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The “cosmic pizza” of the 21st century: but who ordered it?

Other
Eonlummogs
b ompaongnts
DarkoEnergy Dark Matter mtcut'gzﬁac%cjgas 3.6%:
neutrings W
~ 73% © supermassive BHs 0.04%

Luminous Matter
~stars and luminous gas 0 4%
radiation O,005%:
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This diagram reveals changes in the rate of expansion since the universe's birth 15 billion

TS TR

years The more sha k w the curve, the faster the rate of expansion. The curve changes

noticeably about 7.5 billion years ago, when objects in the universe began flying apart at a

faster rate, Astronomers theorize that the faster expansion rate is due to ¢ 1 mysterious, dark

force that is )M‘nq alaxies apart
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The galaxy power spectrum

Py (k) [(h~"Mpc)°]
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Baryonic Acoustic Oscillations (BAO) in the galaxy P(k)

k/h Mpa~?

j 2016: Final measurement from BOSS-
g | DR12
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SDSS: Eisenstein et al 2005 (BOSS Collaboration 2016, arXiv:1607.03155)



Anisotropies in the Cosmic Microwave Background
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A is too small and fine-tuned: an evolving equation of state w(a)?

Friedmann equation for Universe with matter 1.5

plus component with generic equation of PLANCK+SN

state p = wx,oc2 10l

NETE

PLANCK+BAO+FS

05 PLANCK+BAO+FS+SN

e TR e

H*(a) = H? |Q,,a> + Qa’1™]

0.0

w,

i i
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[a = scale factor of the Universe = (1+2)! ] (BOSS Collaboration 2016, arXiv:1607.03155)




Distance modulus

_ Hints for a varying w(a) from high-z quasars?

~ Risaliti & Lusso, 2019, Nature Astronomy
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Baryon acoustic oscillations (BAO) as a
standard ruler

. Eudlid galaxy clustering probe -

% Sensitive to the expansion history H(z) and
angular diameter distance relation da(z)

% Test “beyond A” scenario, i.e. an
evolving equation of state

0.3

(PO _PO,smooth)/PO,smooth

I
o
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1

0.2}
0.1f

0.0f

.|....I|‘...
> < r—

00— 05<2z<0.75
A--- 04<2z2<0.6
O 0.2<z<0.5

o ~2 @
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Expansion history [H(z)/(1+z)]

' Alam+16
| SDSSIIIBOSS

Euclid

1
Redshift
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'S Euclidsw(a) forecasts: SPV?2

H. Aussel and SPV2 team, October 2018 report FoM — ( det C)—l /2

(see C. Carbone)

FoM
Model3
6=3000

v 2.0
DR3 best

FoM FoM FoM
Model3 Modell Modell
6=5000 6=3000 6=5000

v 2.1
DR1

v 2.1
DR3 secure

v 2.1
DR3 best

w(a) = wo + (1 — a)w,

The Euclid Consortium

2 2
C — O-’w()’w() O-’w() Wq
2 2
o) o)

WoWaq, Wq Waq,

14 Genova - 28 Feb 2019



Not only H(z)...

H(z) measures how the box expands
with time --> equation of state w(z)

O0+2H(1)d =4nG(p)d

In D
[ = d Linear growth rate
dln a
f(z) traces how structure grows inside coringel et al.

the box --> gravitation theory
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Growth produces peculiar
velocities, which manifest
themselves in galaxy
redshift surveys as
redshift-space distortions

real space

(Kaiser 1987)

Mock real space
2dFGRS

A o B
(29 Fevingtl
SRS o4




Growth produces peculiar
velocities, which manifest
themselves in galaxy
redshift surveys as
redshift-space distortions

redshift space

LY 2

—-150 —10 =50 0 50 OO 150

(Kaiser 1987)




Peculiar velocities distort our redshift-space maps:
~a dark energy test (2008)
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Guzzo et al, Nature 451, 541 (2008)
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% Redshift-space distortions (RSD) probe the growth rate of
structure

% Test "beyond Einstein” scenario, as alternative to A

% Note: RSD not really considered as a primary “dark energy
probe” before 2008 (see DETF 2006 report): key feature in
original SPACE (Euclid-spectro) proposal
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nature LETTERS
aStronomy https://doi.org/10.1038/s41550-018-0573-2

No evidence for modifications of gravity from /-

\i,,&‘ L

galaxy motions on cosmological scales -

Jian-hua He ©™, Luigi Guzzo?3#, Baojiu Li®'and Carlton M. Baugh!'

R+ f(R)

d*x/—
o & 16tG

v
N/
N rs, 14




|=IIIIIIII
i
HE: . SEE
T [ .

[ ||
|5 ——— L\
HEEEEEEE AV AV ALY

Light propagation through
large-scale structure
results in a lensed image

1.4.107%

of galaxies to measure ‘h&

-
-~ O~
N o
N -
2

cosmological signal at@p® R ol _
. C e \ e _
in ellipticity $ & oo | owe byt

! 6
NN >,
-1 -@\:&\

LN
RN N e e e
4, \ - .

50 100 150 200 250

6.0-10° |

Sk

% Testco &Pgrowth

5 ©
5 ° -4.0-10° Ef@ @
8.010° | l +

Fu+2008

\r o .
o - r - Y 's rF -7
et r s -7y -\ = -\~ -
y . - , AN - '
e . -
AN LY SN ~ N -~ g
- — = - ~
- - cmes ’ \
-

and expaision history R H% ot
, ,‘E 2010° | l} ﬂ i 49545, s
! T ¢
y R Rt
7 N 2010° F \ ‘ ‘
10 100
0 [arcmin]

The Euclid Consortium 22 Genova - 28 Feb 2019



(T. Maciaszek, A. Ealet & NISP Team)

12m .
L 3 >

Near Infrared channel (NISP)
|

M2M Baffle

/‘!% : -
24 .5 m focal

Korsch
telescope

r

H

4—""’/“

M1

- Entrance pupil stop

Field stop

\ 1 \ FM2
FM1 T highpass filtery

highpass filter

dichroic plate

v/
-/ M3

telescope exit

pupil
(FGS)
A S
~ VI-CU
|S = (calibration unit)
E - /o
‘\Autotests ' VI-RSU R

~ (readout shutter unit)

QOverview of the PLM sub-systems — Courtesy Airbus Defence and Space, 4
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» ) cL A
e FoV: 0.787 x 0.709 = 0.557 deg? (M. Cropper & VIS Team)

e Active area: 877 cm?2
e Detectors: 6 x 6 e2v CCDs

e Plate scale: 0.1 arcsec/pix Cectoncs trctr ;
e 609 megapixel visible camera \ !
e Spectral range: 550-920nm b s -
e Data-rate: < 520 Gbits/day Z :‘ v
R Zh
= ;
= :

The Euclid Consortium 24 Genova - 28 Feb 2019 '



(T. Maciaszek, A. Ealet & NISP Team)

FoV: 0.55 deg?

Mass: 158 Kg
Telemetry: < 290Gb/day
Size: 1Im x 0.5m x 0.5m -~ f
IR detectors: 16x 2Kx2K H2RG (Teledyne) ST .
Plate scale: 0.3 arcsec/pix i
3 Filters:

Y (950-1192nm)
J (1192-1544nm)
H (1544-2000nm)

e 4 Grisms:
1B (920-1300), 1 orient. Q9
3R (1250-1850), 3 orient. 00,900,18009

The Euclid Consortium 25 Genova - 28 Feb 2019 '



bual wide-field imagers

Relative Sizes of HST ACS Surveys

*a NISP
L’ —L —[ R —’:J " . . . .
L ’/—"d\__ -\ L
7N ]
T ‘ A b:L)/Qf J
J Vv .
g \ Y c,ooos —
GEMS
L~

] COSM%% e R

10’
VIS NISP
Pixel size 0.1” 0.3”
Dispersion - R~380, 13.4 A/pixel
“* The Euclid Consortium
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A panchromatic view

5 VIS NISP NISP grism
(565 s) (120 x 3 s) (565 s) 10
N | VIS Y
* 0.8 ;
C -
N 9o . e
n 0.6
4 x- B = Blu
g 244 gris
! (O
- \
0.2
S EERREE 0.50 0.75 1.00 1.25 1.50 1.75 2.00 . ¢
L *NISP sim does not include cosmic rays Wavelength (um) -
: : -»
*Blue grism is exposed
on Deep fields only §
g
2 10-16 erg/s/cm?2
26.5 26 26 26 21017 erg/s/cmz2

4l The Euclid Consortium 27 Genova - 28 Feb 2019 '



The Euclid° mission

G o p———

proposal Mission Launch ¢ End noming
selection adoption mission

> Soyuz 2.1B + Fregat from Kourou
and direct SEL2 transfer orbit

> Step-and-stare scanning of the sky
> Sun-spacecraft-Earth angle of 35°

> Telescope LOS normal to the Sun:
870 < SAA< 1109, -50<g<+50°

The Euclid Consortium 28 Genova - 28 Feb 2019



Euclid Wide Survey

O .
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15000 sqr deg
40 sqr deg

*» EDF-N (NEP)
*» EDF-S (SEP)
* EDF-Fornax (CDF-S)

North ecliptic pole South ecliptic pole

Mission Survey Scientist: R. Scaramella

The Euclid Consortium 30 Genova - 28 Feb 2019



~ Slitless Spettroscopy i

% Euclid original spectroscopic
concept (SPACE) used DMD’s
(yes, what ATLAS is now re-
proposing) . &3 Rt

% ESA argued technology not ' ' ‘

mature yet and forced slitless
approach (but complicating data

analysis...)
% all photons pass the grism (no e , g
. . RN . 3 : ¢ Gl T,?""ﬁhdcr
slits or fibers) ¢ Bl e
g & , d i
® No targeting required - v 'S
@ Efficiency loss due to higher AT S8 | L e
background : : ~

® Emission line galaxies are
main targets

% Euclid will be first large-scale
gpplication of this technique

HST WFC3 grism exposure
(Whitaker+14)

" The Euclid Consortium 31 Genova - 28 Feb 2019



http://adsabs.harvard.edu/cgi-bin/author_form?author=Whitaker,+K&fullauthor=Whitaker,%20Katherine%20E.&charset=UTF-8&db_key=AST

% Pushing the detection limit:

Line misidentification
Spectra confusion
Detector persistance

Foregrounds

FA I EARG ST AR A e W AU A LIS & e 007 1 s 6 in, SR o i 5 s 4 A s S S g

Bianca Garilli et al.

32

Redshift, z

\
1.25 < um <1. 85 j ;[ou] 3727
| [Neill] 3869
| ‘ Hp 4861
; ; [Olll] 4959
‘ | [O1l] 5007
e [NII] 6548 | : '
e Ha 6563 | ¢ 3
——— [NII] 6583 i - -
* [Sll] 6716 | ‘ O :
‘ géll] 6731 | 2
e [SIII] 9069 ‘ | 3
~[SIN1] 9532 ~ Stronger Lines [ <C
e P a3 w12818 | ~ Secondary Lines [ (9
0 1 2 3 4 5

e W A B ', M 0 e A . e
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. Foregrounds

(Ben Granett and e2e group) o
Extinction

% The dominant foreground contamination will be
zodiacal light and scattered light of Milky Way stars

% These will modulate the observed number density.

e |

»
& \
- ’ s E

cliptic

Zodiacal el

764.056

Galaxy count/sqr deg

0.725296 photons/pixel/s

" The Euclid Consortium 33 Genova - 28 Feb 2019




Role of simulations .

Analysis

Cﬁa 60 L 09<z<11 11<z<135 1 135<z<18
o) r o 2
TE 40 P
(] (] r .
Cosmological sim = :
V) .
- N L @ dzddo ]
Su rvey SI m u Iato r ;\::;) :_ g ZE:‘; E f)i(:e)line model _:

50 100 150 50 100 150 50 100 150
s/(h™*Mpc) s/(h~*Mpc) s/(h~*Mpc

z R N | i 4.0 3.0
i e =122 .
0 3.5 25
E(B-
AOStl'O ( hy si&fal
p S 25 S s
16000 18000

or egr ounas
1s 05

w/o redshift errors w/o redshift errors w/o redshift errors

o w/ redshift errors 10 w/ redshift errors 00 w/ redshift errors

0400 0425 0450 0475 0500 0.525 034 036 038 040 042 0270 0385 0300 0315 0330 0345
Jos fos fos

Cosmological inference

.~ | Sarvey
9.0 88 86 RA8.4 82 80 deﬁ .tion (Sllde by Ben Granett)
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D. Potter, J. Stadel, R. Teyssier



Sim box: L=3 h-1Gpc, 2 trillion DM particles

e L|ightcone:0<z<23

e Ray-traced lensing maps

e (Galaxy properties by HOD

% Cosmological Simulation
Science Working Group
P. Fosalba (Barcelona)
R. Teyssier (U. Zurich)

Genova - 28 Feb 2019



Rt B : . - A LA 2

v -uclid ‘Flag'shipa’S'iﬁ‘iu_Iatiqn; mock

All galaxies z =
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OU-SIM B, NISP pointing based on Flagship

Field X1:NIP YGH .Sﬁlmulatlon

Serrano, Ealet & OU-SIM



-

OU-SIM
Field X1: NIP YGH

Qorresponding NISP spectroscopic frame




Example simulated spectra

le—17
1 -
0 -
.
k.
&35 »
_1 4
13000 14000 15000 16000 17000 18000
le—17
- 2933822752 _
2 Pype“d 1616147587700400 ¥
z1.812
nexp_phot 4 P
1

: ottty g

. ! . . , . -»
13000 14000 15000 16000 17000 18000
2 le—17 -
—— Pypelid 5
-
z1.159
1 nexp_phot 4
0 1 | |
-1 ! ! ! ! ! !
13000 14000 15000 16000 17000 18000 -

Pypelid: Granett, Markovic, De la Torre et al.
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Simulating Ho emitters at z >0.9 .

Flagship 1.5.2 (Halpha+[NII])

] v T T L) ] Ll 1 l T ] T L) l L) || ] L] 1

n flux>2x10-18 i
—1.5x104 _— j extWISP (compl. correct) _-
N
g 5 -
o . —rlagship-model3 -
. i -
©
a0 10# ? _—
R
N [~ -
o [~ ~
N - -
'Z, 5000 |~ -
go! N i

| Model 1 i

i Model 2 i

n Model 3 |

0 ' ] 1 | ] ! ] N | ! ]
0 1 2

redshift

e Conservative H number counts: Pozzetti4+16 model3 used
e WISP counts from Bagley+18

The Euclid Consortium
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Validate expected Ha emitters density using VIPERS « -

Visconti, Scodeggio, LG, Granett, et al. in prep.

% Derive Ha fluxes from measured [OII]3727 fluxes of 53,000 galaxies in
VIPERS, using SDSS relation and accounting for stellar mass and metallicity
dependence

) o

Actual data support higher density model

% Note: Areavirers ~ 50 area(WISP+HST3D)
Ha - 0.8 <z<1.2
3 | | model 1 |
3000 3006 — j Pozzetti+16 models, model2 — |
2902 —— A integrated over model 3
. 0.8<z<1.2 SDSS A
— 25007 / g SFR m |
Ng 2606
2 2000} ‘
(©
s
X 15007
G—
A
c 1000+
500 +
0

Ha flux [1071° erg st cm™2]
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EC Science Organisation

ESA

Reportte

Science Coordination Group
Core: L. Guzzo, H. Hoekstra, T. Kitching, W. Percival

Addit./Legacy: J. Brinchmann, C. Conselice, J. Weller

GC

CLUS
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euclid

e.g. Galaxy Clustering SWG

Leads: L. Guzzo (I), W. Percival (CA), Y. Wang (US)

I

Observational Systematics M. Scodeggio (I)

Likelihood Fitting (link to IST:Likelihood) C. Carbone ()

Non-linear Effects (link to IST:Nonlinear) M. Crocce (E)

Higher-Order Statistics E. Sefusatti (I)
Additional GC Probes A. Hawken (F)
Photo-z Clustering S. Camera (I) (Jan 2019-)

—> Additionally, specific task forces and focused groups are formed when needed...



euckcﬂ

Inter-swg Science Taskforces (ISTs)

« Joint ventures involving more than one SWG

* Guarantees link and combination between single-
probe measurements

» |ST-Forecasts (closing, C. Carbone, V. Cardone)

— End-module of Science Performance Verification 2 chain
(SPV-2)

— IST:F Paper ready and being submitted to ECEB
— IST:F being disbanded after this

 |ST-Likelihood (V. Cardone, V. Pettorino, A. Sanchez)
— Combine likelihood of GC-WL and more
— Natural evolution of IST-Forecasts

— Links to corresponding WPs in GC and WL
* |ST-Nonlinear (M. Crocce, C. Giocoli, A. Pourtsidou)



A

Euclid Consortium organisation

(slide provided by Y. Mellier)

Y. Mellier /

\\\\\t\\\\&g e S a ( F. Bernardeau | el
o At o Eocid
ECL Support https://www.euclid-ec.org
ECL Support Office
ECL Coordination Support SWGs
EC Mission System Manager . .
Cosmolo ~ Lega
Mission Survey WG gy gacy
Calibration WG * Weak Lensing * Primeval Univ.
Science Performance Verification Group * Gal. Custering > G AG,N evol.
* Clusters * Local Universe + new Solar
Tracking Team * CMB cross-corr. * Milky Way and
. * Strong Lensing Resolved Stellar SYStem
SE T (I * Cosmology Theory Populations Objects SWG
EC Complementary Observations Group * Cosmological * Planets
- Simulations . * SNsTransients
EC Coordination Group
EC Editoral Board
I L _ ]
| |
VIS EC SGS
VIS Lead NISP PM EC SGS PM
VISPM Ph /Sp. IScs EC SGS Sc
VIS ISc
SGS PO.
VIS PO. T v SystTea
m
CCD Detector WG R Detector WG _ QUs | SDCs




The end
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