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The post Planck Universe ACDM

Post Planck Universe

e 69.4 % dark energy
e 25.8 % dark matter
e 4.8% baryons

—Confirmation ACDM

—> Cosmological constant 2, confirmed by Planck, supernovae
and BAO (baryonic acoustic oscillation )

—> No indication for a more complex explanation than €, that
can explain the acceleration of the expansion of the Unlverse

Pont2017 2



Nature of dark energy.... Where we stand...
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Reduce by 1 order the errors on DE equation of state.

Test the geometry of the Universe

Track the cosmic history of structure formation - a)
Go beyond z> 1

Does gravity self consistent with the accelerated

expansion? (modified gravity)

=> Verify that growth of structures consistent

with LCDM ?
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Exploring the DM/DE transition period : H(z)/D(z)

Expansion Rate (BAO):
> ) 1/2
@ H(:) = HO [QM“ + 2)3 -1 QDE pDE(A_’) + QK(] + :)2]
ppe(0)

Distance (SN. BAO, CMB):

o l . o160 [ dZ
L){_.:) , 173 SK {(521\1‘116)1~ . ‘
(192K |Hg)? Jo H(z')

80—

M Local Hy, Riess (2011), Freedman (2012)
@ BOSS DR11 Galaxy Ly-a, Anderson (2014), Delubac (2015)

~
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=<
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60}
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Euclid: Exploring the cosmic history with structure formation

Growth and growth rate (WL, Clusters, RSD):

(‘v// 4 HI v/ ‘ Hl 3() N Y
b + + F b + 3—? - “—)...:\[(.;,) (‘l —()

e

G =Di/a f=dIn(D)/dIn (a)

Measuring the metrics: use probes that explore the 2 potentials

ds? = -(1 + 2v) di2 + (1 - 2¢) a*() dx>

« Small scalar perturbations:
ds® = — (14 20)dt® + (1 — 26) a(t)di?

It is fundamental to have * Non relativistic particules are sensitive to:

access to both potentials » Relativistic particules are sensitive to: « + ¢

To distinguish effects + Standard GR + no anisotrotic stress: v = o

- Poisson equation /%o = —47Ga* Y p, A,

+ Modified Gravity or Dynamical DE: « = Ro
- Poisson equation: /%o = —17GQa* ) p;A;
Q(k.a),R(k a): imprints on clustering of DM, Gal and DE

Pont2017 5




Measurements = power spectrum

xX)— !
8O = PPy Density fluctuation in space
' Po " B
.r b e . - g.' e, % d .:.f
‘ . ..". ,'._ ’ ‘ . . “ .
; % f Matter power spegtrum

‘-

matter

(k Z ) _'.f.'

Galaxy power spectru

bz(k )P (k.

matter

Galaxy power spectrum
in redshift space ~

(1+,B(k z)cos” 0)’b*(k,z)P. . (k,z)

matter
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A multi probe approach

CMB

—y=
P(k)

Power
spectrum
10°3 102 107 10

Pont2017

7

k [hMpc]

O Clustering /Large scale structure (LSS) ( BAO, RSD...)
distance + ordinary matter power spectrum
+ growth of structures (access to ¢)

O Weak gravitational shear.
distance + dark matter power spectrum,

growth of structure (access to (¢+y)

d  Galaxy cluster / Voids
count, power spectrum

Spectroscopy
Redshift survey

Imaging
Photometry

Photometry+
spectroscopy






Euclid objectives

Use one mission and same data to achieve previous objectives

Nature of dark energy

» Distinguish effects of A and dynamical DE: w(a) =2 slices in redshift
* From Euclid data alone, get FoM=1/(Aw, x Aw,)) > 400> ~1% precision on w’s.

« Nature of gravity on cosmological scales
* Probe growth of structure - slices in redshift ,
- Study of 3 power spectra: lensing, galaxy, velocity = biasing
« Separately constrain the potentials (¥.9) as function of scale and time
* Distinguish effects of GR from MG models with high confidence level:

—> Absolute 1-0 of 0.02 on the growth index, ¥, from Euclid data alone.
- Use WL and RSD -» differently sensitive to 1 and ¢

Pont2017 9



Mission objectifs

Goal = -reduce by 1 order the errors on DE equation of state. (FOM GC+WL > 400)
-Test the geometry of the Universe
-Track the cosmic history of structure formation

Method =2 Observations of both expension H(z) and growth of structure f(z)
on large sky and different epochs

Key issues =» Systematic Errors -> observational strategy, reduction,simulation
=>» Interpretation -> analysis, multi probe interpretation

Multi probes =»

- Galaxy Clustering : BAO, RSD, growth of structure
- Weak Lensing : growth of structure

- Cluster counts /voids .....

- Supernovae : standard candle

Pont2017 10



Euclid strategy and space

%

Strategy: use a multi probes approach sensitive to H(z) and f(z)

—> Reduce statistical errors by a full sky coverage
—> wide field instruments
—> Same survey, same data, better control of all errors.

—> Control systematic errors using space advantages :

= High image quality

= Ultra High PSF stability over 6 years

= Infrared access to redshift > 1

= Low sky background (1000 less than ground )

(Doing the same observation on VLT/VISTA than Euclid would have taken 640
years)

Pont2017 11



Primary: Galaxy Clustering: BAO + RSD

* 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); v, H(2).

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

from spectroscopy in NIR range.

35 million spectroscopic redshifts
with 0.001 (1+2z) accuracy over
15,000 deg?

@téﬂ&d 12
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Primary probe 1: Euclid Redshift Survey

What is the expansion rate of the
Universe?

| Understanding

Dark Energy
What is the expansion rate of the
. Universe?

061

0.55

redshift

0.5

How does structure form within

Understanding
this background? energy-densny,
gravity
Qo
v,
lele C/Us;erl
: . . n
> oo rient eacension 170- <<9f What are the neutrino -
&@o masses, matter density? UnderStand”’_‘g
%’@ energy-density
&, &
@ o
& What is f,;, which quantifies non-
& nl q .
GO/ Gaussianity? Undgrstandmg
GR-horizon effects Inflation, GR
Does the potential change along
@ line-of-sight to CMB
Pont€2>€}’13}7d 13

Understanding
DE, GR




Primary probe 2: Weak Lensing

Colombi, Mellier 2001

Cosmic shear over 0<z<2

*Probes distribution of matter (Dark
+Luminous): expansion history, lensing
potential ¢+y .

—> Shapes+distance of galaxies: shear
amplitude, and bin the Universe into E——
slices.

Source plane z; -

- “Photometric redshifts” sufficient for
distances

Shape measurement and photo-z’s from
optical an NIR data

1.5 billion galaxies over 15,000 deg?
*shape and photo-z’s

. 101 102 108 104 108
@ ¢
Pont%{;? 14



Cosmology Weak Lensing survey

Cosmic shear by large scale structure

’ S
?1\7 ;
e

The intervening dark
matter “lenses” the light

from distant galaxies.

Pont@ﬂ’f% 15

ower spectrum, tomogf

What is the expansion rate of the
Universe?

What is the expansion rate of the
Universe?

Understanding
Dark Energy

How does structure form within
this background?

Understanding
energy-density,
gravity

What are the neutrino
masses, matter density?

Understanding
energy-density

What is f,;, which quantifies non-
Gaussianity?
GR-horizon effects

Understanding
Inflation, GR

Does the potential change along
line-of-sight to CMB

Understanding
DE, GR




7. Euclid: an ESA space mission

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

e

»Euclid is an ESA mission with a strong

scientific consortium v

» ESA provides the telescope and detectors Simiaton Toysea o 20

(via industry), the satellite, launch and
operation centers

» Countries provide the 2 instruments (VIS and
NISP) and the ground segment (SGS)

_ Shear clustering
»The ground segment and related computing et
is a very expensive and challenging aspect of =
the project e B {. i
= N
»EUCLID is under implementation an starting ECECETECET
the construction of instrument and telecope

»For a launch end 2020 e
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Euclid: organisation Cesa

Euclid Consortium f
€ucid

consortium

- 1100 members,
ECL Coord Support
EC Mission System Engineer - - 120 Labs
Cosmology WGe Cetm'elewd
* Commo Theory + Primeval Univ, Simulations WG
e o R - 13 European countries:
* Gal Clustaring * Local Universe
Calibration Working Group * Custars = Milky Way and
= CMB cross.cornn Rasolvad Stallar -
End-to-End Simulation * Streng landng Pepulations Austna, Denmark, Hamel
* Planais
+ SNsTransents
ECSupport Office Finland,, Germany, Italy,
£CCG Lead (ECL)/Mission Survey Scientist The Netherlands, Norway,
ECLCoord. Supp. .JECL Syst. Enginaer/ VIS, NISP, $G$
PV W5 /SWIG Coor/CornLoad /Cal Laad [EZE Laad A
Portugal, Romania,

Spain, Switzerland, UK
+ US/NASA and

Berkeley labs.

NN NN N N BN NN BN BN B B BN B B B B e e e e
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The ESA Euclid mission in one view

Electronics Structure

Science Working Groups
Cosmology and legacy
analysis

Science Ground Segment
(data processing)

Survey:
6 years - 15000 deg?

Ground-based
photometric and
spectroscopic data

'_mm\c»u_ { ] ’>uu-\>w-'l[ma- ]
|n-~u- Morpho & Shear v--| Lovel 3 wu—- NRSpeco  Eucidsston  NRmag  ExOwa |

EEDC =’spc ’E “1% :35& sbc =Isoc + sbC i Q
|
|
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Euclid — Spacecraft Configuration

From Thales Alenia Italy, Airbus DS, ESA Project office and Euclid Consortium

Total mass satellite :
2200 kg

Dimensions

Télescope 1,2 m: FoV: 0.54 deg? 4A5mx3mx3m

Miror in Silicon Carbide= ultra-stable:

Temp.: -150 deq. Stability +:- 0.05 deq. 4
ront2zul1/ 19



The instruments

VI-FPA (without thermal hood
on support

VI-RSU (shutter) and ft
bracket

FM1 and bracket

VI-CU (calibration)
and bracket

FM3 and bracket

Common VIS and NIR FoV = 0.54 deg?

e\
ccoars

36 CCDs,4kx4k, 12 micron pixels

0,1 arcsec pixel on sky

16 2kx2k, H2RG, 18 micron pixels

1 filter Y(R+I+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(1250-1850)
Mass 135 Kg Data Volume 290 Gbit/day
Mass 159 Kg

Pont2017 20



Euclid is under construction

Pont2017 21






Euclid is under simulation




SLACS (~2010 - HST): gravitational lensing by galaxies

-
Y

S0SS J14204 €010

SDSS J2321 0030

SOSS J1106+ 5223

»

SDES J1020 40420

SOSS J1143-0144

-

SDSS JOGS554010Y

SDSS JCB4Y 4 3824

\
»

SDSS JOO4440113

SOSS J1432463507

S0SS J1451.0210

-

S055 JOSO9+0410

S0SS JOS1240029

S055 J1032 42322

SDSS J1204 40358

SUSS J14453+0304

SOSS J1153+4612

SOSS J1218+0830

SDSS J2341 40000

SUSS J2238-0754

SDSS J1403+00056

SOS5 JI1S38+23817

SDSS J053640913

SOSS J11J4+46027

SOSS J1023+44230

S055 J2205+1422

SDSS JOO37-0942

-

SOSS IN03+2322

SOSS J140246321

S055 JI1331-0100

SOSS J728+ 3815

S0SS J1627-0053

. l

SOSS J12056.44910

SOSS J11420 000

~

»

SDES JO4641006

-

-

S0SS J12561 .0208

SDSS JO029 - 0055

SOSS J16364 4707

SDSS J21004 0022

SDSS J125040821

S0SS X959 446

S0SS JUSOO6+5100

SUSS JO322 42052

SUSS Jiezi+290

SOSS J1530 44520

SUSS J1112+0620

.

SOSS J0252+0039

SUSS J1020+1 122

.

SOSS5 J1430+4700

SO3S J1436-0000

SUSS JD109+1500

SOSNI1 41645136

SDSS J1100+45328

N

s

SOSS JO737+3218

SDSS JO2156-0813

SOSS $0935-0003

-

SDSS J03I30-0020

SDSS J1525+3327

SDSS JOS03+4116

SDSS J0008-0004

SOSS N157-0056

SLACS: The Sloan Lens ACS Survey

L. Koopmons (Kapteyn), T. Treu (UCSB), R. Govozzi (IAP Paris), L. Moustokas (JPL/Coltech), S. Burles (MIT

) Solton (U, Howai'i IfA),

www.SLACS.org




SLACS

Euclid VIS Legacy : after 2. months
(66 months ' planned)
140,000 strong lenses by galaxies, 5000:giant arcs in clusters
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- __________________________________________________________________________
NISP-spectroscopy for Euclid (2015)

s 35 million spectra with at least 3 exposures
Sas e taken with 3 different orientations and a total
i o exposure time of 4000 sec.




Euclid Survey Machine: 15,000 deg? + 40 deg? deep

Space Euclid VIS and NIR observer of stars and galaxies
12 10° sources, 1.5 10° WL galaxies, 3.107spectra Wide
NIR Photometry

Y,J,H=24.0 ; 5
Y,J,H=26.0 : 55

External
Photometry
and
External Spectroscopy

!

VIS Imaging
1,,=24.5; 106
I,5=26.5 ; 10c

NIR Spectroscopy
2 10-16 erg.cm2.s! ; 3.5¢
510 erg.cm?2.s! ; 3.5¢

Other Euclid || Cosmic Shear || Galaxy Redshift
probes survey survey
Dark Matter and Galaxy

Power Spectra with look back time

Planck, . !
Cosmological explorer of Legacy
eROSITA, ... j-=-------=- > gravity, dark matter, dark energy Science
> and inflation
Cosmo. Simul.
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Euclid wide survey

Euclid is a
cosmological survey
mission, but unlike
CMB experiments, it
will only do its
survey once!

Survey strategy is
constrained by the
number of times we
can point the

satellite!
2020 2021 2022 2023 .

VIS, NISP: % 12 billion source

T - Imaging and slitless grism spectroscopy % 1.5 billion for WL
+ Imaging . 16 2k x 2k NIR arrays '
. 865jkdx 42k CC]E) . - 0.55 deg? per field % 35 millions with
- V.04 dege pertie - 0.3” pixels on the sky
) 01 .plxels on.the sky - limiting magnitude: 24 H @50 ERERSRnER
» limiting magnitude: 24.5AB @100 | 5 10-16 erg.cm2.s : 3.56
+ 520 Gbit/day . 240 Gbit/day

Visible and infrared imaging, as well as infrared spectroscopy are obtained “simultaneously”
Pont2017 28



Euclid deep surveys and external data

+30°

vec (JZuuu)
o
o

o 6"

o IS .
-30 § : T
H H

-60°

315°
From J.-C. Cuillandre and the Survey WG

270° 225°

180°
RA (J2000)

135° 90°

3H

OH

Euclid Wide
Galactic dust

|Ecliptic lat.| < 15deg.
BN spss

O Euclid Deep

LSST main survey )

7 +90°
Dark Energy Survey B

+60°

+30°

E -30°

-60°

Deep survey
% 10 million source
% 1.5 millon for WL

% 150 000 with
spectroscopy

External data

Mandatory ground
basesd imaging in 4
bands for the WL
photoz-s of all WL
galaxies

» 1x10 deg? North Ecliptic pole (EDF-N) +
1x20 deg? South Ecliptic pole (EDF-S1)

+ 1x10 deg? at CDFS (EDF-S2)

- VIS limiting magnitude: 26.5 AB @100
NISP limiting magnitude 26 H @ 50
+Spectro 5 10" erg.cm?.s ; 3.5¢
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Data release

Implementation

Operations
2008 2012 2016 2020 2024 2028
| | | | |
Proposal selection Mission adoption Launch End nominal ¢ perations
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7
Start of
nominal

mission

Q1 DR1 Q2 DR2 Q3 Q4 DR3
~2,500 ~7,500 “ ~15,000
deg? deg? deg?

Science with Euclid will start in 2022 with Q1 and in 2023 with DR1
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Euclid : the core program

« Use 5 cosmological probes, with at least 2 independent, and 3 power spectra
« Explore the dark universe: DE, DM (neutrinos), MG, inflation, biasing

« Explore the transition DM-to-DE-dominated universe periods

« Get the percent precision on w and the growth factor y

« Perfect complementarity with Planck: probes and data, cosmic periods

« Synergy with New Gen wide field surveys: LSST, WFIRST, e-ROSITA, SKA

« Provide 150,000 strong lenses - propoerties of DM haloes at dwarf galaxies,
galaxies, groups, clusters of galaxies scales in the range of redshift 0. <z <2
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EUCLID: Exploring the DM-DE transition period

Euclid can explore the transition area with redshift survey only

]. OO L L L L O O A O A | rrrrrrrrrynrunra .| | | I | | | I | | | I | | | | T T |
:u = 0 . 6 T ]
i :
=y — - -
—~ Chn .
N E n i ]
| 90 | ‘|lu - -
' m — - —
:‘/ C " ] N i . ’(_? - ]
~ E 1~ p N
N E 1 205+ ¢ 3 ]
N E % = ’ N
:E: 8 O T '@ j — //-— w ~
- [ L o) a5 T = | I
e % o B 1 -~ T~ RSN 1
: C ) A > L ) a
o - . 9 X s P i s ]
=0 ‘i Euclid Ee Y A - 1
S \ ]2 AP AR
S '% - = - 0 .1 | 7 —
2 N T o y o
c N .- O g
~ \ N\, = T - . ﬂ
:;2 r \\\\ . (] ‘.’., . ‘.
560 [ ‘ PP g LS e 3
g ! - Fuclid 1
. - ‘7 - ~—
50 C1 L1 [ 0.3 [N . [ - ] 1
0 | 2 0 1
redshift redshift

Credit; G.Guzzo
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EUCLID : galaxy power spectrum

SDSS today Euclid expected (20% of Euclid data)

k / h Mpe™? k / h Mpe™*
0.02 0.05 0.1 0.2 0.02 0.05 0.1 0.2
T T T T T T L) T ] L) T T T T L) T T T T
SDSS—II LRGs: 0.15<z<0.5 ] L Euclid slitless: 0.9<z<1.1
0 ID — —--_+
- . -
+\\ Wo=-1.0 we=—1.0
P
7 7
A A
~ ~
C) )
| |
9-1.3 3 n'-g 5
o g o g
- E F - E [
g =8y g =8
~. E ~. :
z°f o
o f K™
« aer o] o or
=209 L =20 [
g | -l
To05 01 o015 02
k / h Mpe™!
D 1 n 1
N -1.6 -1.4 -12 -1 -0.8 . -16 -14 -12 -1 -0.8
log,s k / b Mpc™? log,o k= / b Mpc™

Pont2017 34




Performance using clustering only

~0.75 . S ——— —
Amendola et al arXiv:1206.1225 . X (2= o +11[2/(1+2)]]
flat DGP 1.0} 1
—0.80} m - I
~0.85] ] 0.5 .
-0.90¢
Y1 00
—0.95¢ -
f(R) e , ]
~1.00} 4 Sy -0.5¢
- 1.05} N
_ - 1.0t =
With Euclid redshift survey only, no WL, no Planck data - With Euclid redshift survey only, no WL, no Planck data "]
M 0as 050 055 060 065 070 0z 04 06 08 10
Y Yo
1/2-c marginalised probability regions, constant y and w 1-o, 2-o marginalised probability regions for vy, and v,
Reference = green regions Reference = yellow regions
Optimistic = blue long-dashed ellipses Optimistic = green long-dashed ellipses
__ Pessimistic= black short-dashed ellipses Pessimistic= black doted ellipses



e Euclid: Combining WL and GC power spectrum

. Dark matter power spectrum Galaxies power spectrum __
oo I | D oo e Cy @[ ’ . .
‘ E 77 Input P(k) E * S Euclid slitless: 0.9<z<1.1
23 7 s = — — — wy=-08
= | 7 *R\,\ —— Wy=-1.0
| T
\-\ -

£

£(e+1)CE
107°
I T \ T T |||||||
[ 3
| 3
1 1 ||||||I
-3 3
log,, Pcal(k) / h™"Mpe
3.5

f
A

Distance-redshift = .
relation moves P(k)'

<
- a i : Buclid slitless: 0.9<z<1.1 |
| — 0
- A = i S b 3
— F B o | ~ :\ ]
[ - 4 8 o A R SPUE o
[ R | I I [ R | I Ay & MR | 1 N l L W 3
— F L R R | T T T 7 |: al 8
N: 100 1000 10 : 2o f ;
E\H\; 10 E_ ; !4 _E I L 1 L J
=N 113334355332 . 0.05 0.1 0.15 0.2
R f te ] sl St ; y
- |J - — L £3r BOSS CMASS 4
o F | | | 3 I T 1 .
| 00 000 o -1.8 -1 * -0.8 -0.8
Wavenumber £
? Ofl 072 03
k / h Mpe™!
* Tomographic WL shear cross-power spectrum for 0.5 <z < 1.0
and 1.0 < z < 1.5 bins. * Percentage difference [expected — measured] power
* Percentage difference [expected — measured] power spectrum: spectrum: recovered to 1% .

recovered to 1% .
* V= 19 h3 Gpc3 = 75x larger than SDSS
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“/ Dark Energy analyses

Variation in time

BBl St

Lensing

0.4:_ Galaxy Clustering

0.2}
=" 0.0} x
—0.2}

_0.4'_ Buclid All
[ EBuclid + Planck
_0.6 i et an ey 1

=1.10 =1.0s =100 —0:95 =0.90

Wp

The growth rate well described by f(z)=Q,,(z)v.
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Euclid Forecast for the Primary Program

%

Ref: Euclid RB Modified Initial

arXiv:1110.3193 Gravity el s Conditions Dark Energy
Parameter 14 m , /eV e w, w, FoM

=1/(Awy X Aw,)

Euclid primary (WL+GC) 0.010 0.027 5.5 0.015 0.150 430
EuclidAll (clusters,ISW) 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: P/p=w , and w(a) = w, + w,(a,-a)

» Growth rate of structure formation: /'~ Q7; Assume systematic errors are under control
 From Euclid data alone, get FOM=1/(Aw, x Aw,) > 400> ~1% precision on w’s.

« Notice neutrino constraints -> minimal mass possible ~ 0.05 eV!

-
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Euclid Post-Planck Forecast for the Primary Program

2

1

1
| Planck TT-+lowP+text Dark Energy
| Planck TT+lowP+WL
| Planck TT+lowP+WL+Hp
' Euclid+Planck 2015 Wp w, FoM
| (x10) = 1(AwgxAw,)
___________ N 0.015 0.150 430
| 0.013 0.048 1540
0.007 0.035 6000
} 0.100 1.500 ~10
>10 >40 >400
Wo

DE equation of state: P/p=w , and w(a) = w,, + w,(a,-a)

From Euclid data alone, get FoM=1/(Aw, x Aw,) > 400> ~1% precision on w’s.

Pont2017
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Clusters of galaxies f

or
9 K anergy!

* Probe of peaks in density distribution

* Nb density of high mass, high redshift
clusters very sensitive to

» primordial non-Gaussianity and

» deviations from standard DE models Max BCG

prtant 1°0% for

i

* Euclid data will get for free:

eROSITA

* A-CDM: all clusters with M>2 .10"4 Msol 1000
detected at 3-c up to z=2

> 60,000 clusters with 0.2<z<2 . 5
-> 1.8 104 clustersatz> 1.

I ﬂ”u

100

» ~ 5000 giant gravitational arcs

|

whole sample of clusters 0.0 0.5 1.0 1.5
z

h

- accurate masses for the 10

- dark matter density
profiles on scales >100 kpc

- Synergy with Planck and eROSITA
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Cosmology with clusters of galaxies in Euclid -

€UC Wd

for

k o robe
Constraints on homogeneous Constraints on fluctuations and
dark energy growth rate

w a

T e — 0.845 ' . .
: NC =55 i NC+PS 20005
[ NC+PS gmumes | ; L ;
! +known SR £ | - :k"o“" SR 222
LE .~~~ +Planck prior =1 1 0.84 | +Planck prior =3 -
[ - . 50 : [ 5c )
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Sartoris et al. 2015 arXiv:1505.02165

NC: Cluster Number counts ; PS: Cluster Power Spectrum, SR: Cluster Scaling Relation
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Cosmology with voids in Euclid

--== Planck + HST
L — — Planck + HST + SN
‘ “*.. —Planck + HST + Euclid Voids

e

C We e.xpect 1 Milfon of voids B g

e w Ll
l- - -

14 -12 -1.0 -0.8 -0.6 -0.4
Wo

Pisani et al. 2015 (Phys. Rev. D; arXiv:1503.07690)
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Need to combine all probes....

Pont2017

Planck coll 2015.

Planck+BSH
Planck+WL

Planck+WI| -RAOC/250

43

Wo

fro Q- y=0.557?

The growth rate well described by f(z)=Q,,(z)v.

0.6."I"".""‘""""'
[ Lensing
0.4} Galaxy Clustering ]
0.2} ;
0.0f x -
-0.2f -
—0zl Euclid All ]
[ Euclid + Planck ]
—0.6-....1....1....1....
=1.10 =1.08 =100 =0:96 =0.90
w.
0.60
Galaxy Clustering
0.58 -
0.56
. ‘
0.54
0.52 _
Euclid All
0.50 Euclid + Planck

0.92 0.94 0.96 0.98
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Euclid Top Level Science Requirements

Sector

Euclid Targets

Dark Energy

Measure the cosmic expansion history to better than 10% in redshift bins 0.7 <z < 2.
Look for deviations from w = =1, indicating a dynamical dark energy.
Euclid alone to give FoM,e > 400 ( 1-sigma errors on w, & w, of 0.02 and 0.1 respectively)

Test Gravity

Measure the growth index, vy, with a precision better than 0.02

Measure the growth rate to better than 0.05 in redshift bins between 0.5< z < 2.
Separately constrain the two relativistic potentials 7> , ©

Test the cosmological principle

Dark Matter

Detect dark matter halos on a mass scale between 102 and >101> Mg,
Measure the dark matter mass profiles on cluster and galactic scales

Measure the sum of neutrino masses, the number of neutrino species and the neutrino
hierarchy with an accuracy of a few hundredths of an eV

Initial
Conditions

Measure the matter power spectrum on a large range of scales in order to extract values for
the parameters o, and n to a 1-sigma accuracy of 0.01.

For extended models, improve constraints on n and a wrt to Planck alone by a factor 2.
Measure a non-Gaussianity parameter : fNL for local-type models with an error < +/-2.

) Laureijs et al 2011
DE equation of state: P/p=w , and w(a) =w, + w,(a,-a)

Growth rate of structure formation: f ~ QY ;
FoM=1/(Aw_ x Aw_) > 400> ~1% precision on w’s.




Euclid forecast: neutrinos and
relativistics species

General cosmology

Amendola et al 2013

fiducial — Y =03eV®* Y =0.2eVe YU =0.125eV? Y =0.125eV° ¥ =0.05eV? N_g = 3.04¢

EUCLID+Planck  0.0361 0.0458 0.0322 0.0466 0.0563 0.0862
ACDM cosmology

EUCLID+Planck  0.0176 0.0198 0.0173 0.0218 0.0217 0.0224

(1 -
for degenerate spectrum: m1 &~ m2 ~ ma3a: b for normal hierarchy: m3 #0, m1 ~mo ~0
g ; \ :
° for inverted hierarchy: my &~ mg, ma ~ 0; ¢ fiducial cosmology with massless neutrinos

« IfZ>0.1eV

—> Euclid spectroscopic survey will be able to determine the neutrino mass scale
independently of the model cosmology assumed.

+ If2£<0.1eV

- the sum of neutrino masses, and in particular the minimum neutrino mass
required by neutrino oscillations, can be measured in the context of the A-CDM
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Euclid data release schedule

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Missio

n
Timeli

N
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T0: Start of nominal mission (2021)

<4+ QR1: ~50 deg?
<+ DR1: 2500 deg? (first year)

4 QR2: + ~50 deg?

<+ DR2: +5000 deg?, total 7000 de

<4 QR3: + ~50 deg?

<4 QR4: + ~50 deg?

QR Quick Releases

No cosmology relevant data
products.

- Focussed releases (e.g. highly

observed sky fields, catalogs of
objects).

DR: Data Releases

- Full release of the Euclid pipeline

data products.
alidated by Science Working
roups (accompanying papers).
- Cosmology relevant.

- Will contain ground-based data but

do not supersede actual releases
by ground-based teams.

- DR1: first year of data delivered at

end of year 2.

- DR2: first 3 years of date delivered

at end of year 4

<€ DR3: +7500 degz, total 15000 de@RB: all data delivered 1 year after

Early 2028...

the end of the survey.



Euclid+ground: photo-z of 1.5 billion galaxies

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

Courtesy Euclid SWG Photo-z and OU-PHZ

10-‘ - T T T T T T T T T T T T ! T T T T T T
= -

Requirements: 5 i k(| Euclid

* get photo-z for ~all
WL galaxies

* cover the whole R
Euclid sky (15000 £ otp
deg?) i

Z_input=1.3
7 _phot=1.29

« accuracy: 0.05x(1+2)

- 4 optical bands
needed

‘sabew YIN p112N3 woJy ejep YN
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Euclid Wide and Deep Surveys

Euclid Wide:

» 15000 deg? outside the galactic and
ecliptic planes

» 12 billion sources (3-0)
« 1.5 billion galaxies with

»  Very accurate morphometric
information (WL)

» Visible photometry: (u),g,r.i,z, (R
+1+Z) AB=24.5,10.0c +

» NIR photometry : Y, J, HAB =24.0,
5.0c

»  Photometric redshifts with 0.05(1+2)
accuracy

» 35 million spectroscopic redshifts of
emission line galaxies with

« 0.001 accuracy

» Halpha galaxies within 0.7 <z <
1.85

* Fluxline: 2. 101% erg.cm2.s1; 3.50

~

-

Euclid Deep:

1x10 deg? at North Ecliptic pole + 1x20
deg? at South Ecliptic pole

+ 1x10 deg? South Equatorial field

10 million sources (3-0)

1.5 million galaxies with

Very accurate morphometric
information (WL)

Visible photometry: (u),g.r.i,z, (R
+1+Z) AB=26.5, 10.0 c +

NIR photometry : Y, J, HAB = 26.0,
5.0c

Photometric redshifts with 0.05(1+2)
accuracy

150 000 spectroscopic redshifts of
emission line galaxies with

0.001 accuracy

Halpha galaxies within 0.7 <z <
1.85

Flux line: 5. 1017 erg.cm2.s1; 3.50 |



Euclid challenges

Shape measurements/systematics

Control of both multiplicative and additive biases
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 :
Resolution
Underlying physics: e.g. numerical simulations with baryons
Numerical simulation of a large number of DE, GR models
103 to 10° simulations to estimate covariance matrices
High order statistics:
Potentials of high order statistics for DE science + Systematics
Need Spectroscopics surveys to
Calibrate deep photo-z and
Understand BAO and RSD samples
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