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An accelerating universe dominated by D Econsortium
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Is L the source of the acceleration? Seris

Alf w, =P/r =cte ¢
A wy ~-1. But how close? :
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Euclid

The ESA Euclid mission: scientific objectives  consortium

A Understand the origin of the Universe® accelerating expansion;

A Derive properties/nature of dark energy (DE), test gravity (MG)

A Distinguish DE, MG, DM effects decisively b y é
A using at least 2 independent but complementary probes
A tracking their observational signatures on the
A geometry of the Universe:
AWeak Lensing (WL), Galaxy Clustering (GC),
A cosmic history of structure formation:
AWL, Redshift-Space Distortion, Clusters of Galaxies

A controlling systematic residuals to a very high level of accuracy.

Euclid Corfu, September 17, 2012



Distinguishing  decisively G

Parameterising our ignorance:
A DE equation of state: P/r =w , and w(a) = W, + W,(a,-a)
A Growth rate of structure formation controlled by gravity: f~ W ;
g 9.55 for general relativity A test GR

Euclid Corfu, September 17, 2012



Distinguishing  decisively G

Parameterising our ignorance:
A DE equation of state: P/r =w , and w(a) = W, + W,(a,-a)
A Growth rate of structure formation controlled by gravity: f~W¢:; g ©.55 GR

A

1. Nature of the apparent acceleration
A Distinguish effects of L and dynamical dark energy A Measure w(a) A slices in redshift
A From Euclid data alone, get FoM=1/ @& Ow,) > 400:
A if data consistent with L, and FoM > 400 then :
A L favoured with odds of more than 100:1 = a decisive statistical evidence.

2. Effects of gravity on cosmological scales
A Probe growth of structure A slices in redshift
A Separately constrain the metrics potentials (Y , ) & function of both scale and time
A Distinguish effects of GR from MG models with very high confidence level:

A absolute 1-0 pr eci s i omthegrbwthlindéx2g from Euclid data alone.

Euclid Corfu, September 17, 2012



Distinguishing  decisively G

Parameterising our ignorance:
A DE equation of state: P/r =w , and w(a) = W, + W,(a,-a)
A Growth rate of structure formation controlled by gravity: f~W¢:; g ©.55 GR

A

1. Nature of the apparent acceleration
A Distinguish effects of L and dynamical dark energy A Measure w(a) A slices in redshift
A From Euclid data alone, get FoM=1/ @& Ow,) > 400:
A if data consistent with L, and FoM > 400 then :
A L favoured with odds of more than 100:1 = a decisive statistical evidence.

2. Effects of gravity on cosmological scales
A Probe growth of structure A slices in redshift
A Separately constrain the metrics potentials (Y , ) & function of both scale and time
A Distinguish effects of GR from MG models with very high confidence level:

A absolute 1-0 pr eci s i omthegrbwthlindéx2g from Euclid data alone.

(1. + 2.) A primary objectives of Euclid A how can Euclid achieve this?

Euclid Corfu, September 17, 2012
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WL and GC: optimal primary probes for Euclid Consortium

AWeak Lensing (WL), wide field:

3-D cosmic shear measurements (tomography) over 0<z<2

A probes distrib. of matter (D+L), expansion history, growth factor, Y + F
A shapes+distance of galaxies: shear amplitude, and bin the universe into
slices. For 0<z<2 photo-z sufficient, but with optical and NIR data.

AGalaxy Clustering (GC), wide field:

3-D position measurements over 0<z<2

A probes clustering history of galaxies induced by gravity, Y , g H(z).
A 3-D distribution of galaxies, but spectroscopic redshifts needed.

Euclid Corfu, September 17, 2012



Euclid

WL and GC: optimal primary probes for Euclid Consortium

AWeak Lensing (WL), wide field:

3-D cosmic shear measurements (tomography) over 0<z<2

A probes distrib. of matter (D+L), expansion history, growth factor, Y + F
A shapes+distance of galaxies: shear amplitude, and bin the universe into
slices. For 0<z<2 photo-z sufficient, but with optical and NIR data.

AGalaxy Clustering (GC), wide field:

3-D position measurements over 0<z<2

A probes clustering history of galaxies induced by gravity, Y , g H(z).
A 3-D distribution of galaxies, but spectroscopic redshifts needed.

AGC and WL:
use the same survey (minimise complexity and cost)
use different data, complementary physical effects A different systematics

ACG and WL are P(k,z) explorers:
both probe power spectra A can be used also to probe dark matter (neutrino)
and inflation (non-Gaussianity and fy, )

Euclid Corfu, September 17, 2012



The Euclid Machine

External
Photometry
External
Spectroscopy

l

Euclid
Consortium

Space Euclid VIS and NIR observer of stars and galaxies

VIS Imaging NIR Photometry NIR Spectroscopy

Planck, other

Cosmo. Simul.

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

Dark Matter and Galaxy
Power Spectra with look back time

Cosmological explorer

of gravity and fundamental physics

!

Legacy

Science

(not discussed today)

Euclid

Corfu, September 17, 2012



The Euclid Mission: baseline and options

Euclid

Consortium
SURVEYS In ~5.5 years
Area (deg2) Description
Wide Survey 15,000 deg? Step and stare with 4 dither pointings per step.
Deep Survey 40 deg? In at least 2 patches of > 10 deg”
2 magnitudes deeper than wide survey
PAYLOAD
Telescope 1.2 m Korsch, 3 mirror anastigmat, {=24.5 m
[nstrument VIS NISP
Field-of-View 0.787%0.709 deg” 0.763x0.722 deg”
Capability Visual Imaging NIR Imaging Photometry NIR Spectroscopy
Wavelength range 550~ 900 nm Y (920- J(1146-1372 | H(1372- | 1100-2000 nm
1 146nm), nm) 2000nm)
Sensitivity 24.5 mag 24 mag 24 mag 24 mag 310" erg cm-2 s-1
10c extended source | 56 point 56 point 56 point 3.50 unresolved line
source source source flux
Shapes + Photo -z of n =1.5x10° galaxies ? z of n=5x107 galaxies
Detector 36 arrays 16 arrays
Technology 4kx4k CCD 2k*2k NIR sensitive HgCdTe detectors
Pixel Size 0.1 arcsec 0.3 arcsec 0.3 arcsec
Spectral resolution R=250

Possibility to propose other surveys: SN and/or mlens surveys, Milky Way ?

Ref: Euclid RB arXiv:1110.3193

Euclid

Corfu, September 17, 2012




Euclid:optimised for shape measurements  consortium

Courtesy J. Brinchmann,
M 5 1 Steve Warren

SDSS @ z=0.1 Euclid @ z=0.1 Euclid @ z=0.7

AEuclid images of z~1 galaxies: same resolution as SDSS images at z~0.05 and at
least 3 magnitudes deeper.
ASpace imaging of Euclid will outperform any other surveys of weak lensing.
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Third Euclid probe: Clusters of Consortium

AClusters of galaxies: probe of peaks in density distribution
Anumber density of high mass, high redshift clusters very sensitive to
A any primordial non-Gaussianity and
A deviations from standard DE models

AEuclid data =
A60,000 clusters with a S/N>3 between 0.2<z<2 (obtained for free).
Amore than 104 of these will be at z>1.
A~ 5000 giant gravitational arcs

A very accurate masses for the whole sample of clusters (WL)
A dark matter density profiles on scales >100 kpc
A direct constraints on numerical simulations.
A 300000 strong galaxy lensing + 5000 giant arcs
A test of CDM : probe substructure and small scale density profile.
ASynergy with Planck and eROSITA

Euclid Corfu, September 17, 2012
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Cluster with Euclid V‘|S+N|S i_m_aging Consortium
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Weak lensing and Euclid

Euclid Corfu, September 17, 2012



Euclid

Gravitational deflection of light Consortium
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The Mew York Times
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Gravitational deflection of light Consortium

Projected
gravitational
potential

: Light's
snnes OIS

g7 3 e
D
\ / OoS
Angular distances: «<——1
A RedShIftS Zs, ZL OL ; T:;Eu];ﬁ:zﬁlﬁfzmam
A C08m0|Ogy The Mew York Times
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Gravitational lensing effects on lensed sources Consortium

Mellier 1999

Euclid Corfu, September 17, 2012
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Gravitational lensing effects on lensed sources Consortium

Almage multiplication
A Image postions, image parity, time delay, flux ratios
AMagnification (size)

Almage distortion (shear)
Mellier 1999

Euclid Corfu, September 17, 2012
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Assuming galaxy orientations
are randomly distributed

Dark matter

—
g|~02

Real data:
g; ~<0.03

Kitching 2010

Euclid Corfu, September 17, 2012






- Cosmic shear by large scale structure

The intervening dark
matter “lenses” the light
from distant galaxies.

\\\.\ l ' Colombi, Mellier 2001



. . lid
Cosmological Weak Lensing Consortum
Light propagation in the inhomogeneous universe

ds?=c?dt?- a2(t) [dw? + f, 2(w) du?]

Perturbed light ray

Deflection angle:

(o)
Unperturbed light ray

2

#]
= ] vJ_'I} dl .
et Jg

Angulsr distance

Power spectrum,
Distances/Geometry growth rate of structure

Gravif
(w— w’ ) [k B')0 [fx (W) 8;0'],
Keff = @ () - il dw

ACosmic shear can « see » P(k,z)

ADark matter and dark energy properties in the universe

Euclid Corfu, September 17, 2012
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Cosmological distortion field projected on the sky,,




Euclid

Cosmic shear = the DM power spectrum Consortium
Geometry Large Scale Structure
T fele '
Cii(€) = drW.. 7 (r)Pss | ———: T
L) ( ) ) 17 ( ) S.Ii; (T) :

Lensing Power Spectrum

Ue+1)C,/2m
5x10°10 ©x10%5x107C

Light paths integrated i
Over source to observer 7
10 100 1000 10*

Courtesy Tom Kitching ¢ http:/ /icoame.arg

Euclid Corfu, September 17, 2012



Cosmic shear with HST data Consortum

Massey et al 2007
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AShear measured from the ellipticity of galaxies
ACosmological lensing signal derived from the 2-points shear

correlation functions

ABut: very weak signal é

Euclid Corfu, September 17, 2012



Cosmic shear tomography: P(k,z,W) comsortium

Probing the evolution of cosmic structures with time

Source plane z,

—____ | Source plane z

g(e+1)C,/(2m)

105

SIMULATION: COURTESY NIC GROUP, 5. COLOMBI, IAP.
Colombi, Mellier 2001

Euclid Corfu, September 17, 2012



- need redshifts Consomtm

6.5bn yearssago
Sbn years ago L

3.5bn years ago

NASA/ESAMASSEY

The achieve our science goals we need to measure the matter distribution as a
function of redshift: weak lensing tomography requires redshifts for the sources.

Euclid Corfu, September 17, 2012
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Challenge 1: measuring very weak shear Consortium

Figure from Kitching et al. 2012
) atmosphere and telescope optics

Z{-"/ . Rﬂalisaﬁon on detector
|

Stars

Need to measure shear to 103

Measuring very weak shear with the same accuracy on 2 billion
galaxies, over 15,000 deg? and with the same instrument
during 6 years

Euclid Corfu, September 17, 2012
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Challenge 2 : importance of redshifts Consortium

HST/ACS credit NASA/ESA HST/ACS; credit NASA/ESA Dietrich et al 2012 Colombi/Mellier

Cosmic shear

Redshifts of sources and lenses are needed

Euclid Corfu, September 17, 2012



Importance of redshifts G

HST/ACS credit NASA/ESA HST/ACS; credit NASA/ESA Dietrich et al 2012 Colombi/Mellier

Cosmic shear

Cosmic shear tomography
redshifts are also needed to
ASlice the universe
AClean contamination by
intrinsic alignements of
galaxies

Redshifts of sources and lenses are needed

Euclid Corfu, September 17, 2012
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Spectroscopic redshifts: ok for < 107 galaxies  consorium

ACFHTLS : VVDS with VMOS,
A32,000 redshifts to 1=22.5 over ~15
deg?, (Garilli et al 2008)
A15,000 to 1=24 over ~1 deg? (Le
Fevre et al 2005)
- A1000 redshifts 23<1<24.75 over
ul | ; l o 0.15 deg? (Le Fevre et al 2012)

ESO PR, Le Févre et al 2006

-II l
. 5“ - | ACFHTLS : VIPERS with VMOS:
ﬂ"l—'-' : ~100,000 redshifts to 1=22.5 over 25 deg?
e . il _ (Guzzo et al 2012)
-{ RN Al
< 4 4F -—
o T e— L Ll ACOSMOS : z-Cosmos with VMOS:
e | b L -|'u"u' A- 20,000 redshifts to 1=22.5 over 1.7
.‘H- - I+ | -I AN .. Fii deg? (Lilly et al 2009)
’ ' A~10,000 redshiifts B<25.25 color

selected, over 0.9 deg?

€ but not feasi ble to get spectrosc:

Euclid Corfu, September 17, 2012
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Photometric redshifts Consortium

Image simulations:
Euclid + ground based data

Z npl=ILs
z_phot=1.29

Euclid Corfu, September 17, 2012



Photometric redshifts with Euclid: need VIS+NIR conssrium

b -

Photo-z vs. spec-z (deep optical) Photo-z vs. spec-z (deep optical+IR)
£ 175 <i <240 ] 5[ N=1989 ]
- / ) L Tauap=0.034, median=-0.005 ]
4;—‘% ' o / ] 4 N>50=07, 5% g ]
4 / - ] 3r . ]
R ,{ E 2: , HDF-S (80) v 1
. Nea= 5936 G

Ws-1054 (271w ]

&

" n= 3.62% -

_ 1 - i *  CDF-S (1395) o |
o= 0.030 | - " MUSYC (137) a |
HDF-N (108) o |
¥ ?
L el 0' . L P SIPINE TRNE PO PO
1 2 3 4 o B

1+25 0 1 2 3 4356

Coupon et al. (2009) zSpEC

Courtesy:H. Hildebrandt
Brammer et al. (2008)
Eucli d weak I ensing wil/| probe the | en

A both visible and near infrared photometry are needed for photometric redshift

Euclid Corfu, September 17, 2012
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Current cosmic shear surveys Consortium

CFHTLS - CFHTLenS survey 2006-2012
CFHTMegacam Ground-based survey
154 square degrees to median z=0.8

See Kitching et al. 2012, Kilbinger et al. 2012, Simpson
et al. 2012, Benjamin et al. 2012 for cosmological
results

COSMOS/HST 2006-2012: 2 deg?

Next generation 2012-2017
KIDS/VIKING: 1500 deg? with VST + VISTA

Dark energy Survey 5000 deg?
HSC with Subaru 2000 deg?

Euclid Corfu, September 17, 2012
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The Euclid mission

Euclid Corfu, September 17, 2012



The Euclid mission Cotoetd
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Soyuz@Kourou
Q2 2020

VI-RSU |

r
|

One'léaf" sh'utler
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Euclid Mission
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Trackers
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Q2 2020

/

- % \ X
N NN
6y
Deep+Wide

Euclid Mission



Data products and releases S

A First release Level Q (Quick) 1T
data release: 14 months after |’

the start of the survey (TBC) y | ELRelese styewof O deta - Tortd o |
A ‘_| Release 1styear of L1, L2, L3 data -~ T0+26 mo
Release 2nd year of LQ data
A First complete data release: < - = | Release 2nd year of L1, L2, L3 data— T0+38 mo
26 months after the start of ¢
the survey Gorrrnrersanes

A Then yearly releases

\/M ission timeline in years

Euclid Corfu, September 17, 2012
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Telescope and instruments

Euclid Corfu, September 17, 2012



Main requirements to design the mission

Euclid
Consortium

Wide survey | Deep survey AWL and systematics
S
urvey J/0[7.3“ _ (1 +m)>< }/Irué‘ +c
size 15000 deg 2 40 deg 2 N/S
frue obs 2
VIS imaging Cf - [1 + 2<m>] X C’ +<C>
Depth Ngay >30/arcmin 2 | Mg = 26.5 m<2x107: multiplicative bias
A M, =245 A ) . i
A <z>~0.9 O ﬁ<c'>< 107" : additive bias
PSF size knowledge 0 [ IR%<103
Multiplicative bias ( <2x10 -3 A Small PSF
u X . .
in Sthe ] A Knowledge of the PSF size
Additive bias in Gl c] <5x10 A Knowledge of distortion
shape A Stability in time
Ellipticity RMS Gl e] <2x10 A External visible photometry for
photo-z accurary: 0.05x(1+2z)
NIP photometry (+ Methods to correct distortion)
Depth 24 M g 26 M g
TERvrre— AGC and GC systematics
Flux limit 310 16 510 17 A Catastrophic z < 10%
(erglcm 2/s) A <z>/(1+z)<0.002
Al ha =St A Understand selectionA Deep field
Purity >80% >99% ACompleteness
Confusion 2 rotations >12 rotations APurity
Euclid Corfu, September 17, 2012



Current optical design ST

Telescope:
1.2 m Korsch , 3 mirror anastigmat, with a 0.45 deg. off-axis field , f=24.5m
Optically corrected and unvignetted FoV : 0.79 x1.16 deg?

VIS and NISP: share the same FoV (0.54 deg?)
Dichroic beam splitter at exit pupil : Visible and Near Infrared observations in parallel

Euclid Corfu, September 17, 2012



Euclid

Telescope and payload module Consortium
Typical telescope mechanical Payload block  _ _telescope
architecture diagram . R : — s Glanceculical pell
I AOCS optical path
l ! | » Scientific raw data

AOCS raw data

* Control signal

M2 and Focalisatie

"2 frlﬂ'lt s“t'm -
LB BN | t'-II-“.E..El- LB ]
|
I [ : st |
: l i - : I VIS Optics(fold) :
Ultra Stable -
M1M2 truss | by e I I 1
I T | : v PN
| | o]  Shutter I
M1 | #| Grism wheel | | | FGS FPA
| I I I ' 1 ]
| ol 1 I L] wiseea 1
1 [ | |
Optical | N I 1 1
Bench | »| NiSPFRA I I 1
| I ! I
| I ! |
I I I v I
I NISP processing I I VIS processing I
| and control unit +PSU | : and control unit + PSU 1
| | I
| ] S ! S|
e s > SVM
Note: pointing error in spacecraft x,y direction FGS FPA = Fine Guidance Focal Plane Array:

= 25mas over 600 s. mounted on the VIS FPA and part of the Attitude

Reference: Laureijs et al 2012. SPIE. and Control Orbit System (AOCS)

Euclid Corfu, September 17, 2012



VIS Instrument Consortum

large area imager - a ‘shape measurement machine’

36 4kx4k CCDs with 12 micron pixels

0.1 arcsec pixels on sky

bandpass 550-900 nm -

limiting magnitude for wide survey of magAB = 24.5 for 100 (extended)

data volume — 520Gbit/day
o ‘ Cal Unit

@

WARM Command and
Filter Slice (x6) Power and ) Data_
Mechanisms rocessing
HK Hormess Bracket Control Unit Unit

CCD
detectors

Focal Plane
Assembly
Narrow band filters

(color gradient)
A Suppressed .

Euclid Corfu, September 17, 2012
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NISP Iinstrument

SiC

Structure Assembly (SA) & Thermal Control (TC)

Camera Lens

Corrector Lens Assembly (CaLA)

Assembly (CoLA)

\r_.

i,

w7

pl—

Grism Wheel Assembly (GWA)

Temperature
140K

A 16 NIR 2kx2k H2RG detectors

Filter Wheel Assembly (FWA) Calibration Unit (CU)

A 0.3 arc/pixel

A 4 Grisms (2 blue, 2 red, rotated
by 90 deg.) ;

A 3 NIR filters: Y, JH

A Telemetry= 180 Gbit/day

Photon - Electron Conversion

16 H2RG DETECTORS @ <100K+ ASIC
Sidecar@140K (provided by ESA/NASA) |

0 12 1.4 16 8 20
Wavelength (um)
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Performances:

ASurvey,
Almages,and observables
ACosmology

Euclid Corfu, September 17, 2012



NISP+VIS field observing sequence Consortum

Total Field of View observation time (time between 2 fields observations):
*Reference Case =4 x973s+ 3x 755+ 350s =4467s ‘ Reference Field Sequence = 4500 s

Dither 01
Dither 02

Shutter | VIS
10 5 565 s

NISP GWA FWA Stab Y FWA Stab ] FWA Stab H
565 s 10 s 10 s 10s 1215 10 s 10 s 116 s 10 s 10 s 81s

Euclid Corfu, September 17, 2012



Optimal sky coverage for a fixed-length survey Coﬁsggﬂﬁhm

<00 LEHSng ....... - 1 500' .C{)mblTlEd - - ]
180 & : ' ] 480 | .
. Galaxy Clustering ' [ '
160} 460} '
E | 3 440/
140 | = i
[ 420+
120, w0t Il
1000 TR 380CL. . .. ... Lo
12 14 16 18 20 12 14 16 18 20
Area/1000 sq deg Area/1000 sq deg

AWith 15,000 deg? for for GC and WL: optimisation for a fixed time survey.
AAllows Euclid to do WL and GC simultaneously on the same area.

WL.1-1& GC.1-1 Surveyarea >15,000deq >20,000deq
WL.1-2 Numberdensity >30 arcmin? >40 arcmin?
WL.1-3 Meanredshift >0.8

Euclid Corfu, September 17, 2012



e
Euclid Deep+Wide surveys feasible in 5.5 years c feoiim

|
1 ars ‘_]Iranuﬁ |

|

|
[

N - Courtesy Jerdbme Amiaux,
5 - 7 Roberto Scaramella
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NISP Performance: images/spectra/redshifts Consortium

Courtesy Anne Ealet, Knud Jahnke, Bianca Garilli, Will Percival, Luigi Guzzo

1 deg2 of the sky simulated and propagated through end-2-end
Euclid spectroscopic simulation

True vs. measured redshift

Shows can meet the required n(z), completeness and purity

All performances have been verified at image simulation level

Euclid Corfu, September 17, 2012



