germany, Italy,
The Netherlands, Norway,

Portugal, Romania,

23/10/2015

The Euclid mission

Spain, Switzerland, UK

+ US/NASA and

Berkeley labs.




S8 French Responsabilities Corstitflim
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-NISP Instrument scientist (A.Ealet/CPPM)
-NISP Detector scientist (R.Barbier/IPNL)

IN2P3 responsabilities:

_ _ TELEDYN
Reception of the 16 flight detectors from NASA (CNES/CPPM)

Characterisation (CPPM /IPNL)
Radiation tests (APC/LPSC)
Integration and test of the full focal plan (NI-DS) (CPPM)

CPPM : develop test facilities for flight detectors reception (clean roon= =& |
+ do the detector characterisation 2 y
+ deliver the Ni-DS product

IPNL : develop software et analyses

APC /LPSC : radiation tests: 2015-2017 ~ R

Full size Demonstrator with
4 representative Euclid detectors
Tested in 2015




B IN2P3 contribution in OUs Cormstitflim

 External data and photo-z production (OU-EXT-OU-MER-OU-PHZ) (APC)

* Preparation of photo-z catalogs, using the full chain of data and external data such
as CFHT, DES, LSST (under agreement)

* Euclid image simulation (OQUSIM) (CPPM,IPNL)

Co lead ~ 20 FTE In2P3
Production of prototypes for NISP pixel simulator Included scientists

test and integration at SDC level
Preparation of data challenge
Performance validation

 NISP level 1 and 2 data (OUSIR and SPE) (IPNL,CPPM)

 Colead (new)
» Developpment of calibration and feature extraction

« Level 3 (OULE3) (APC,CPPM, LPSC)

» Production of tools for scientific analysis for the cluster analysis
« Validation of catalogs



@% SDC France and CC-IN2P3 Cortitfm

SDC-FR (K.Ganga (IN2P3) /M.Poncet CNES)

SDC-DEV (APC) SDC-PROD (CCIN2P3)

requirements

SWGs " ou

—
algorithm
validation

APC Arago center is a meso-center for
- pipeline development and is the software
validation development platform for Euclid

algorithms,
test data

pipeline code,
test data

adaton CC-IN2P3 is the SDC- France and is in
charge of the Euclid data production for
France

Large increase of activities expected in

IN2P3 strongly supports tI%QJpGr@c%gtion of EUCLID data :
Agreement CNES and IN2P3 to produce the first data release (DR1=30%
of data )

23/10/2015 The Euclid mission 30



IE®8 The French organisation

Co r%locljﬂ m

- French effort is monitored through an inter-organism committee ( CIO)

(CNRS,IRFU,CNES)

- French contribution is managed by a CNES project manager (R.Clédassou/CNES)

- CNES is providing the funding for all technical and SGS activities (AP, CDD) througt

conventions with CNRS and IRFU .

- Computing in France is provided by the CC-IN2P3 infrastructure and CNES CDD

support ((K.Ganga/IN2P3, M.Poncet /CNES)

- Currenly the estimation is of ~ 900 FTE for the investment (2012-2020) , 80 %

CNRS/IRFU

18% 18%

® Missions

10%
®mCDDs fATs

u Contrats
19%
® Fonct.

®m RH

35%

EUCLID Phase B : ventilation par postes I

14%

EUCLID Phase B : ventilation par organisme

15%

= CNES
W INSL
min2p3
= CEA

N a




B8 The Euclid science organization Cortitilim
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woiartific oo m munity B. Altieri
¥ =

32



B8 French scientific organisation Cortitilim

-The science is developed under science working groups SWG (~ 15 groups)

-The participation to SWG is based on the individual willing: Euclid members can
propose to participate or to lead a work package (WP).

-The SWG Euclid groups WP lead are based on existing expertise : need to be an
expert and to dedicate enough time to have a visibility !

Today, IN2P3 scientists are members in Clustering, Supernovae and CMB/clusters
SWGs
IN2P3 is pushing to include SN in the cosmology probes too.

-There a deficit of French scientists in SWGs and of leads !!
Euclid French community has decided to promote a a French Euclid coordination
group to prepare a scientific roadmap and develop the French expertise. This is
based on 3 science priorities:
1- Cosmological probes : WL, Clustering, Clusters
2. Combinaison of probes : in Euclid, but also with external data as CMB, SNe
etc..
3. Formation and galaxy evolution

The French group will present the roadmap and the scientific priorities to CNRS,
CNESAHhd IRFU. IN2P3 will pEEEBAE %trongly in point 1 and 2. 33






8 Photometric redshifts needed for Euclid  cotifim

HST/ACS credit NASA/ESA HST/ACS; credit NASA/ESA

* Weak Lensing : redshifts of 1.5 x10°
sources to

o Slice the universe
o Control contamination by intrinsic
alignments of galaxies

Galaxy halos Clusters of galaxies

* Redshifts of Euclid clusters: (60,000
clusters, 5,000 giant arcs)

- synergy with Planck,Nika and
eROSITA

Dietrich et al 2012 Colombi/Mellier

» Redshifts of sources and lenses:
needed at least in the range 0.2<z<2

Filaments between clusters Cosmic shear

%_\]/Photo-z needed with VIS+NIR data &



SBIGround based imaging data for photo-z Corstitflim

Current best options: T e

ES
eRosita DE/RU divide =—

e South:
DES (5000 deg?2), LSST

+30° 4 DEC+30 el i 5
DEC+20 :
S DEC+05 (curre

AN AR AN

* North:
CFHT: 2-3 bands ?
proposal in progress
WHT : William-Hershel telescope

1-2 band ...

315 2700 225° 180 135* >0 a5

(Es_PAU proposa') From J-C. Cuillandre and the ESSWG
Citharni?

LSST+EUCLID
photo-z, SEDs for PSF, source

. L . Tiomynam- :
identification, classification, many “'@;‘;“?@’" N
141 NN
complementarities e

need.fffistal agreement



Ve 7UC-K} S umma ry Co rl‘%bcljf.l m

« ESA has selected the only space mission dedicated to understand the
acceleration of the expansion of the Universe.

 FEuclid is a large consortium ( more than 1000 members!) where France takes
the leadership

* FEuclid includes a strong contribution of all national agencies IN2P3, INSU,
IRFU and is supported by the space agency CNES making France the
biggest contributor to the mission.

 Euclid has finalized the conceptual and design phases and start to build the
instruments.

 IN2P3 contribution is based on the expertise of the institute on detectors and
on data processing and provide support and large computing infrastructure

used in particle physics..

The science preparation is starting and need to build a strong
expertise and a good organisation prior to the launch

23/10/2015 The Euclid mission 37



*..

:I'Q]eCtS for the next generatlori of |
s<31ent1sts | : 3

We need to prepare the scientific return of such an
investment by buiding the scientific expertise of the
next generation

This is mandatory to be prepared to explore DE in the
next decade




Iéuc- id Co f%bcljﬂl m

SPARES

23/10/2015 The Euclid mission 39



Cor%bcrjﬂ m

Curvature from radial & transverse BAO
w(z) from SN-Ia, BAO directly (and
contained in most other probes)
In addition 5 quantities, e.g. @, Y, bias, o, , V_
Need 3 probes (since 2 cons eq for DM)
e.g. 3 power spectra: lensing, galaxy, velocity
Lensing probes @+
Velocity probes W (z-space distortions?)
And galaxy P(k) then gives bias

(-> Euclid ©)



u|Sh|n CO%{)CIJ{I m

Assuming:
* DE equation of state: P/p=w , and w(a) = w, + w,(a,-a)
e Growth rate of structure formation: f~QY;
« Nature of dark energy
e Distinguish effects of /A and dynamical DE: Measure w(a) =2 slices in redshift
« From Euclid data alone, get FOM=1/(Aw, X Aw,) > 400> ~1% precision on w’s.
- if data consistent with A, and FoM > 400 : A favoured with odds of more
than 100:1 = a “decisive” statistical evidence.
e Nature of gravity on cosmological scales
* Probe growth of structure -2 slices in redshift,
e Separately constrain the metrics potentials (W,®) as function of scale and time
e Distinguish effects of GR from MG models with very high confidence level:

- absolute 1-0 of 0.02 on the growth index, Y, from Euclid data alone.

— —> WL and RSD are differently sensitive to W, ®: W +® (WL) ; P (GC, RSD)




. Challenges of Euclid Cofififlim

e EC Management: 1250 persons, 120 labs, 14 countries:
e Data management and processing: huge volume, multi-wavelength data, ground + space,
NIR+VIS, 10 SDCs, archive = data, algorithm and hardware challenges
» Shape measurements/systematics

e Control multiplicative and additive biases, shape measurement algorithms
* Photometric redshifts:

* Ground based photometry in 4 bands : 15,000 deg? (i.e. north and south)
* Numerical simulations with power spectrum to a 1% accuracy :

e Underlying physics: e.g. numerical simulations with baryons

* Numerical simulations of a large number of DE, GR models

*103 to 10° simulations to estimate covariance matrices

* End-to-End performances
* Spectroscopic surveys to:
e Calibrate deep photo-z and understand BAO and RSD samples

@JCLC @



B next generation wide field cosmic comsiiim
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Ultimately...need to combine all probes.... Cofdtiiflim
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B8 A wordwide synergy Corgtfiiflim
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Coucid
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Euclid+ground: photo-z of 1.5 billion galaxies

Critical: need ground based imaging over 15,0000 deg? in 4 bands

Courtesy Eudlid SWG Photo-z and OU-PHZ

Requirements:

» get photo-z for ~all WL
galaxies

+ cover the whole Euchd
sky (15000 deg?)

» accuracy = 0.05x(1+z)

- 4 optical bands needed

Visible data obtained from ground based telescopes
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