TES
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EUCLID VS. SKA

Competition or Synergy?

Bt

| ots of material credited to Euclid Consortium, ESA, ECSURYV etc

& lid
R. Scaramella-SKAITA-3 Dec 2018 / euctt



Recall Euclid in a nutshell:

- Visible imaging (PSF ~2 x HST), AB=24.5 @ 100
* NIR Photometry (y, J, H), AB=24 @ 100
- slitless spectra (Ha z=0.-1.8)

» wide survey 15,000 sq legs

» deep survey 40 sq degs 2 mags deeper
* 6 yr mission

+ ~1300 members

» costs up to 1G€ (ESA+NASA+Nat ISpace Ag+institutes)

Today
* SOmMe reminiscences
» Brief, (mostly cosmological) highlights

R. Scarame Ila-SKAITA-3 Dec 2018



ome Jurassic memories from previous meetings

R. Scaramella

INAF Osservatorio di Roma

-SKATItaly June 2012-
Old timer...

Interested since long in two fascinating projects:




some Jurassic memories from previous meetings

GIORM ATB  SIKA —(OFAK 2006

1) G RAzZIE O] TARTECIPARE
2) scoPo WFORMAY TVO  + ST)0/ 0
3) Rivelvz/ove CLLTURALE

G4) RELA X . ..
. Dats  29-11-2006
la Repubblica e

Foglio 1 / 3

{(Enviromental L'auto viene crivellata di colpi, che ore prima, il furgone ucrai-
L’INCHIESTA - éz’ rime protec- all'altezza del posto di gui(sa. no che, scnimanahncmc, da
) ion program) nel lunotto posteriore. Un Leopolirifornisce gliambulan-

che egli dice proiettileloferiscee, ricoverato ti ucraini dei mercati di Tera-
essere«organi- al“Maresca” diTorredel Greco, mo, Pescarae Napoliéinpanne
smo  sussidia- il pregiudicato & accusato di davanti a una autofficina di

Le ﬁ'ott()le riodell’organizzazionemaritti- tentato omicidio plurimo. Al Udine. Nella notte il carico vie-
ma internazionale dell’Onu». .o Ito @ sl tesce ¢ ne trasferito suunaltro furgone

. Soprattutto, riceve da Paolo SF( “’f"(, L‘d',io, o ;‘ll 3&“,"1" bloccato dalla poliziaa Teramo
dl Scaramella Guzzanti — come egli stesso | '}'}U‘_“ﬁfr‘. che quen l'.‘“(f ? e qui — quale sorpresa — trale
racconta a verbale il 14 ottobre ** :-f' Suld LO"‘“.LI{V‘?.F"P. ! ,ptl’(" centinaia dicolli con indicazio-

2005 alla sezione investigativa Lina "”3'9},“’_ e e L .

to uccidere Scaramella. Al con- niin cirillico, ¢'¢ un unico pac-

Consulente del commissariato “Dante” di trario, furono le body guard di  co con caratteri latini e, dentro
T, . et : «dele- Y ’ - Yy sUdra d ; s ; ALy e U
"\".p()h.. e 1n_(.d'rlu,:'d| ‘ d."!“ Scaramella a tentare di elimi- auel nacco — ohibo — c¢i sono

Sospettato di traffico (l’a?(

Mantovani:

frottole: tell tales, balderdash, boloney, guft
R. Scaramella-SKAITA-3 Dec 2018 {@




some Jurassic memories from previous meetings

STh Ve  oSE ITALANE

) SkA  : PARTECIPLAMD AL PIOTECT
&Fz—’%t posizionN/  NE |
CQM/jafj D/MUSTIRA TOR E

BEST NMEL FPROGESTU W@pw
SKADS /FP&) POl 1/?72

- TRARE
2) JOFAR, . TEMTATIW DI BV

s A) vRGRRDE CAOCEDECIOR,
R4 ) ST AZZQ/VF ST HEDIc A
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The Soldier Who Wouldn't Quit 2006

On December 17, 1944, the Japanese army sent a
twenty-three yvear old soldier named Hiroo Onoda to
the Philippines to join the Sugi Brigade. He was
stationed on the small island of Lubang,
approximately seventy-five miles southwest of Manila
in the Philippines, and his orders were to lead the
Lubang Garrison in guerrilla warfare.

As Onoda was departing to begin his mission, his division commander told
him, "You are absolutely forbidden to die by your own hand. It may take
three years, it may take five, but whatever happens, we'll come back for you.
Until then, so long as you have one soldier, you are to continue to lead him.
You may have to live on coconuts. If that's the case, live on coconuts! Undcxj
10 circumstances are you tw.'oluntawums out that
Onoda was exceptionally good at following orders, and it would bel29 years
before he finally laid down his arms and surrendered.

Salvati: “where are the coconuts? At least give some: we haven’t seen them!
' Luckily we did not have to wait for 30 years!!

@i} o | TNFN
oge?tz;cl}gﬁgziole D%b :):zv\* O\F\? R. Scarame"a'SKAlTA' 3 Dec 201 8




Global landscape & nominal timescales (@~2015)

Radio Astronomy in Europe:
Up to, and beyond, 2025

F

A report by ASTRONET’s
European Radio Telescope
Review Committee

o

ERTRC report:
Final version — June 2015

Aalto, Susanne
Alberdi, Antxon
Corbel, Stéphane
Dettmar, Ralf-Jirgen
Fender, Rob
Gabuzda, Denise
Grewing, Michael
Hessels, Jason
Scaramella, Roberto
Wijers, Ralph
Zdziarski, Andrzej

agenzia spaziale
italiana

SKA

ALMA
NOEMA
JWST
WFIRST
Euclid
Gaia
LSST
E-ELT
NICER
E-Rosita
Athena
Fermi
CTA
Icecube
alLIGO
VIRGO

L3 [eLISA]
Einstein Tel

2020

& Design

2025

M Construction

2030

. Operations

R. Scaramella-SKAITA-3 Dec 2018
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X-rays
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Grav Waves




SKA1 vs SKA: All HUGE projects have in common:
delays.. delays.. delays.. delays.. delays..

Now launch=2021

Expected
timeschedule

Instrument PFM Delivery 1
Instrument PFM Delivery 2
instrument PFM Delivery 3
PLM ntegration & Test

SVM 1 AVM interface itesting

Science projects launch delay history M. Healy — ESA

PLM PFM Delvery

Satelite integration test

i

XMM-Newton
ISO
STSP
Huygens
Herschel/Planck
GAIA
Solar Orbiter

Figure 7.3: Preliminary schedule for PLM

Problems:

- competition from ground (and space too!)
Integral
Rosetta
MEX
VEX
Euclid

* technical aspects (imaging + spectroscopy)
* costs

* huge data flow and complex analysis 2009
«USA ?

R. Scaramella SKADS Limelette Nov 2009

JWST
LISA Pathfinder

BepiColombo .

< 2 years 4 - 6 years > 6 years

agenzia spaziale > R. Scarame"a-SKA"A-3 DeC 2018
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Here highlight just a few items, mostly
related to Euclid (i.e. no EOR)

Vey recent and comprehensive work
(e.g. ask Stefano Camera or Matteo Viel)

Cosmology with Phase 1 of the Square Kilometre Array

Red Book 2018: Technical specifications and performance forecasts

This is the stuff
that makes up
everything we
can see and touch
- all the dust,
asteroids, comets,
planets, stars,
galaxies and you

Square Kilometre Array Cosmology Science Working Group: David J. Bacon'!, Richard A. Battye®*, Philip okl

Bull®, Stefano Camera*®%2, Pedro G. Ferreira’, Ian Harrison®”, David Parkinson®, Alkistis Pourtsidou?,
Mario G. Santos*!%!!, Laura Wolz!>*, Filipe Abdalla'®!*, Yashar Akrami'®>1¢, David Alonso’, Sambatra
Andrianomena®!%!7, Mario Ballardini?, José Luis Bernal'®!%, Daniele Bertacca?>3¢, Carlos A.P. Bengaly®,
Anna Bonaldi?!, Camille Bonvin??, Michael L. Brown?, Emma Chapman?3, Song Chen?, Xuelei Chen?*,

1apew 3|qIsiA

and me
Steven Cunnington', Tamara M. Davis?®, Clive Dickinson?, José Fonseca®3%, Keith Grainge?, Stuart ‘ )
Harper?, Matt J. Jarvis”?, Roy Maartens!?, Natasha Maddox?’, Hamsa Padmanabhan?®, Jonathan R. X! The dark side of matter
: 23 : :18 : . +13,29 : 2 : 41,30 sk o doesn’t interact with light,
Pritchard“’, Alvise Raccanelli-®, Marzia Rivi , Sambit Roychowdhury“, Martin Sahlén””, Dominik J. <o It 15 Invistble. W car

detect how its gravity

Schwarz3!, Thilo M. Siewert3!, Matteo Viel®?, Francisco Villaescusa-Navarro®?, Yidong Xu?*, Daisuke
affects visible matter. It is a
bit like visible matter’s

Yamauchi3?, Joe Zuntz3®
invisible friend - helping to

Affiliations listed after references :
hold the galaxies and
clusters of galaxies together

While dark matter

holds stuff together,
Da rk energy dark energy is pushing

o everything apart. It is
P 0 causing the Universe’s
expansion to speed up.

The more space
expands, the more

v”/ dark energy there is

Copyright: STFC/Ben Gillilant

agenzia spaziale > R. Scal‘ame"a-SKA"A-3 Dec 2018
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Planck Collaboration Cosmological parameters!14!

Description Symbol Value

Qy, h? 0.022 30 +0.000 14

Physical baryon density parametert@l

Physical dark matter density parameter(@] Q¢ h? 0.1188 +0.0010
mC‘;ZI::n' Age of the universe 13.799 +0.021 x 10 years
ACDM m O de] para- Scalar spectral index 0.9667 +0.0040
meters : :
o-00enpe 2 2 Ko
Reionization optical depth 0.066 +0.012
Total density parameter!P] 1
Equation of state of dark energy -1
Fixed Sum of three neutrino masses 0.06 eV/c2lcll13]:40
para-
M n m meters E:ffergg\éi rrrl1umber of relativistic degrees 3.046111131:47
any parameters
) Tensor/scalar ratio 0
l f Ph . Running of spectral index 0
Ots O ySICS Hubble constant 67.74 +0.46 km s~ ' Mpc~!

Baryon density parameter[b] 0.0486 +0.0010[€]

Dark matter density parameter[b] 0.2589 +0.0057T]

Planck

Matter density parameter®]

Dark energy density parameter(®!
Critical density

Fluctuation amplitude at 8h~ Mpc
Redshift at decoupling

Age at decoupling

0.3089 +0.0062
0.6911 £0.0062
(8.62 +0.12) x 10727 kg/m3ldl
0.8159 +0.0086
1089.90 +0.23

377 700 +3200 years!17]

Redshift of reionization (with uniform prior) 8.5 +]'?[18]

Parameter values listed below are from the Planck Collaboration Cosmological parameters 68% confidence limits for
the base ACDM model from Planck CMB power spectra, in combination with lensing reconstruction and external data
(BAO+J LA+HO).[13] See also Planck (spacecraft).

O
@il
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Synergy with Planck: Universe @z~1000 vs @z~1-3
. / R. Teyssir — Fu-skyweak—lensing siulation with 70 bilio T

o N
g n e

R\‘A‘A; B
QR S

o

WL sims: <17 pixels

OO - . | '

£ :
| B (' Dynamics ) %
_ g% : E

( Geometry )

CMB era

Most of the DE N 5
effects happenat ™ .

02 ] 200

Zhe 3 :

0 I3 10 100 1000 0 1 3 10 100 1000

z L
Figure C.1: Effect of dark energy on the evolution of the Universe. Left: Fraction of the density of
the Universe in the form of dark energy as a function of redshift z., for a model with a cosmological

Need also d'Ynamics to constant (w=-1, black solid line), dark energy with a different equation of state (w=-0.7, red dotted

3 line), and a modified gravity model (blue dashed line). In all cases, dark energy becomes dominant
further dlsentagle in the low redshift Universe era probed by DUNE, while the early Universe is probed by the CMB.
Right: Growth factor of cosmic structures for the same three models. Only by measuring the
geometry (left panel) and the growth of structure (right panel) at low redshifts can a modification of
dark energy be distinguished from that of gravity. Weak lensing measures both effects.

, @@ euai
@I;NI R. Scaramella-INFN-Roma1-18 June 2018 @ i

Low redshift
CMB era
g

High redshift

{pe

A
\\©

*
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*
&
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Does gravity follow standard G.R.? Need experiments with high sensitivity/precision....
(cf. L. Amendola, M. Kuntz, et al Theory SWG, Living reviews)

ds* = a*[(1+ 2W)ds* — (1+ 20)(dx> + dy* +dz*)]

At the linear perturbation level and sub-horizon scales

The most general (linear, scalar) metric at
first-order

Full metric reconstruction _ . , Wy _ 2

at first order requires 3 functions » modified Poisson’s equation kY = —-471Ga Q (k , a) L., 5m
O+Y

H(Z) (D(ka Z) \P(k, Z) " non-zero anisotropic stress 77(](, a) = T

std matter g . .
Modified Gravity at linear level
m /W . O(k,a) =1
standard gravity n(k,a)=0
Std graVIty, 0a) = G 2AF+F") Boisseau et al. 2000
n o N 2 A viva et al. 2004
new matter scalar-tensor models FG,,, 2F +3F e S 0a
n(a) = F? L.A., Kunz &Sapone 2007
F+F”
Y X G U f(R) (@) G 1+4m akzzR @ m% Bean et al. 2006
— — a)= 2, na)= 5 Hu et al. 2006
uv uv Hv FGey 1+3m— 1+2m—= T;lu_?ikzwa 2007
a
1
. Q(a):l——; B=1+2Hrwy,
o DGP ﬁ Lue et al. 2004;
NeW graV].ty, n(a)=—— Koyama et al. 2006
3 1
/ std matter ﬁ
= coupled Gauss-Bonnet Oa)=... see L. A., C. Charmousis,
n(a)=... S. Davis 2006

Galaxies, BAO

i COMPLEMENTARITY’! Photons, WL

@assive particles respond to W tﬁlassless particles respond to (D—‘P)

Need to break degeneracy:_use ' 5
ir%vth of fluctuations 5,,+(1+£)5 _ k—‘P a= vaerp (Y -D)dz -
a’ , 710 lid
euc IN FN R. Scaramella-INFN-Roma1-18 June 2018 (\(Q' =i
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Recall a few basics

a

2
H’(a)= (—j —i7k [Qma_3 +Qa +Q.a” + QXa_3(1+W)]

Evolution governed by components: H(z) < Qx, w

1 /
d
e ()= H {QRa_4+QMa,_3 + Qra? + Qpg exp{?)/ i/ 1 +w(a’)]H
(0]

Ellipses: uncertainty in parameters via
Fisher matrix. An useful approximation

(curse of dimensionality; also different
definitions). Importance of Priors
Usually use Figure of Merit= 1/Area
FoM= 1/(Awo x Awa)

to get a small
uncertainty on
power spectrum

need:
\P

2

a=(1+z)-! expansion factor
0 = density fluctuation
P(k) = power spectrum of 6(x,z)
w = p/o, y=growth index
far(z) =

» Y~0.33

=050 T T T T T T T T T =

dIn Ggr
dlna

W(Z)=Wo +Wa (l-a) ~ [Qm(2)]”

A: Wo=-1,Wa =0

Technique #2

accurate/adequate

sampling in
number of objects

large volumes to
accomodate
several Fourier

modes




Some among the possible AREAS of
interest to you (incomplete list)

® Data contamination pbs

% Photoz

® Removal/model of instrument signatures
® Simulations & replicas

® Measurements (noisy, incomplete)

“ Interpretation CosmicC rays

Point Spread Function
redshitt, ellipticity (methods & biases)
shear hields, power spectra

Figure of Merit, Fisher and beyond

Systematics is the new frontier !!

Need different probes and different experiments

A few examples ... (FOOP FOR THOUGHT) /i,@
@’ euclid

R. Scaramella SCCC21 28 May 2014 N




NIR array Cosmlc I’ayS M. Cropper, A. Ealet, K. Jahnke, S. Niemi

i

co-added frames +——
expected signal
linear fit ———

An/ At (e7/pix/s)

200 300 400

!
’@) euclid




CCD woes

R. Massey & VIS

team

Moreover: Charge Transfer Inefficiency

0.01¢5 Bright stars (S/N=300):
0.00 -

5 -0.01¢
-0.02 ¢
-0.03 &

modifies shapes! need to reconstruct

F e

AF/

-0.04 &
0.12¢
. 0.10F
0.08E
‘2 0.06F
0.04
0.02¢

0.00
0.03F
s 0.02F
&
0.01E ¥
E <
0.00F
1 '_.' e iy + ] _'-1. P g = “-' ..'_'. ",.. - £
L] s I T Rt e R I A = I iy Tl 2 s 0.06 0.08 E
& SRR A W AN e T L b " SR el 0.05 0.05 5
ralls | ety S E e AE o |
. = WA - ¥ e ' ] i, S @ ©
. PR W dey i A R T e 0.03 < 0.03 E
' ok 0 ; Pl wpms s e eI mn Ciee S 0.02 0.02 M =
0.01 il 0.01 -
0.00E{H----- et | Ml i T — e 3 0.00F----------------f----- B------ -1 =t

10 107 107® 107" 10° 10" 10* 10° 10
Charge trap release time 7 [pixels]

0.01 Faint galaxies (S/N=10):

10" 10® 10 107 10° 10" 10® 10°
Charge trap release time 7 [pixels]

10*

Figure 34 The degradation due to CTl on measurements of flux, astrometry, size and ellipticity. The curves
show the response to different trap species of a bright star (left panel) or a faint galaxy (right panels), if there
were an (arbitrarily chosen) trap density of 1 trap per pixel. The x axis is the release time of the charge trap
species, in multiples of the CCD readout clock speed such that a temporal delay of one clock cycle is
equivalent to a spatial displacement of 1 pixel. The histograms in the bottom panels show the population of
trap species in CCD204 detectors as a function of their characteristic release time in the same units, for
parallel readout (left panel) and serial readout (right panel).

jure 35 Left: Real image from the Hubble Space Telescope, eight years after launch, showing charge
iling due to CTI. Right: The same image after correction using software like that planned for Euclid. The
jarithmic colour scale in the images has been chosen to enhance the visibility of the charge trailing. Note
at the cosmic ray event trails correctly remain in the right hand image.

e r~. ocaramella SCCC21 28 May 2014

euclid



For gravitational lensing need to know very well the
Point Spread Function (blurring of images):

PSF :

L. Miller &
VIS team

©

PCA Eigen Vectors Residual PSF [P5F = Rec_P5F) :

Figure 39: VIS PSF eigenvectors and residuals as a function of number of eigenvectors used in the 5 N°20
reconstruction of a given Euclid PSF
Eiriira AN- \/IQ DQE ainanvuartnre and ae o fiinctinng of number of eigenvectors used in the reconstruction over

Tyl M= Tl =] T 1 ]
F¥5 PEF Elipscly (o1 #2) over ol Folf |II—| = r==a| r==a| I==11|
k' ok N T T S (R s 1 | =1 T== 1 | = | =1 | T
| | r 1

: [t
: il [T
: g
| . . = o | riﬁi_ _‘.7'— —‘.\I[‘..... 1l == I [
Feld X ) lrrr | r
Figure 38: Euclid system VIS PSF ellipticity vector (e1, e2) map over the reference system full FoV : rr-l = .

PSF is wavelength (energy) dependent,

so is different for blue or red galaxies!!

Also polarisation effects

Exit pupil amplitude & phase: -
low Zernike-order phase variations (@ euclid
R. Scaramella SCCC21 28 May 2014 :




Photoz are crucial, need ground based photometry

Meneghetti

, : D [11 5 D 02 0.055 0.09 cha ; : 0.23 0.27
!ﬂ.gg'i‘lg e‘ ; . R. Scaramella-INFN-Roma1-18 June 2018



Photoz are crucial, need ground based photometry

10'5_— '

Meneghetti

10”7

EN G
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N v
.
.
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g
L R -

oy e i A ROE o
SR S

Z_input=1.3
z_phot=1.29

S
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» . 3 e "
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Model systematic

effects (holes, boundaries,
varying S/N etc)

 True two-point correlation function C; will be affected by
additive bias o2.,. and multiplicative bias M

sys

PSF sizes and ellipticities
1

)

C/‘:J =(1+ Mg) Cij + Ufys

)

e |
Rpsp
2

1 vy —1
Ruc) | s——=—=21P")
+ (TI o ] ll‘)':ibllh - 1;:1(" I. . < 1)

22
LPSF
-~
22
gal

- I
.1) ¥y 1
[. J < R iil]

M=ol |

I?f’h‘l"

Weak Lensing
(VIS, WLSWG, OU-SHE)

Shear field

.
/
/
/
/
I

-\\—_————4/11
/,{\—o\\-~-//.
LTS N ——— e~ \\\\ \/-

&

!

/
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errors in PSF sizes and ellipticities (knowledge)

more simply:

S

M = o[Rpsp] [m1] + o[ Rxc] [ma]

0%ys = 0" [Rpsr] la1] + o”[Rxc] [az] + o*[epsr] [aa] + (0 [enca] + o”[enc.2]) [ad]

N NN ——
&\ -

s S —N
NN S S

~—_ Effects on

the angular
 power
it spectrum

., , ‘
R R AR & R

e A R —————

Vavenumt 7
Wavenumber @ euclid
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R.A. (2000)
The entire sky (4nsr = 41,253 deg. ?) in the optical as experienced by Euclid at Lagrangian2

= Representation in equatorial coordinates on an equirectangular projection
= The relative surface brightness of the zodiacal light versus the core galactic plane is respected
= The galactic dust is enhanced up to the Euclid threshold E(B—V)=0.08 for illustration purpose

= The galactic outer stellar disk is enhanced (|Oga rithmic scale) Background image: Euclid Consortium / A. Mellinger / Planck Collaboration
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Euclid survey

« North Ecliptic Pole

Plots by J.C. Cuillandre

» North Galactic Pole

S
S
S
o

v

@
[a)

Galaxy diffuse effects on - c  aae
the sky [dust, MW plane, 2 L T . .
zodiacal] | RS

-75°

-90°
300° 270° 240° 210° 180° 150° 120° 90° 300°
R.A. (2000)

4 _ -~
The Euclid Wide Survey exclusion zones leading to the 15,000 deg.? sky area 7 &(,Q euclid @;esa
[ Ecliptic plane [zodical light background] : +/- 15 deg. ecliptic latitude exclusion zone
Galactic plane [stellar contamination] : +/- 25 deg. galactic latitude exclusion zone

1 Absorption [dust] : E(B-V)<0.08 + holes&islands avoided by pushing locally up to 0.15 Background image: Euclid Consortium / A. Mellinger / Planck Collaboration

Straylight and very bright
stars

Dec. {2000)

300° 2710° 240" 210° 180~ 150° 120°
RA (2000)

Bright stars from the visible to the near-infrared over the Euclid area

Euclid Wide Survey : 15,000 deg.” [with E(B-V)<0.08, up to 0.15 to avoid holes&islands) Vor Nmagnitude: @2 80 o2 4
3 © The 1000 benghiadt slars s the V hand (AR, Sl range. -2 te &)
Euclid exclusion zone : 26.000 deg.’ [galactic+ ecliptic planes + reddening) B Vi 2000 beightast wtars in the 1-band (AR, full range: -2 te &)

\dremt: Vot Bright Shar Cotalog Oert & Warrn 1901 R. Scaramella - EST - 11/16/2018

Euclid Deep Fields : North=10 deg.”, Fornax=10 deg.?, South=20 deg.” H-bandt The Tere Micron AR Sky Survey (IMASS, Shretakie of ot 2006)




Euclid survey Lots of stuff on the sky

Locel group gataxies
® Nearby galaxies (2<0.01)
® VUge chuster of galasies

quite local
z2<0.01

Dec. (2000)

0'“ o . . ol!!.llll»ll‘"
. J

270° 240° R X s 120° E: > 30 0o 330° 300
R.A. (2000)

. ' - - ’(‘ eaclid @ esa
Euclid Foregrounds (5/6): galaxies from the local group and the nearby universe (z<0.01) ~

Euclid Wide Survey : 15,000 deg.” [with E(B-V)<0.08, up to 0.15 to avoid holes&istands)

Euclid exclusion zone : 26,000 deg.” [galactic+ecliptic planes + reddening) Yotal K-band magnitude: @3 83 s7 - 2

Euclid Deep Fields : North=10 deg.”, Fornax=10 deg.”, South=20 deg.” Galaxy cotelog: The JMASS Redshift Survey (2MAS), Wuchre ot af, 2017

=]
S
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~
g
Q

0.01 <z<0.06

R.A. (2000)
Euclid Foregrounds (6/6): nearby galaxies beyond the local universe (0.01<z<0.06)
Euclid Vide Survey : 15,000 deg.” [with E(B=V)<0.08, up to 0.15 to avoid holes&islands)

007 00} HMOO4 088 00
Euclid exclusion zone : 26,000 deg.” [galactic+ecliptic planes + reddening) Total K:-band magnitude: @) @5 o7 +3 1

Euclid Deep Fields : Northe 10 deg.?, Fornax=10 deg.?, South= 20 deg.? Gatesy catatoys The J0ABS Redehit Sww oy (2MRE), Mihve of 5k 2032 R- Scarame"a = EST = 11/1 6/201 8
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R.A. (2000)

The Euclid Reference Survey (SPV, 2017, green overlay) versus the Red Book limits (ground surveys)
1 Ecliptic plane [zodical light background] : 4+/- 15 deg. ecliptic latitude exclusion zone

Galactic plane [stellar contamination] : +/- 25 deg. galactic latitude exclusion zone

: Absorption [dUSt] : E(B'V)<008 + holes&islands avoided by pUShing |0C8||y up to 0.15 Background image: Euclid Consortium / A. Mellinger / Planck Collaboration

R. Scaramella-ECITA1-Roma-5 Feb 2018
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Survey coverage with ground based photometry

20" 18" 16" 14h 12" 10" gh 6" 4h 2h oh 22N 20"
+90°
A Galactic Center
1 = Galactic/Ecliptic Poles
Nearby Galaxy
+75° \‘ . T ! # Euclid Cal. Fields
+60 ° { - .
+45° i -
+30° —
+15°
=)
o
o _ COSMOS
o 0° d
U
[ )
D \\
— 15 ° \\
_ 30 ° \ 4 x:x
~45° :
—-60° , ; . ST . i«"/’
—-75°
_ 90 o o & o " . e o - & &
300° 270° 240° 210° 180° 150° 120° 90° 60° 30° 0° 330° 300°
R.A. (2000) ., _
. . « . ' L ,(‘ euclid
Expected ground-based coverage of the Euclid Wide Survey (origin/bands/overlap) € o/
Euclid Wide Survey : 15,000 deg.? [with E(B—V)<0.08] L3 DES—griz : 4,500 deg.? ] LSST main survey, ugrizy : 7,000 deg.?
Euclid exclusion zone : 26,000 deg.? [galactic+ecliptic planes]  [__1 CFIS—u: 7,300 deg.? LSST south extension, ugrizy : 1,000 deg.?

= Ecliptic isolines track the space survey started at the ecliptic poles  [___1 CFIS—r + JEDIS—g + PS—iz: 4,800 deg.? [___] LSST Euclid extension, griz : 3,000 deg.?

Ongoing negotiations with LSST

Scaramella_IST_Paris_19_Apr 2018
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Dec. (2000)

R.A. (2000)

lllustration of a Euclid Wide Survey realization (SPV2, 2017), 15,000 deg.? over 6 years - 4 o
Eucli . ) 2 Ve dd @ euclid §&
uclid Deep Fields (EDF, from north to south): 10+10+20 deg.

= Representation in equatorial coordinates in a Mollweide projection (ecliptic referential overplotted in red) Euclid Wide Survey chronology

= The relative surface brightness of the zodiacal light versus the core galactic plane is respected Yearl Year2 Year3 Yeard YearS Year6
= The galactic dust is enhanced up to the Euclid threshold E(B—V)=0.08 for illustration purpose

Background image: Euclid Consortium / A. Mellinger / Planck Collaboration

Plot by J.C. Cuillandre

R. Scaramella - EST - 11/16/2018

R. Scaramella-SKAITA-3 Dec 2018
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Spectra on the WIDE: weight map from sims

Ecliptic plane: large zodiacal

—raris_19_Apr_2018



Euclid Science Performance Verification
HUGE effort (H. Aussel & C)

e FoM and accuracy on y

are derived SPV2 Inputs
SPV2 Wide

. S
independently on the ar alax Survey
atalo atalo

and EXT
GCs side and WL side

using a Fisher matrix

formalism

e GCs:
e GCs

e RSD
e WL:

« WL

e GCp

e XC

They are combined
assuming independence.
Biases were also derived
on the WL side.

H. Aussel - SPV

Detailed simulations of data &
instrument chars starting from
large N—Body

PSF biases

N PSF
B PSF+CTI (fit)
A -l CTI (fit)

Probablity

©
[N}

o©
=

0.0 0.2
AFoM/FoM

- Measured sample
- == Target sample

0910111213 1415161.7 1.8
Redshift

euclid



1 .
_ _ FoM — —_ ~ Some Cosmology from wide
’UJ(CL) Wp =+ wa(ap CL) 0 [det(C’wo wa)]l/Q
f(z) =dIné,,/dIlna = Q,,(2)"

—From SPV2—
Euclid FoM at end of the mission: ~ 220 —> 450
(different combinations of probes, assumptions
and high k cutoff)

Experiment o0(Qm)/Qm, o(og)log | o(wy), a(wa) o(uo), o(yo) | DETF FoM PlanCK prlor bOOSts FOM

SKA1-Medium-deep 0.77 0.63 .
SKA1-Medium-deep + Planck | _ e o because freezes several

DES : : . : 0.64 0.52 : parameters.
DES + Planck

SKA1-Medium-deep xDES 0.59-) (-).48 . Here SKA1 CG FoM 1.6—
SKA1-Medium-deep xDES + Planck : . . . - - 3.3 VS 17_27 fOI‘ Euclid

ALSO EUCLID DEEP Survey!
40 sq degs ~26th mag NIR

R. Scaramella-SKAITA-3 Dec 2018




Intensity mapping 10~ —\“‘ e DX (G5 10—1_E

quite interesting SN ] g —
over a large z P . 0
range 3 :

103 : : , | . | 10-3 . ' . ' | |

0 1 2 3 0 1 2 3

Figure 10. Forecast constraints on the cosmic expansion rate, H, (left panel) and angular diameter distance, D 4(z), (right panel) for several different
experiments, following the forecasting methodology described in Bull (2016). The SKA1 Medium-Deep Band 2 Survey for HI galaxy redshifts is shown in
light blue, HI intensity mapping are shown in red/pink (see Sec. 5 for details), and optical/NIR spectroscopic galaxy surveys are shown in black/grey.

Fate of HI !!

2.0{ & SKAIM ¥ Rhee HH Noterdaeme
L Zwaan 4 Lah HH  Crighton
¥ Martin A

Help to calibrate photoz

LSST + Euclid

LSST Only
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Spectroscopic Redshift Spectroscopic Redshift

R. Scaramella-SKAITA-3 Dec 2018



HUNTING DOWN HORIZON-SCALE EFFECTS WITH MULTI-WAVELENGTH SURVEYS

Jost FONSECA,'* STEFANO CAMERA,> MARIO G. SANTOS!'®*, ROy MAARTENS'’

Multitracer techniques useful and informative

Measuring cosmic velocities with 21 cm intensity mapping and galaxy redshift survey
cross-correlation dipoles

Alex Hall''* and Camille Bonvin? '

k2dk / , , ,
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0 nAV nBV

2
¢ IU[

K K
+ 0508, Odw Z w} n 05c0hp daa (—1)!
20+ 1°

nangV 4rd?L, - 20+1  nangV 4nd?L, ;

the estimator noise. The quantity GgL,IKL arising from the integral of four Legendre polynomials is expressible in terms
of Wigner 35 symbols as

Gpi = (1" +1) (0 0 0) (0 0 0) ’ (18)
L//

Statistics, + statistics, and even more statistics....

what about ’P\/\gsios ?

R. Scaramella-SKAITA-3 Dec 2018




Summary: Euclid is nice...

but what about SKA!
Synergies, X-checks Highlight
& competition on complementarity
* BAO .
« LENSING Euclid:
* LSS ® Dark Matter

* X-IDs e Processed Baryons




