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6.3.4. Mission Survey Scientist

The Mission Survey Scientist leads the high-level Euclid mission activities that needs a global views and
understandings of the survey planed with Euclid, of the VIS and NISP science drivers and of the
performances of the telescope and the instrument.

This pivot position aims at strengthening the day-to-day communication between the Science Working
Groups and the instrument and ground segment scientists, as well as the coordination of transverse
scientific activities (mission definition, mission performances, calibrations, end-to-end simulations).

He/She is responsible of the definition, modeling and optimization of the Euclid survey in order to
maximize the scientific return of the mission:;
He/She is in charge of proposing to the ECL and ECCG mission scenarios and mission trade-
offs that are in lines with the core and the legacy programs, and the best scientific return to the
Euclid Consortium:

e/she has a co-leading role In the end-to-end simulations activities;
He/She is has a leading role in the Calibration working group activities;
He/She is responsible for finding and implementing the funding/manpower resources needed to
operate the Mission Survey Group;
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2MASS Redshift Survey
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Legend: image shows 2MASS galaxies color coded by the 2MRS redshift (Huchra et al 2011);
familiar galaxy clusters/superclusters are labeled (numbers in parenthesis represent redshift).
Graphic created by T. Jarrett (IPAC/Caltech)
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Since ~90 years dealing with Dark Matter mystery.....

Die Rotverschiebung von extragalaktischen Nebeln

von F. Zwicky. ’J 9 33
(16. II. 33.)
Helvetica Physica Acta, 1933, 6, 110

Fritz Zwicky (1933)

was einer Geschwindigkeit von nur 10 m/sek entspricht. Um
also auf diese Weise zu einer Erklirung fiir die grossen Streu-
geschwindigkeiten zu kommen, miisste man noch eine sehr viel
grossere Dichte dunkler Materie zulassen als unter 1. oder 2.

Fritz Zwicky (1937)

2. We must know how much dark matter is incorporated in nebu-
lae in the form of cool and cold stars, macroscopic and microscopic

solid bodies, and gases.

1937 IV. NEBULAE AS GRAVITATIONAL LENSES
As I have shown previously,® the probability of the overlapping of

Finds DM & predicts images of nebulae is considerable. The gravitational fields of a num-
ber of “foreground’ nebulae may therefore be expected to deflect the

Grav Lensing fI’OIIl light coming to us from certain background nebulae. The observa-
tion of such gravitational lens effects promises to furnish us with the
simplest and most accurate determination of nebular masses. No
orough search for these effects has as yet been undertaken. It

cosmic structures!!
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Bullet Cluster: galaxies. +

Chandra 0.5 Msec image

Cluster dominant mass component not hot
gas nor (simple) modified gravity: pr~ ps
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Integrated Sachs Wolfe

T (will use Planck)

t

Figure 12.1: Left Panel: Prediction of the ISW cross-correlation signal for different values of

the dark energy density (Q2pg = 0.10, green line; Qpr = 0.20, red line; Qpr = 0.30, blue line)

for universes with flat geometry (solid lines) and universes with open geometry and no dark
energy. The ISW signal for universes with the same matter density is larger in open universes 600
than in flat universes. The signal is calculated for a Euclid-like photometric survey. Right panel:
The ISW cross-correlation signal for different values of the growth parameter (v = 0.44, greex i -~ - SNibc ]
dash-dotted line; v = 0.55, blue dashed line; v = 0.68, e.g. a DGP model, red short dashed
Both figures are taken from Rassat (2007).
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Number per 0.1 bin in re

Physics and
cosmology from SN B
[7 F e a S | b | I | tY] Figure 16.2: Number of SNe of various types that are expected to be detected by Euclid in the

J band, as a function of redshift. Estimates for SNe of type Ia (dark blue shaded region), Ibc,
IIn and IIp were provided by A. Goobar based on assumptions in Goobar et al. (2008), using
SNe Ia rates from Dahlen et al. (2004) and assuming a 5 year survey that monitors a patch of
10sq deg at any time. These histograms represent the N(z) for SNe with sufficient sampling to
measure their lightcurve shapes (i.e. reaching 1 magnitude fainter than the peak brightness). The
light-blue shaded region shows an independent estimate of the total number of SNe Ia detections
including those only detected at peak luminosity, i.e. without full lightcurve measurements.
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Since ~20 years dealing with
another mystery.....

The Nobel Prize in Physics 2011

Photo: U. Montan
Saul Perlmutter 4
Prize share: 1/2 T

'\
|

The Nobel Prize in Physics 2011 was divided, one half awarded to Saul Perlmutter, the other half jointly to Brian P.

Schmidt and Adam G. Riess "for the(discovery of the accelerating expansion of the Universe Yhrough observations of

distant supernovae".

Photo: U. Montan
Brian P. Schmidt
Prize share: 1/4

Photo: U. Montan
Adam G. Riess
Prize share: 1/4

If so, why ?
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What is the Universe made of ?

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

Visible matter

Japeuw J|qIsiA

‘ Y The dark side of matter
- doesn’t interact with light,
Current , L so it is invisible. We can
_ detect how its gravity
° ~ Ny affects visible matter. It is a
hyp OtheSIS ' bit like visible matter’s
invisible friend - helping to
hold the galaxies and
clusters of galaxies together

While dark matter

holds stuff together,
Dark energy dark energy is pushing

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

The more space
expands, the more

\ / dark energy there is

Copyright: STFC/Ben Gillilend

The relative abundances of the three presumed constituents of mass-energy in our Universe: visible matter, dark matter and
dark enerov (Credit: STFC/Ben Gilliland)
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SNla are standard candles...not! Kilbinger
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M Redshift: z= (>\obs—>\.em) / Aem

1+z=a(0)/a(z), Rphys=a rcomov
a(t) expansion factor H=d[In(a)]/dt=a/a

RA=25.53003, DEC=-0.49495, MJD=51788, Plate= 401, Fiber=161
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S BAO as standard ruler
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Expansion and Growth Histories through Gravitational Lensing

No lensing Wejak Flexion Stralng
8 lensing lensing
T 7 Py
N Ot . '
i A O \
f '|_— _ H‘_H_Jﬂf
D= \ o Large-scale Substructure, Cluster and
R \ backgrouhd structure outskirts of halos galaxy cores
(mostly DM) galaxies Figure2.8: a. (Left) lllustrations of the effect of a lensing mass on a circularly symmetric image. Weak
lensing elliptically distorts the image, flexion provides an arc-ness and strong lensing creates large arcs
2
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Synergy with Planck: Universe @z~1000 vs @z~1-3

R. Teyssier et al.: Full-sky weak-lensing simulation with 70 billion particles

~ 2 ( Dynamics ) %:
E

S

CMB era

Most of the DE N

:
‘
(=1

CMB

. ( Geometry ) %
5

|
:

DE

effects happen at ™ S
Z < 3 ﬂn 1 3 10 100 1000 ﬂ'{'} 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 dvnamics to constant (w=-1, black solid line), dark energy with a different equation of state (w=-0.7, red dotted

. 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.
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Planck Collaboration Cosmological parameters!14!

Description Symbol Value

Qy, h? 0.022 30 +0.000 14

Physical baryon density parameterl@l

Physical dark matter density parameter@] Q¢ h? 0.1188 +0.0010
'“:IZI:‘:“' Age of the universe 13.799 +0.021 x 10° years
ACD M mOdel para- Scalar spectral index 0.9667 +0.0040
meters _ :
o000 pet B 2aan 80

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-
meters | Effective number of relativistic degrees

Many parameters,
lots of Physics

of freedom

Tensor/scalar ratio

Running of spectral index

Hubble constant

Baryon density parameterl®!

Dark matter density parameterl?]
Matter density parameter®]

Dark energy density parameter(®!
Critical density

Fluctuation amplitude at 8h~1 Mpc
Redshift at decoupling

Age at decoupling

Redshift of reionization (with uniform prior)

3.046[d][13]:47

0
0

67.74 +0.46 km s~! Mpc™"
0.0486 +0.0010[€]

0.2589 +0.00571

0.3089 +0.0062

0.6911 £0.0062

(8.62 +0.12) x 10727 kg/m?3ldl
0.8159 +0.0086

1089.90 +0.23

377 700 £3200 years! 7]

8.5 118

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).
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Open Questions in Cosmology

Time
(~15 billion years)

 Nature of the Dark Energy

« Nature of the Dark Matter

« Initial conditions (Inflation Physics) Large ignorance on
« Modifications to Gravity ~95% of Universe

-  Formation and Evolution of Galaxies content !!

Dark Matter

v-‘:\\\
Accelerating "\
expansion
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2, Farthest
Slowing “ supernova

expansion

Dark Energy
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New Worlds, New Horizons
in Astronomy and Astrophysics (Decadal Survey 2010)

(Ground Projects — Large — in Rank Order )

Large Synoptic Survey Telescope (LSST)

[SST is a multipurpose observatory that@vill explore the nature of dark energy and the behavio)

of dark matter)and will robustly explore aspects of the time-variable universe that will certainly Iead to
new discoveries. LSST addresses a large number of the science questions highlighted in this report. An
8.4-meter optical telescope to be sited in Chile, LSST will image the entire available sky every 3 nights.

TABLE ES.3 Ground: Recommended Activities—Large Scale (Priority Order)

Appraisal of
Annual
Appraisal of Costs Operations

Through Construction” Costs*

Technical (U.S. Federal Share (U.S. Federal Page
Recommendation” Science Risk® 2012-2021) Share) Reference

1. LSST Dark energy, dark Medium $465M $42M 7-29

- Science late 2010s ~ matter, time-variable low ($421M) ($28M)

- NSF/DOE phenomena,

supernovas, Kuiper belt

maa e Tl L i

(‘Space Projects — Large — in Rank Order )

Wide Field Infrared Survey Telescope (WFIRST)

A 1.5-meter wide-field-of-view near-infrared-imaging and low-resolution-spectroscopy telescope,

( TEIEE ! will settle fundamental questions about the nature of dark energy,)the discovery of which was
one of the greatest achievements of U.S. telescopes in recent years. It will employ three distinct

Ccechniques—measurements of weak gravitational lensing, supernova distances, and baryon acoustic)

oscillations—to determine the effect of dark energy on the evolution of the universe. An equally

TABLE ES.5 Space: Recommended Activities—Large-Scale (Priority Order)

Appraisal of Costs’
Launch Technical Total U.S. share Page
Recommendation Date’ Science Risk® (U.S. share) 2012-2021  Reference

1. WFIRST 2020 Dark energy, exoplanets, Medium $1.6B $1.6B 7-17

- NASA/DOE and infrared survey- low

coljgberation , —, Science

QUl-: o {¢ INFN
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o 9. Dark Energy

European Astroparticle Together with Dark Matter, Dark Energy — the |

7 S Physics Strategy hypothetical form of energy behind the Universe|

APPEC 2017-2026 RN SRS accelerated expansion — constitutes the least- |

- understood component of the cosmos. It is ‘
studied via large galaxy-survey campaigns (both |
satellite-based and ground-based) that combine |
spectroscopic, photometric and weak-lensing
techniques to reconstruct the growth of cosmic |

structures. )
APPEC supports the forthcoming ESA

Euclid satellite mission, which will establish
clear European leadership in space-based

Dark Energy research. Because of their
complementarity to Euclid, APPEC encourages
continued European participation in the US-led
DESI and LSST ground-based research projects.
To benefit fully from the combined power of
satellite-based and ground-based experiments,
the exchange of data is essential.

In @ number of countries, the scope of astroparticle physics has recently been expanded to
include experiments targeted at a better, more detailed understanding of Dark Energy and
the CMB. These are important topics in their own right, but each also provides independent
and often complementary mformatlon on subjects such as neutrino properties and the

lverse. With upcoming Dark Energy facilities on
the ground (DESI and LSST) and in space (Euclid) pffering performance improvements of an
order of magnitude compared with their precursors, and with next-generation CMB research
directed specifically at the discovery of B-mode polarisation — the tell-tale signal of the period
of inflation in the very early Universe (- ground-breaking discoveries are anticipated.
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ENCLID

14 Why 1. Dark Energy & Dark Matter
(Cosmology) ; Legacy science

2. Space imaging (morphology

2.5 & NIR) + Spectra:
Grav. Lensing & Clustering
3. When 3. 2023-2029+ (6y mission +)

)
7

=7 4
(i /@ euclid

(& (
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Main Scientific Objectives
Understand the nature of Dark Energy and Dark Matter by:

e Reach a dark energy FoM > 400 using only weak lensing and galaxy clustering; this roughly corresponds to

1 sigma errors on w, and w, of 0.02 and 0.1, respectively. All d at a you need tO knOW
e Measure vy, the exponent of the growth factor, with a 1 sigma precision of < 0.02, sufficient to distinguish
General Relativity and a wide range of modified-gravity theories d k h )
o Test the Cold Dark Matter paradigm for hierachical structure formation, and measure the sum of the (Re B OO ) Some C anges
neutrino masses with a 1 sigma precision better than 0.03eV.
e Constrain ng, the spectral index of primordial power spectrum, to percent accuracy when combined with

Planck, and to probe inflation models by measuring the non-Gaussianity of initial conditions parameterised
by fni to a 1 sigma precision of ~2.

SURVEYS
Area (deg?) Description
Wide Survey 15,000 (required) Step and stare with 4 dither pointings per step. ]
20000 (o) ¢ Wide Area (>10%sq deg)
Deep Survey 40 In at least 2 patches of > 10 deg”
2 magnitudes deeper than wide survey

Telescope 2 mPIQ(ZrLs(c):I?,% mirror anastigmat, f=24.5 m ‘ Wide F ie ld (F ov > 0. 5 sq ng)

Instrument VIS NISP
Field-of-View 0.787x0.709 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 O o p‘r. l m ag l " g
1146nm), nm) 2000nm)
Sensitivity [ 24.5 mag 24 mag 24 mag 24 mag 310°ergem-2s-1
( 100 extended source | 56 point 56 point 5c point 3.50 unresolved line . ‘ N l K p h O‘ro m

& source source source flux =
Detector 36 arrays 16 arrays ‘ N l K s I - 1"
Technology 4kx4k CCD 2kx2k NIR sensitive HgCdTe detectors l e s s
Pixel Size 0.1 arcsec 0.3 arcsec 0.3 arcsec
Spectral resolution R=250

SPACECRAFT

Launcher Soyuz ST-2.1 B from Kourou
Orbit Large Sun-Earth Lagrange point 2 (SEL2), free insertion orbit
Pointing 25 mas relative pointing error over one dither duration

30 arcsec absolute pointing error TWO inStrumentS :

Observation mode Step and stare, 4 dither frames per field, VIS and NISP common FoV = 0.54 deg”

Lifetime 7 years x S 1 .
Operations 4 hours per day contact, more than one groundstation to cope with seasonal visibility VIS . Optl Ca lmager &
variations;
Communications maximum science data rate of 850 Gbit/day downlink in K band (26 GHz), steerable HGA s b -
Budgets and Performance NISP ° NIR lmager + grlsms
Mass (kg) Nominal Power (W)

industry TAS Astrium TAS Astrium
Payload Module 897 696 410 496

786 835 647 692

LS 232

k" Hatness and mllosses ﬁ)wer Iﬁ:’ P‘I 90 65 108
: {3\_\ B g iarin) oo o 2160 1368 1690 R. Scaramella-AASS lecture-18 Nov 2022
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* Untque legacy survey: 2 billion galaxies imaged in optical/NIR to mag >24

Million NIR galaxy spectra, tull extragalactic sky coverage, Galactic sources
* Unique database for : galaxy evolution, search for

high-z objects, clusters, strong lensing, brown dwarfs, exo-planets, etc

* Synergies with other facilities: JWST, Planck, Erosita, GAIA, DES, Pan-
STARSS, LSST, E-ELT etc (e.g. to do NIR from the ground would take several

x 103 yr) Enormous database
* All data publicly available through a legacy archive to harvest

Euclid in context
VISTA SASIR Euclid

Wide survey | 680 years 66 years 5 years

Deep survey | 72 years 7 years “5 years”

Orlglnal by I Baldry

Euclid \/.Vide (YJH) ] Eo e galaxy redshift surveys |
-------------- 4 1% F B 3
L VIKING (YJHK). 'E L : v
High-z OSOS _ ]
g B . & 10% o
e 2 Euclid Deep (YJH) 1% E N ¥ 3
1 3 VIDEO (YJHK) | 1% F ,‘:,.,-,f . a BEE ]
4 = | . ——o—o0 v 10° . n . . m N
[ 1 2 | 1% ]
b b e, 5
F 1 Ultra-VISTA (YJHK) 1] F -, -
L | o0 O — 2 a0 ., .

Q ° . o o o9 oo & 10k % .. R N
F 1 ~ L ¢ {2 E Y, eltos ]
= = . % E et
L 1 o . 1= r Stk MRe ]
L 4 o ecc0e o0 o . o o B g 10° ; I s -’ ?
-— { 2+ N oo ° °° — ":' F "-".;:"4 T ':."5\ ]
3 ] L cte : - mh_‘}?ﬁ WM i ccn s i el i b

[ 1 . . . I . PR L% 107! 10° 10" 10° 10° 10* 10°

Lt . L : 22 24 26 28 ares (s deg) e
- _ AB limiting magnitude [5 sigma] = euclid
. Coaid oo ) ‘\;\KK,
'AI'HF"III O™ | Phoppen® | S a—— [




Public data
releases:

Two Kind:

Data Release schedule

~2023

PV
End

Start of ‘

nominal

mission T

Q1
50 deg?

Survey
Performance
Verification

DR3
~15,000
deg?

End Nominal
Survey

Q’s = small area prerelease for the community to get

acquainted

DR = data release (three DR of increasing areas: early
-2500-, intermediate -7500-, final -15000 sq degs)

Q1: 14 months after start of the nominal mission
— data released: one visit on the deep fields [50 sq deg]

DR1: one year after Q1
— data released: 2500 sq deg

7
7. |

"‘@) euclid
R. Scaramella-AASS lecture-18 Nov 2022 _\&



~460+ M€ (ESA)

~ 50+ M$ (NASA)
~100 M€ EC instr
~100 M€ EC Gnd Seg

oL __' | iEucIid Consortium )

~ Y.Mellier

" ECL Coord Support

- 1500 nmembers,

Coord. Coord. - 120 Labs
Cosmology WGs Legacy WGs Cosmological
* Cosmo. Theory *  Primeval Univ Simulations WG
+ WeakLensing + Gal & AGN evol. a 13 European cou ntrles:
== ¢  Gal. Clustering * Local Universe /

¢ Clusters *  Milky Way and
* CMB cross-corr. Resolved Stellar : H
« StrongLensing Populations Austria, Denmark, France,
* Planets
* SNsTransients

‘ EC Mission System Engineer |

Mission Survey Group

~ Calibration Working Group

End-to-End Simulation

EC Support Office

ECCG Lead (ECL)/Mission Survey Scientist The Netherlands, Norway,

ECLCoord. Supp. ./ECLSyst. Engineer/VIS,NISP,SGS
PMs+lscs/SWG Coor/Com Lead/Calib Lead JE2E Lead

; Portugal, Romania,

. |
VIS Lead S < : CONM
Q Internal Com lead i US /N AS A an d

SGS PO. : X

Canada, Japan

Spain, Switzerland, UK

|
!
!
|
i
i
i
|
|
I
Finland,, Germany, Italy, |
|
|
!
!
!
i
|
|
|
|

ltaly (ASI, INAF, INFN) contributes to the instruments (electronics and mechanical parts), leads the Ground
Segment and the Survey, coordinates several Science Working Groups, two members in the ESA Science Team.

~300 italian scientists are members of the EC




e Aosta '
.reSCIa . Venezia
.. Tori ssandl

Italy in Euclid

® Bolzano

Tremo e Belluno

Ber amo
g' @

Ferrara _
Parmae \jodena *

o Cune B ¢ Ravenna

areqggio «
»

Luccae Pesaro @

L
~Sanremo .
Ancona
Perugia
o

.
Livorno

Mal
, Adriatico’
Terni

L'Aquila ePescara

oCivitayecchia
‘A
a

B
Ischia . S

Salerno

e Foligno
Elba eGrosseto

FRANCIA

Tremiti
Campgba.ssvf :
o Foggia .
i Andria
Melfl o Bari

Hatera

gomionsa’ D lbia

® Sassari « Brindisi

°
Taranto 'cce

Mal

‘.
Alghero e Nugro

Oristang o Sardegna

r Tirreno
. Cagliari

San Pietro o ag. ,

Sant'Antioco" \,

. I N F N c0 Agrigem’ania
Sicilia '
. I N A F Pante Heria "% doda

Lamezia Terme'. e 10O
tpari .
* Messina
e
Reggio Calabria

Catanzaro

o Palermo

Trapani
-

e Marsala

50 100 150 hm

~. MALTA

O-IOGOMI

Lempedusa

L.. Stanco

“Euclid-Italy” Team

e ~320 members

* Financial support from ASI, partly from
MIUR (PRIN), INFN

e Universities : Bo, Mi, Na, Pd, RM1,
RM2, RM3, TS, SISSA, SNS

e |INAF : OABo, OABrera, OACt, OAA, OANa,
OAPd, OARM, OATo, OATs, IASFBO,
IASFMII, 1APS

Rologna, Genova,Lecce, Milano,

“Euclid-INFN” Team
~44+7 members
Bologna: 16 members
Genova: = 7/
Lecce: 5
Milano: 3
Padova: 11



The ubiquitous symbol.. (hex U+0398B)

ATV |
5{ et b NS

i) it /,F‘IAIJTFTA
. IV'II 5 10’4

one vowel (u),
one consonant (v),

one number (5)

1 8rG

pv §Rg#“ + A Gu = LTT}W

R

Ovac = A/8m  ~10-2° g/CIIl3

- N,— MAXIMUM E

L sty tpl = (Gh/27cd)"? = 5.4 x 107

tu ~ 8 x 1060

e
 SRvaw <>

JMECRRN | e %0 aramella-AASS lecture-18 Nov 2022
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A simple equation: A =B » A-B=0

At general level one has: i)
Field equations (laws): Sources: masses,
gravity, electromagnetism.. charges..

F = (0 — no source case: propagation of waves

Assume F=S works but not quite: F ~ S — Need to change the description

Can change:

F=8=S8S+T byadding a new source, T, (IF laws unchanged)

F+J=|F=S§ by modilying the laws with new parts, J, (S sources
unchanged)

@Y euclid

2
=)
E
ZE
N
(1

R. Scaramella-AASS lecture-18 Nov 2022
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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)

The most general (linear, scalar) metric at ~ dS T=a’[(1+ @)dt “—(1+ 2@)(dx “+dy’ +dz”)]

first-order
At the linear perturbation level and sub-horizon scales

Full metric reconstruction _ _ , 2 2
at first order requires 3 functions * modified Poisson’s equation k¥ = —47Ga"Q(k,a)p,,0,

O+ Y
H (Z ) CI)(k s Z ) \P(k s Z ) " non-zero anisotropic stress n (k , a) =
std matter - : :
N Modified Gravity at linear level
R DED
Q - O(k,a)=1
\ standard gravity nka) =0
Std gravity, Oa) = G 2AF+F") Boisseau et al. 2000
new matter = scalar-tensor models FGZM0 2F +3F"? gg}%ﬁl:taa?t %024004
n(a) = FFF . L.A., Kunz &Sapone 2007

+ 1

Y X G U f(R) o) G 1+4makT2 @ maﬁ% Bean et al. 2006

— — a)= 7o @)= ; Hu et al. 2006
IU'V :U“V :LLV FG,,, 1+3m sz 1+2m sz T;lufik1wa 2007
a a
1
. O(a)=1-—; p=1+2Hr.w,,
. DGP 3ﬁ Lue et al. 2004;
New graV]_ty’ n(a) = 2 Koyama et al. 2006
38-1
std matter
/ N » coupled Gauss-Bonnet O(a)=... see L. A., C. Charmousis,
n(a)=... S. Davis 2006

= —87TG
T

v —
= U-

Galaxies, BAO COMPLEMENTARITY { Photons, WL
massless particles respond to CD—‘P)

@assive particles respond to ¥

Need to break degeneracy:_use ' 5
growth of fluctuations 5" +(1+ H )S = k p o= vaerp (Y -D)dz
e 2 - 2 -7
- S H a /jr‘@
: @ (€4
=AY €.l og(n@t?g'e INFN R. Scaramella-AASS lecture-18 Nov 2022 (\K&’ 7
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massless particles respond to ©-¥')

Galaxies, BAO COMPLEMENTARITE_‘ Photons, WL

@assive particles respond to ‘P)

H' . k° - j _
5l ) = A=V pey (¥ = P)dz
Cl
. Correlation of galaxy ellipticities:
R PO galaxy weak lensing
- N
N ~ -
S ‘..-------.-------.-----------.-
DGP v y: perturbation growth index under gravity
(Dvali, Gabadadze, Porrati 2000) R 558
. _ y
_ s [ G 5 4 \ =Q, (a)
A2
H 882G )
HY——=—=p \\ y. = Standard
brane 5D Minkowski “
bulk: .
L. = crossover scale: infinite volume 1
1 extra dimension 'I DG
r<< L=V oc— ' 1-0 ‘
rl il 1Ry, (1+ w0 )) %~ 0.65-0.70
r>> L=V o — leakage :
r I
|
* 5D gravity dominates at low energy/late times/large scales d f(R)
| 2 2
- ° [ o k a
4D gravity recovered at high energy/early times/small scales : v~y (1+ = 2) 4040-055
Sk 9%|' . INFN ! R. Scaramella-AASS lecture-18 Nov 2022 “&\‘ das
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FoM = Figure of Merit

An important step in the field was done in a report by the U.S. Dark
Energy Task Force [DETF], which defined a hierarchy of future
experiments, increasingly more precise (stages |—1V) [Albrecht et al
20006]

In the report a simple metric was proposed to rank the future
experiments, that is the inverse of the area enclosing the 95% c.l.
In the wo—wa plane.

-0.50

Technique #2

FOM[A] < FOM[B] DY

1 25 — B
Technique #1
-1.50 1 1 1 1 1 1 1 1 1
-20 =16 -12 <08 =04 0.0 0.4 0.8 1.2 1.6 2.0
wo

Hllustration of the power of combining techniques. Technique #1 and Technique #2 have roughly
equal DETF figure of merit. When results are combined, the DETF figure of merit is
substantially improved.

Experiment A Experiment B

R. Scaramella-AASS lecture-18 Nov 2022



WOIZ et al 201 2 -0.6 1 . W, = 0 fixed = ©
2 X .
Ej:_<&ln92”> 3 |
0 9,0" 6_] s ] s
For geometrical
CosmOIOgicaI prObeS 0.40 ! 0.‘0 0.‘1 0.‘2 0.‘3 0.‘4 0.‘5 O.‘6 —1‘.5 —1‘.0 -6_5 0‘_0

Qm Wo

Fisher has problems
Figure 1. 68%, 90% and 95% confidence regions for a supernova survey. Filled contours correspond to

U Se M C M C the full posterior sampled with MCMC, while the solid lines represent the Fisher matrix results. The
parameter spaces are { )y, wo, Mint} with fixed w, = 0 (left panel), and {Q,, wo, we, Mint} (middle
and right panels). The parameters which are not shown have been marginalised in all panels.

g £
| 0.é96 ‘ 0.3‘00 ‘ 0.3‘04 f B
Qn o
@ @ 0.1
s s Figure 2. Confidence regions for a SKA-like BAO survey. Filled contours correspond to the MCMC,
5- 5- while the solid lines represent the Fisher matrix results. The parameter space is {Qm,wo} (left
panel), and {Qn,, wo, ws} (middle and right panels). In the latter cases, we marginalise over the
N e hidden parameter.
0.296 0.300 0.304 -1.06 -1.02 -0.98 -0.94
Qn Wo
: : : Fisher for Weak
Lensing not bad

0.785
0.785
0.785

T T T T T T T T T T T T T T T T T T T
0.296 0.300 0.304 -1.06 -1.02 -0.98 -0.94 -0.3 -0.1 00 01 02 03
-Qm Wo Wa
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A legion of papers
combining
different probes/
samples,

myriads of plots
with 1socontours..

Table 2: Best-fit values and 1o uncertainties for the cosmological free parameters in each model and data set.

Model

Data set

Qo

Qa0 wo

Wq

Flat ACDM

Non-flat ACDM

Flat wCDM

Non-flat wCDM

Exponential

Rational

SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO
SNe+QSO
BAO
SNe+QSO+BAO

0.013
0.295% 01>

0.056
0.373% 045

0.300 £ 0.012
0.504 + 0.029

0.057
0.376 049

03647047

04037042

0.057
0.3817 035

0.369*0:922

0.041
0.280% 037

0.080
0.3017%505,

0.018
0.224%7015

0.023
0.447%0 05

0.420%007

0.032
0.35470 535

0.025
0.44177 53

0.103
0.3847 00z

0.032
0.35470 535

0.395%0-0%3

0.058
0.3717% 037

0.359+00%

0.022
0.452% 5%

0.086
0.410% e]

0.044
0.307" 055

0.051
1107752,

0.638"007

0.829 + 0.035

0.132
—1.4947 ;172

0.098
—1.0497 V¢

0.094
—1.283%0s

0.024
—0.667" 57

45
—2.850% 1437

0.012
—0.626" 13

0.196
—-1.267"19;

0.469
—0.82173,

0.103
—1.323J_r0_}12

0.223
—1.250% 555

0.923
—-1.091% 257

-1.371 £0.141

0.141
—1.481% %7

—1.067%01%

0.092
—1.271753

0.172
—1.3167 ¢

—0.930%03%

0.115
—-1.303%102

0.041
16627 s

0.072
0'463i0.028

16677047

2.113
_3'771J—rz.496

1.835
—1.2697, 52

0.483
0.745% 071

2.680
—4.282755083

4922
0.235%¢ 35

1.293
L127%545

1329
—2.6547 25

1.064
—0.423" -2

0.152
1.010% 2%
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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?

1 2dk 0 . . / Yo p! /
CSP(d,d) == = > i T wewp je(kd)je(kd') Y GiF [Pfc(k)PBB(k)qL(—l)é PfD(k)PLCiB(k)]

%
£,0 ,L’

K K

A2dk‘ 0y . . / L é) 'gl 6A/VC DB OBD CA
—|—/ 27‘{'2 ;’L w[u.ug/]g(k(l)]g(kd)EL: 000 WPL (]w)—i-ﬁBVPL (lu)

v 0%p pBe ¢ 0BC ppA

-1)" ==P7%(k -1)" ==P; " (k
+(1)" 248 PECR) + (-1)¢ 2EC PP W)
5{2705]IB{D 55&:(1’ Z w% 5IB§VC‘5§D 5£Xd/

Z( )E 'LUE
nangV 4nd?L, << 20+ 1  faangV 4wd?L, 20+ 1

14 14

the estimator noise. The quantity G%L arising from the integral of four Legendre polynomials is expressible in terms
of Wigner 3j symbols as

2 2
T " ¢ L L L L
Gy = L” (2L" +1) (0 0 0 00 o) (18)

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

Wwhat about Phgsws ?

R. Scaramella-AASS lecture-18 Nov 2022 §



- a=(1+z)-1 expansion factor
Recall a f ew basics 0 = density fluctuation
P(k) = power spectrum of 0(x,z)
w = p/o, y=growth index

din G
e = ;msR ~ [Qn(2)]”

.\ 2
H?(a)= (gj =ik [Qma_3 +Qa+Q,a” + QXa_3(1+W)]

a
Evolution governed by components: H(z) < @z, w  w(z)=wo +Wa (1-a)

A: Wo=-1,Wa =0,Y~0.55

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

-0.50

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

(curse of dimensionality; also different S-ro0f- Techniue#2 |
definitions). Importance of Priors
Usually use Figure of Merit= 1/Area rash -

FoM= 1/(Awo x AwWa)

1 1 1 1
-20 =16 =12 -08 =04 0.0 0.4 0.8 1.2 1.6 2.0

to get a small
uncertainty on

EZZ; MBS CiTUm 2 1 | ]- accurate/adequate
\ P | P — sampling in
Nmodes n number of objects

large volumes to | /7~ . .
accomodate Cosmic Variance & Volume

several Fourier

modes Poisson & Number of galaxies
/7 - /7 @ eucli
} COF INFN| R. Scaramella-AASS lecture-18 Nov 2022 @ "




Modified Dark Initial Dark Energy

Gravity Matter Conditions FoM= 1/(Awp 2 Awa)
Parameter r m,/eV i w, W, FoM GO&IS
Euclid
- 0.01 0.027 5.5 0.015 0.150 430
Primary IMPROVE ~
Euclid All 0.009 0.02 2 0.013 0.048 1540 500 |X TOONW
Euclid “BE |x 20 ON v
0.007 0.019 2 0.007 0.035 4020
+Planck \
Current 0.2 0.58 100 0.1 1.5 ~10 6000 Current Best
Estimate
Improv. 30 30 50 >10 >50 >300
Factor
1.0 J
Lo Péizﬁg | Fuclid will challenge all sectors of the cosmological model:
o WL Dark Energy: W, and W, with an error of 2% and 13%
respectively (no prior)
Dark Matter: test of CDM paradigm, precision of 0.04eV
= 0.0 on sum of neutrino masses (with Planck)
Initial Conditions: constrain shape of primordial power
spectrum, primordial non-gaussianity
-0.5 Gravity: test GR by reaching a precision of 2% on the
growth exponent y (dInd, /dlnaxQ,_v)
-1.0 Uncover new physics and map LSS at 0<z<2: Low redshift
-1.4 —-1.2 -1.0 -0.8 —0.6  counterpart to CMB surveys
Wo

2\
@Y

7 TR \ " .
Eudd @Pﬁll/ I‘ |NFNI (\r@, euclid
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M2 mirror
and baffle

M1 mirror and

VIS radiator

PLM/SVM GRFP struts

agenzia spaziale
italiana

M2 metering structure:
Spider

Truss (6 monolithic struts)

FP@(with
thermai hood)

M1 baffle

Two 1instruments:

ana radiator

Connectors brackets

Connectors bracket

A FEW PETABYTES...

Commanding
MOC —

Ground Station
Observation '
Planning
Instrument
Commanding
l —
Mission : E M

Raw TM e
Level 1 ' —
data Euclid Products !
Mission
Archive
[}

Data Products
General Community
MOGS

Satellite
Telemetry

........

Instrument Maintenance
and Operations

SGS

provides input for
OU-1/VIS

OU-6/MER generates output to
_—
EMA
- Complex relation...
e OU-2/NIR

level | OU-7/SPE
External
Data

OU-II/SHE ——| EMA

level 3

OU-12/PHZ /

OU-9+10/
LE3

OU-3/SR —/ EMA

level 2

OU-4/EXT /

OU-5/SIM

non-SGS
Simulation
Data

EMA

level S

OU flow

EMA= Euclid Mission Archive

\¥/ .’
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Euclid - Payload Module - hardware

EST#11 | Project Status | G.D.Racca| Lausanne, 9t June 2015 | Slide 7

‘ @ !
0 @jj L
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Euclid: small (1m) but
powerful telescope
Built and almost

assembled, launch in ~18
Flight model months, 6y mission

October 2021 at

agenzia spaziale
italiana
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w.r.t. HST will lose a factor . ' -
of ~2 in resolution, but get | ‘

all xgal sky! | ~

2
3

[ . -

& euclid
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EUCLID Mission

Launcher: Soyuz ST2-1B from Kourou

Direct injection into tranfer orbit
- Transfer time: 30 days

step 2 A
step 3 \

spacecraft
tilt

- Transfer orbit inclination: 5.3 deg

Launch vehicle capacity:
- 2160 kg (incl. adapter)
- 3.86 m diameter fairing

_ P 5\ spacecraft
T | rotation
1

Launch = 2023

(Mission duration: 6 years ) > STEP &
Advanced Studies and Technology STA R E

Preparation Division

For stability need to
always observe almost
orthogonally to the sun
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The core: ~0.5 sq/degs, VIS & NIR
Focal Planes, lots of pixels !!!

The geometrical Field of View is the sky area limited by the contour of the focal plane array of a given
instrument (VIS or NISP) projected onto the sky. The contour is defined by the first pixel line or columns of
the detectors on the edge of the FPA as indicated on the next figure.

56 (0-1” pix)VisibIeFPA:36VIS CCD NIRFPA: 16 H2RG 16 (0-3” PIX)

+ slitless

2004-07-02

Figure 6-1: VIS (left red ensquared area) and NISP (right red en 357,448 km
33.66 arc-mins

With the current definition of the instruments, the joint VIS/NISP Survdiiiik it
« JOINT FOV x=0.763° .
. JOINT_FOV_y=0.700° ~44 side

The x and y field orientations are defined in the figure 6-2.
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OSImicC ray S M. Cropper, A. Ealet, K. Jahnke, S. Niemi

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

0
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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¢

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

0.01 Faint galaxies (S/N=10):

0.00F
0.03F

$ 0.02F

-

0.01F 3
0.00F
0.06 0.08 -
0.05 0.05 E
0.04 _0.04 -
0.03 < 003 E
0.02 0.02 m -
0.01 il 0.01 -
0.00{----- el et s B — e 3 0.00F--------=--=----f----- f----o--TF —Ht+

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

10*

Figure 34 The degradation due to CTlI 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.
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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 N°10 N°20
reconstruction of a given Euclid PSF

Eiriira AN- \/IQ DQE ainanvuartare and ae o fiinctinng of number of eigenvectors used in the reconstruction over

EY5 PSF ENplcity (#1 &) ower sl Folf

FoW ¥

Figure 38: Euclid system VIS PSF ellipticity vector (e1, e2) map over the reference system full FoV

PSF is wavelength (energy) dependent,
so is different for blue or red galaxies!!
Also polarisation effects

- Exit pupil amplitude & phase: 4
Wi 4/ | N F low Zernike-order phase variations @3
A s °9;Tzé‘ﬂéﬁé’z'°'e R. Scaramella-AASS lecture-18 Nov 2022 N7
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L M . I I
- I e r CDFS/Fornax EDF NEP EDF

@ smoothing

Predicted polarisation for 3
deep fields smoothed with
2 degree FWHM, plus DES
object counts near SEP/
LMC

Polarisation noise <0.05
percent on these maps

Need to avoid dust in all
regions

SEP EDF

Need to avoid too high
object counts (yellow/

green regions on DES plot)
< 40/arcmin? (i<23)

May need careful field
selection and more
accurate in-field stellar
polarisation observations

percent B:003 Euclid calibration WG, Mar 2018

=0 H|
= :

74

= & e /7’@ 2
3 « euclid
%gigm'e ] R. Scaramella-AASS lecture-18 Nov 2022 (\{\Q
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Photoz are crucial, need ground based photometry

F(A)

Meneghetti
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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
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errors in PSF sizes and ellipticities (knowledge)

more simply:

M = o[Rpsp] [m1] + o[ Rxc] [ma]
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EUCLID Survey(s)

Commlssmnlng |

First Light

Planet microlensing

{ Additional | |
. Surveys ‘

Calibrations |

 Milky Way

Minimum
required
 Interleaved -

|
Spatial sampling: |
Area/Volume |
’\/‘ (cosmic variance, | |
J

char scales)

Number of galaxies

| End of the mission
(P0|sson)

Dedicated time spans

Global
durmg mission

[N(M D,etc)]

Number of

How long

Highly complex since start

3 kinds of data at once:

— VIS imaging

— Y, J, H photometry

— red grism slitless spectra

Cadence

End of the mission

Dedicated time spans
during mission

Lots of constraints
(changed over time)

In 6 years need to do

useful dithers,
Bright stars etc

Effective S V

’/
//
/
/
>
/
/
//
/
/

Srear ) Spectra / priOI’itieS

_ - " /

Need to fix

« calibrations

- - auxiliary fields

Limiting magnitude Wmiding !lne g /

/
. Crowding
Useful size -

Halpha detected /
Good photoz /

A scheme of the complex inter-relationships of the Euclid Survey produced at
the start of the study. After a Commissioning phase lasting one month, the First
Light phase is now called the Performance Verification phase, lasting two
months. Both those phases take place before the start of the core mission, lasting
six years. The examples shown for additional surveys are now likely to take
place during a possible extension of the mission. However, over the years the
main items have kept stable as shown, with an additional arrow connecting VIS
to the Deep Survey
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~2011

- deep fields
 wide survey

1 Commissioning &
I Performance
I verification

3 months

Nominal Survey Operations
6 years

Mission Extension

(optional)

DR3
T1+6 yrs

Early Survey
Operations
6 months

TO Q1

Start T1=T0+14
Nominal months
survey

DR1 Q2
T1+1yr T1+2 yrs

DR2 Q3
T1+3 yrs T1+4 yrs

Q4
T1+5 yrs

End of Nominal
Mission

Launch

0 6 years after launch




Zodiacal Light

Zodiacal
Cloud

LR N
" S

o Low Zodi i
$1.5 -
[rH]
L ]
F_| —
< . Adjusted reddened sun| w1 —
I L ! T i
o % ® Leinert NEP e ]
be e —
st o m HST NEP from HDF 1 % 0.5 -
3 N |
Sl . e DIRBE NEP 2 = ]
: 3 ~0.36
- : L T 5800K BB'A | ~ 0 |
A SN
T oy -~ - Broken log—linear 5 i
& ’ VIS W & * o |
| i.’\ b
()] F O ) 1 L .
N r i | @ 4 —
I Te! P, !
52 &, i *
o || 4 S |
o P S ,
) N
~" r b 7
Q0 s
'3 | N \:‘\ ]
- v «\‘
Drops rapidly redwards 3 , |
% N 0 .
T S et T sl L R 0.5 1 1.5 2 2.5
% 1 3 ) 2425 Wavelength (pm)
Wavelen gth (microns) Figure 1. Upper panel. The spectrum of the zodiacal background light at the NEP compared to broad-band
observations from the ground and HST observations. The circles are data at 0.450, 0.606 and 0.814 um,
The solar spectrum, adjusted to match the observed zodiacal background (solid green). Simplified respectively from the HDF; the square is Leinert et al. (1998) measure at 0.5 um, and the triangles are mea-
zation - a 5800° K blackbody Scaled by A2:36 (dotted black). Broken power-law parameterization sures from COBE/DIRBE at 1.25 and 2.2 um. Lower panel. The comparison between the intensity of the
@ 7, three adopted normalizations of the zodiacal backgroud light. The lowest normalization is the one relative to "
e CY I N F N the NEP, and it is shown together with the broad-band data points discussed above. euclid
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Zodiacal update
Pyo et al 2010

Tilted slab= sinusoid at NEP

B.Reach

(talk grabbed
from the net)

n

Intensity

; e .. D
: » '3 Earth’s position
‘ : e Fig. 5. Schematic diagram for the seasonal variation of NEP and SEP
Caltech ( n_OW) SN brightness due to tilt of the IPD cloud’s symmetry plane. The Earth’s
: positions marked by A, B, C, and D on the top frame correspond to the
us RA/ SOFIA (J une 201 0) : abscissas labeled by the same characters. In the top frame, the upward
" arrows point to the NEP while the downward ones point to the SEP.
The NEP and SEP intensities are represented by a black, solid line and
a gray, broken line, respectively, in the bottom frame.

Resonant structures in Zodiacal Cloud Observed brightness of North Pole

Smooth cloud traces mean orbital elements

— Node randomized by Jupiter in 10° yr so only
secular long-time-averaged perturbations survive

Resonant effects in comoving frame with : £os
planet S SE iy

sE IéAcs m L= - ' ‘ ' “ ~3(}:b/o

Spitzer Earth Ring experiment

Frame comoving with Earth

Contours of the COBE/DIRBE
zodiacal cloud model

Trajectory of Spitzer (thick) with

Crosses every year davs since 2004 Jan 1

Able to probe azimuthal structure
of zoiacal cloud

Sinusoidal variation due to inclination of zodiacal plane, and eccentricity of orbits

317 |edeipoz/paselyu|
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M. Maris: time dependence of zodiacal background

1.25 micron, day 0, Sun Long -80.7 deg

Ecliptic . . L g Ecliptic

Ecliptic

e
@) euclid
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