e 2o ’
. " . .
The Euclid -‘Mission -
Rene Laure|Js~  '  --4\{'  |.-; .

The Dark Slde of the Unlverse - ISSS I’AqU|Ia
K . . i - ' / . '

-

ESA UNCLASSIFIED - FogOfficial Use

0=

=

.
’
- .
-
-
-
-
-
- ,
N
-
.. .

/ '7,"

= I EE_ENN == ENHNBESEENENDNSESE NS
. » .

- : ! X -
« ® -
-8 - *r—%
Y -
. ‘ »
= ﬂ o & . European Space Agency



i 7

esa

>
m
=
5
a

Some history, 10 years ago..... @

Subject: Name for the merged concept

From: "Refregier, Alexandre" <refregier@cea.fr>

Date: 05/03/2008 12:31 PM

To: Malcolm Longair <msl1000@cam.ac.uk>, Rene Laureijs <rlaureij@rssd.esa.int>

CC: John Peacock <jap@roe.ac.uk>, Simon Lilly <simon.lilly@phys.ethz.ch>, Peter Schneider
<peter@astro.uni-bonn.de>

Dear Malcolm and Rene,

Within the DUNE team, we have been thinking about suggestions for the name of the merged
DUNE/SPACE mission concept.

Our preferred name is:

EUCLID: a mission to map the geometry of the dark universe.

If needed it can be interepreted as the acronym "EUropean Cosmology all-sky Investigator
of the Dark universe™.

We have also alternatives that we are still discussing, but this is our favorite. What
do you think?

Cheers,
Alexandre
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Out“ne /:U@ euclid i\&&i—'esa
Lecture: Euclid Mission I

O Space Science, ESA, and Programmatics

O Mission concept and trade-offs

Lecture: Euclid Mission 11
0 Requirements Engineering
O Design Solutions
O Mission Overview
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Euclid

SPACE SCIENCE,
ESA AND PROGRAMMATICS




Why a space experiment in the first place?

e DARK UNIVERSE EXPLORER

Proposal to ESA’s Cosmic Vision

DARrRk ENERGY
DARK MATTER

GRAVITATIONAL LENSING
GaLaxy EvoLuTion

EXTRASOLAR PLANETS

Both proposals were submitted simultaneously in 2007 for ESAs call for missions

ESA UNCLASSIFIED - For Official Use

SPACE

(SPectroscopic All- sky Cosmic Explorer)

A PROPOSAL IN RESPONSE TO THE
ESA COSMIC VISION 2015-2025 CALL
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@ euclid ‘\\\\\i eSsa

Morphometry: Compact and stable PSF in
the optical A > 0.5 micron

Infrared photometry and spectroscopy:
wavelength range 1 < A < 2 micron

Survey: observing several 10000 deg2,
homogeneous observations

Tranmission

.0 .
1.0

Atmospheric Tronsmission
——TT —— v

0.8
Q.6
0.4

0.z

1.5 2.0
Wavelength (gm)

1
in

Laureijs - ISSS I’Aquila | Mission I | 22/06/2018 | Slide 6



Space Science @ ewaid % @S2

Why you scientists should be interested:
O Highly abstract — imaginative work

O Working in groups and teams - high level of organisation complexity
» Social skills matters!

O Requiring technical knowledge - instrumentation and mission
O Data Analysis - statistics and complex software systems

What has Space Science to offer?

O Great Science! Excitement...?!

Large international network - politics...
Bridging science and technology
(Appealing to the public.)

(I W
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What is ESA (not)?

ESA is not CERN!
O CERN does one thing in one place, with the Nobel prize as ultimate reward

euclid QM eéSsa

ESA is not (a European) NASA!
O NASA benefits from a massive (single) US military programme
a (...therefore) NASA has a single and complete domestic market it can use
» ..e.g WFIRST telescope is a donation from the National Reconnaissance Office
O NASA directly supports the efforts by scientists

- Space Science is the only mandatory programme for ESA

ESA is a reflection of the political will to accomplish a European effort

A strong believe in the European industrial capacity and in the strength of the scientists, engineers, project
managers, and administration.

Read: Fifty years of European Coorporation in space by John Krige (2014)
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Space Science: Agency Programmes @.d d:esa

Budgets are available, but the individual projects are expensive. Need to probe the commun|t|es and define a
process to (fairly) satisfy all parties N o “

NASA: N ] o,

O Decadal survey for astrophysics g ’
O Visions and Voyages for planetary science in the decade 2013-2022
ESA:

O Horizon 2000 (1986-2005), Horizon 2000+ (Roger Bonnet, D/SCI 1983-2001)

O Cosmic Vision 2015-2025 (David Southwood, D/SCI 2001-2011)

[ LISA PF H wsT
| INTEGRAL H Planck l HERSCHEL
L Missluﬂs Extemmns |
, / \\
Mars Express ‘ Smart 1, \ CoRot, \
Venus Express, = HORIZON | Akari, Hinode, \
Double Star ' m i Plus | Chandrayaan, |
j . //
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Programmatics related to Euclid @ e Ccsa

(I I W

Q

Q

announced to S. Perlmutter, B. Schmidt, A. Riess)

Q

Call for Ideas / Science Themes (2004) %' €esa ESA-ESO Working Groups

Report No.3  Fundamental Cosmology

Overall programmatic envelope: Cosmic Vision 2015-2025 (2005)
Call for Missions (2007) - more than 50 proposals
Proposal Selection for M-class missions for entering Assessment Phase (2007)
» Cross Scale, Plato, SPICA, Solar Orbiter, Marco Polo, Dune+Space = Euclid
Selection for Definition Phase (2009):
» Solar Orbiter, Euclid, Plato
Mission Selection (4 October 2011, same day as Nobel price for Dark Energy was

Mission Adoption (2012):
» Start of the Euclid Project
= Launch in Q2 2020
= ESA budget 606 Meuro (2012 e.c.)
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Euclid: Assessment Phase eucid = €S2

ESA provide
- Study Team
- Science Study Team
[esa — Quse g Cesa b
= e e P
Cesa,... ... " A %% ﬁ
Cosmic Vision — e
y ESA Call for Proposals ESA CDF Study ESA AssessmentStudy

Euclid was a candidate M-class mission for the Cosmic Vision 2015-2025 Plan.

It is a merge of two independent proposals Dune and Space. During the Assessment Phase, the
instrument payload was studied by two scientific consortia.

In February 2010, Euclid was selected by the ESA Science Programme Committee to enter the
next phase, the Definition Phase
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Study Phase = Assessment + Definition

O Pre-Assessment
» Concurrent Design Facility - after
merger of two proposals
O Assessment Phase

» Two independent industrial studies
(9 months)

euclid S\Q&S—esa

» Science study team: further
discussion of the science cor study Ropors
requirements > “Yellow book” St g e it i .
(arXiv1110.3193L)

O Definition Phase

Qesa

» Two independent industrial studies
(1 year)

» Studies on the payload component W
» Science Study team: further
discussion on the science

requirements > “Red Book”

(._ esa ESAVSRE(20092

Euclid

Mapping the geometry
of the dark Universe

@:esa ESA/SRE(R011)12

Euclid

Mapping the geometry
of the dark Universe

Definition Study Report

(arXiv0912.0914L)

ESA UNCLASSIFIED - For Official Use
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Science Management @ euctid § @S

O ESA science advisory structure
» Solar System and Astronomy working groups (SSWG, AWG)
» Space Science Advisory Committee (SSAC)
» Science Programme Committee (SPC)

O Science Management Plan: provides instructions how the scientific return is managed -
endorsed by the advisory structure. It is the commitment of ESA to the member states.
» Composition and Responsibilities of parties (ESA, other agencies, Community, Science Team)
» Overall Scientific Organisation
» Timescales and data governance
> Monitored by Euclid Science Team (Chair Project Scientist)

O Multi Lateral Agreement: gives the description of the commitment of each country / funding agency to
the project signed by the participating countries

» Monitored by Euclid Steering Committee (Chair: Project Manager)
O Bi-Lateral agreement with NASA
» Joint Project Implementation Plan
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Euclid Consortium

\\ \\\u Y

\ euclid &\ esa

The Euclid Consortium will, as agreed in the MLA and SMP, provide:
d The VIS instrument

O The NISP instrument

d The Science Ground Segment
» algorithms and related production pipeline software
» infrastructure and data processing centres
» data products

O Scientific requirements
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CONCEPT AND  { \JH{=5,

TRADE-OFFS ket

YIT WA A LT EASER B EPANEYEON
%ﬁe‘s PERORE THe Bia BSJE% EveRTTHNG

wWAS ALL 1IN ONE PLACE TH&N
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Spacecraft Engineering/Project development g@ euctid €2 €52

General Approach - involve following steps

Concept / assumptions -- involve boundary conditions
Development Plan / Implementation Plan / Operation Plan
Requirements and interfaces

Design Solutions

Implementation

Testing

o000 000o0

Operation and maintenance
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Spacecraft Engineering/Project Development

ECSS - European Cooperation for Space Standardisation
O ECSS is a cooperative effort of the European Space Agency, national space agencies and European industry

associations for the purpose of developing and maintaining common standards.

O Requirements in this Standard are defined in terms of what shall be accomplished, rather than in terms of how
to organize and perform the necessary work.

Activities

Phases.

Phase 0

Phase A

Phase B

Phase C

Phase D

Phase E

Phase F

Mission/Function

|

LMDR

|

PRR

Requirements

llSRR J

LPDR

CDR
Definition
JlQR

Verification ]

R

ORR
Production

FRR

L jerr JER
Utilization {l:

ﬁLRR

MCRI

Disposal

| Project Initiator |

| System Operator |

T o

Top Level Customer |

F’RR/SRR."PDF{&7

F CDR/QR/AR

1st Level Supplierl

| fst Level Customer

PDR &7

F CDR/QR/AR

2nd Level Supplier|

|2nd Level Customer

PDR &

|
]EDR/Q RIAR

nth Level Suppl\erl

Jnth Level Customer

PDR

F CDR/QR/AR

Lowest Level Supplier |

ESA UNCLASSIFIED - For Official Use
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Boundary Conditions for Euclid

Should be a benefit for (European) Science and European space industry,
according to equal return

O M-class mission:
> Launch slots in 2017 and 2018
> ESA costs should be less than 450 ME

» Technology Readiness Level TRL > 5 at end of definition phase for satellite

and payload components and subsystems
O Foreign partners can be considered for a more expensive solution:
» Depending on the “stakeholders” / communities
» To enable non-European technologies
O European Launch - Soyuz 2-1B was then the only option:
» Mass limited by launch capacity of Soyuz

O Further important constraints from:

» Available industrial companies with sufficient proven expertise in Europe

(e.g. Mersen Boostec for SiC)

ESA UNCLASSIFIED - For Official Use

d:esa

Spacecraft Adecter

©04.110-m Faring

Fregat Upper Stage

Interstage

7™ (Core) Stage

1" Stage Strap-on
Boosters
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Trade offs: orbit selection

Assuming a Launch with Soyuz 2-1b from French Guyana

/»% gl
(€ cwid { - CSa

Av (deterministic)

Heritage

Soyuz capacity

Mass after injection

Sky viewing

Eclipses

Small Lissajous
around SEL2

200 m/s

Long transfer time
(depending on Lissajous
amplitude, 1-3 months)

Planck, GAIA

2146 kg

2013 kg

Earth and Moon never
seen by the telescope

No eclipse for 6 years,
moon eclipses possible

None

Free insertion
libration around SEL2

HEO (low perigee)

75m/s
Short transfer

0 m/s

Science ops can start
typically 30d after
launch

Herschel, LPF Integral

(10000/152000/51.6)

2146 kg 2360 kg

2304 kg

Earth and Moon never
seen by the telescope

Some occultation by
Earth +Moon

Seasonal Earth-Sun
daily eclipses

Moon-Sun eclipses :
marginal occurrence

HEO (high perigee)

400 m/s
Short transfer

No heritage

2270 kg

2010 kg

Some occultation by
Earth +Moon

Seasonal Earth-Sun
daily eclipses

Moon-Sun eclipses :
marginal occurrence

GEO

1478 m/s
Short transfer (1 day)

Hipparcos
(failed to reach)

1300 kg for direct
injection

2730 kg from GTO.,
with SC propulsion
module (apogee engine)

1300 kg for direct
injection
1723 kg from GTO

Some occultation by
Earth +Moon

Seasonal Earth-Sun
daily eclipses

Moon-Sun eclipses :
marginal occurrence

Av=v.In(m,m;) - rocket equation - note: LHC/ATLAS is 7000 tonnes!
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Stability and orbit control

N\

O AOCS = attitude and orbit control system - to maintain orbit stability

= (e
@ eucid { ~@Sa

/| SEL2 orbits  \ GEO HEO
FDIR aspects /
Failure detection / | Easy and robust \ Medium Worst case
Failure correction [ | Easy Medium Highest cost
Disturbances
Gravity gradient None Residual, but changing | Sizing at perigee for
with time and the 3-day orbit
orientation
Earth magnetic fiel§l None Very small. but Variable over the orbit
changing unevenly for low perigee case,
high perigee case
similar to GEO
Effect of Moon \ | None / Negligible (TBC) Negligible (TBC)
Thermal pEITlll'batiDHS\ None Small but not static Variable over the orbit

(impacting AOCS)

for low perigee case,
high perigee case
similar to GEO

ESA UNCLASSIFIED - For Official Use
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Ol"blt deta”S ( : euclid ‘&i—'esa

d The launch will be on a Soyuz 2-1b from French Guiana

ISES Solar Cycle Sunspot Mumber Progression
Observed data through Moy 2018

]
O The trajectory is a direct ascent trajectory without a drift phase _
» The direct ascent provides the maximum performance ?““ i ﬂrhih )
> All orbital parameters are free except the apogee altitude : :] N / N 7
4  The daily launch window is constrained by vﬂ eV N * 9 %ﬁ R Mw
» Size of the science orbit defined by the Sun-S/C-Earth angle o T oo e

» Illumination constraints
» Maximum deviation of the required perigee velocity from the launcher flight program
>

Eclipses during transfer and operational orbit
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Operational orbit @ - Cesa

Large amplitude orbit around the SEL2 point:
» High thermal stability

» Communication distance is limited

» Unobstructed observations in one hemisphere

Altitude (km)

150 e Latitude [DEG]

Longitude [DEG]
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Typical SEL2 launch sequence (Gaia) eucid (/= @S2

N

© ZLavochkin Association 2
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Launch opportunities @ cwid - cesa

7N

SAA min: 15 Deg, Beta max: 75 Deg, SSCE max: 33 Deg

135+ - -
t’ s SSCE limit

- 325
—~ 13} G)
w
s 132 o
2 =
s :
g 12565k 131.5 o
= 2
5 ’ 3y AP
w© >
- 12 ‘5"

——— SAA constr. Perigee velocity constraint 305

- Beta constr
1 ! e | 1 1 L l 1 1 - | 30

11.5 :
Dec20 Jan21 Feb21Mar21 Apr21 May21 Jun21 Jul21 Aug21 Sep21 Oct21 NO\Q1Dec21 Jan22
Launch Epoch

ESA UNCLASSIFIED - For Official Use Laureijs - ISSS I'Aquila | Mission I | 22/06/2018 | Slide 24



Present launch date: end 2021- end 2022 @eumd - esa

SAA min: 28 Deq, Eeta max: 90 Deg, 55CE max: 35 Deqg

14 - a5
m m

E‘ 13.5 L E
2 =
2 g
L 13 —
5 o
= 17 ]
5 =
m - - ﬂ'
= 125 SA4 constr. =

EBeta consfr.

S5CE cansir.

12 1 1 1 1 1 1

Janz21 Fet:-E*Ir'-'IarEi Apr21 I'a-1.ar_.f1'“l Jun21 JuIE'I Aug21 Sep2i Dc:r21 Mov21 Dec21 JanEE
Launch Epoch
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Trade Offs: telemetry

a X-band (for housekeeping)
O K-band with 850 Gb/4hours (~60 Mbps) for science data - new for ESA, need new hardware

Band Frequency Bandwidth Comments

S-band | 2200-2290 MHz | 6 MHz/mission Max symbol rate 6 Msps

Band quite congested, complex frequency
coordination

X-band | 8450-8500 MHz | 10 MHz/mission Max symbol rate 10 Msps

Using GMSK and standard coding, max data
rate of 5-8 Mbps

10 Mbps easier with dual polarisation

Use from GEO quite restricted

X-band | 8025-8400 MHz | 375 MHz Enabling high data rates > 100 Mbps

EES But strictly reserved for Earth Exploration
missions

K-band | 25.5-27 GHz 1.5 GHz No bandwidth restrictions but efficient use
encouraged

For L2 missions requiring > 5 Mbps
“Hardware limit” at 100 Mbps

(200 MHz clock-frequency)

Ka-band | 31. 3 GHz 500 MHz Strictly reserved for Deep Space missions
Ka-band | 37-38 GHz 1 GHz Manned planetary exploration

Shared with fixed satellite services (telecom)
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Cebreros upgrade for K-band @ e Ccsa

Mirror M9

X/K-band feed (new)

Movable M5

Dichroic mirror M7 (legacy)
X-band feed (legacy) behind M7

ES Laureijs - ISSS I’Aquila | MissionI | 22/06/2018 | Slide 27




Trade-offs: Aperture, Mass and costs @ euctid €2 €52

OTA = optical telescope assembly
- OTA Cost ~ D1:7)A-0-3T-0.25
Where, D=diameter, A= diffraction limited wavelength, T= temperature of OTA

- (Total costs —OTA costs) ~ Mass?-°?
Stahl, H.P., et al (2012, NASA publication)

OTA Cost vs Aperture Diameter (rev. 8.1.11) e 0808 2013 Total Cost - OTA Cost vs. Total Mass
10000 - = = 00% CL 10000
Prec_High
-7 ) Con_Hgh
000 4 - :,,,; ~® qwsT|| = = =90% Pl 7] f::::d::" -
. o
- e M 12N ; g
= Cost - O
£ 100 o:_ -
= ; I §
- Regression 5
% 10 4 | nformation ﬂﬂ
3 B, 1.56 03 g
< P 0% 83 - 0.86
= : o | = : i
14 Poy 9% S 056
SPE 142% o
n 20 —
0.1 w|m 1000 10000
0.1 ;\])91‘1’[11'19 Diameter (m) 10 1 00 1 @@ 0655 (kg) 1 0000 Kg

Spacecraft mass
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Trade-off: Telescope Size @ e esa

Telescope size was fixed at 1.2 m at an early stage
O Monolitic SiC design — max diameter of 1.2 m possible

O Zerodur design — no max diameter, but constrained by mass and minimum
temperature

O The science requirements did not impose larger size telescope
> Effective area = 1.00 m? (identical to that of Fermi satellite)
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Euclid Science Concept @ - Cesa

O Determine the dark energy equation of state, pressure over density, as a function of cosmic scale a:
w(a) =P/p,a=1/(1+2)
> w(a) = wytw,(a,-a)
> W, is a measure of the acceleration of the Universe’s expansion, and w, is a measure of the
variation of the acceleration.

This gives us the dark energy Figure of Merit: FoM=1/(Aw,Aw,)
Aim: FoM > 400

O Determine the growth rate of structure formation f ~ Qv
Aim: Ay< 0.02

7

% General Relativity with a cosmological constant and cold dark matter (ACDM model) predicts:
> w,=0, w,=-1,y = 0.55

...but this would be in contradiction with the standard model of particle physics. Euclid has sufficient
precision to test any deviations in this triplet!
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Euclid Design Concept @ e Cesa

Optimize the mission for two complementary dark energy probes: galaxy clustering and weak lensing;
Minimum survey area of 15,000 deg? (36% of the total sky)
- 6 year nominal mission

Weak Lensing: 2> VIS imager + NIR imaging-photometer
>  Shapes and shear of galaxies with a density of >30 galaxies/arcmin?
sys < 107
o Very high image quality, high stability
»  Redshift range 0<z<~2, accuracy dz/(z+1) < 0.05

»  Minimum Systematics o2

Galaxy clustering > NIR slitless spectrometer

>  H_alpha Redshifts for >1700 galaxies/deg?

»  Redshift range 0.9< z <1.8, accuracy dz/(z+1) < 0.001

»  Same area as for WL line Flux limit < 2 1016 erg cm=2st .
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Euclid Design Concept - challenges @ e -esa

Optimize the mission for two complementary dark energy probes: galaxy clustering and weak lensing;
Minimum survey area of 15,000 deg? (36% of the total sky)
- 6 year nominal mission 2 exposure times, survey area, and viewing constraints are very tightly connected

Weak Lensing: > VIS imager + NIR imaging-photometer
»  Shapes and shear of galaxies with a density of >30 galaxies/arcmin? = limited by backgrounds & straylight
sys < 107
o Very high image quality, high stability
»  Redshift range 0<z<~2, accuracy dz/(z+1) < 0.05 - need ground based g,r,i,.z photometry

»  Minimum Systematics o2

Galaxy clustering > NIR slitless spectrometer

»  Redshifts for >1700 galaxies/deg? > purity & completeness limited by background level and source confusion
>  Redshift range 0.9< z <1.8, accuracy dz/(z+1) < 0.001

> Same area as WL- line Flux limit < 2 10-1¢ erg cm=2s'! 2 VIS and NISP-S exposure times are identical
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euclid ‘&i—'esa

Euclid

REQUIREMENTS
ENGINEERING

Guesy that meany backdated over howrs... k
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Euclid Mission: Requirements flow down

Mission Requirements
Dy t .
ccumen Reading: Lorenzo Alvarez, et

(VR0) al (2016) “Model-based
system engineering approach
i | for the Euclid mission to
Mission Operations {MissioniOperationsiConcept manage scientific and
ConceptPart-A - ———— T (Jgrctis) —_ technical complexity” SPIE,
Volume 9911, id. 99110C

(MOCD-A)
Survey Design

Mission Budget and

Requirement Justification
File

CL-EST-TN-1-004)

Euclid Mission SysML . __________

model
(EUCL-EST-OTH-1-003)

|
|
Calibration Concept |
Document Part-B
(CalCD-B)

Calibration Concept
Document Part-A - ————
(calcD-A)

RS IS,

Payload Element ; i i
System Requirements s Ground Data Processing e Im‘plementatlon Mission Implementation
Requirements Requirements Requirements "
Document q Requirements Document
(SRD) Document Document Document (MIRD)
(PERD) (GDPRD) (SIRD)

€ucid

Y
Ve dd EC-SGS

SVM + PLM VIS + NISP EC-SGS SOC (ESAC) MOC (ESOC)
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Y euclid i\&&i eSsa

Requirements engineering

MRD top-level functional requirements

o Agency
Mission .
Science Lifetime

Functions Architecture

Perform Wide Survey:

15,000 deg2 ECSS Standards

Single Telescope

VIS Instrument
provided by EC

NISP Instrument
provided by EC

Perform Deep Survey: Space Segment
40 deg2

Decommissioning

Passivation

Visible imaging

Near-Infrared Slitless MOC at ESOC

Spectroscopy

Near-Infrared SOC at ESAC

Photometry Ground segment

Provide mission data EC-SGS

products in a Euclid
Legacy Archive (ELA)

GSN with X & K-
band capability

Soyuz Launcher

Launch Segment
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Requirements engineering

@ euclid { ° W \=CSa

MRD Main Weak-Lensing Science requirements

Galaxy Shape Measurement

Galaxy sample selection

Measurement Bias
Control

Photometric red-shift determination

Survey size

Average Galaxy
density

30 deg?

15,000 deg?

85% survey
efficienc

Sensitivity:
mAB = 24.5 (100)

VIS PSF
Shape

FWHM < 0.18"

g < 0.15

2
(RPSF) <4
Rref

Straylight
<20% Zodiacal

Median redshit |vis spectral range

550-900mn

ESA UNCLASSIFIED - For Official Use

VIS PSF
knowledge

Distortion

o(Rpsr)*®

-3
(R2) <10

o(g)< 2x104

PESVE]
< 0.003%

CTI effects

Shear
Model bias

o(enc)
< 1.1x10-4

Additive
olc] < 5x10-4

Multiplicativeo[u]
< 2x1073

Photo-z precision and
uncertainty

o(z)/(1+z) < 0.05
o(<z>)/(1+z) <0.002
feat < 10%

Encircled Ener
Image =

quality

Pixel scale:
0.3"/pix

Mus = 24 (50) in all

Sensitivity bands

Relative Photometric
Calibration P error post-calibration
<1.5%

NISP-P wavelength
range

3 Euclid NIR bands

Number of
phqto-z
bins External g,r,i,z data
under EC
responsibility
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MRD Main Weak-Lensing Science requirements

Galaxy Shape Measurement

Galaxy sample selection

Measurement Bias

Photometric red-shift determination

Control
_ 15,000 deg® FWHM < 0.18” Encircled Energy
Survey size B5% survey Image
efficienc VIS PSF e < 0.15 quality Pixel scale:
_ Shape ' 0.3"/pix
Sensitivity: R Z -
Average Galaxy | mag = 24.5 (100) (P—SF) <4 o Sensitivity J| M = 24 (50) in all
density Rref Photo-z precision and bands
it 2 1
30 deg? _)E'Eravl o VIS PSF ol 1073 UIACLEIR Al Relative Photometric
<?C%0 Zodiacal (R2) 1 0.05 . . : .
knowledge . o(z)/(1+z) < 0. Calibration Qerror post-calibration
. - 0,
Median redshit |vis spectral range o(e)< 2x10 o(<z>)/(1+z) <0.002 “ikod
Z>0.8 550-900mn e . Residual far < 10% NISP-P wavelength
< 0.003% N b ¢ range
umber o
o(enc) _ 3 Euclid NIR bands
CTI effects < 1.1x10-4 phb?’rc]% y4
Additive e ——
Shear ofc] < 5x10-4 esponsib
Model bias W Multiplicativeo[p]
< 2x10-3
Relative
D - For O SElEtter Photometric error 0 06/20

post-calibration
<1.0%



Requirements engineering

@@ euclid { “\W =@Ssa

MRD Main Galaxy Clustering Science requirements

Galaxy sample selection

Survey size

Average
Number of
galaxies

3500 gal/deg?

Galaxy redshift
distribution

Spectroscopic red-shift determination

15,000 deg?

85% survey efficiency

Flux limit Ha-line:
3x10% erg cm?2 st @
1600nm

Flux limit other
wavelenghts:
3.6x10716 erg cm2 s1

Completeness > 45%

Median redshit
0.7<Z<2.05

NISP-P spectral range
1100-2000nm

Redshift (z) precision, uncertainty
and systematic offset

(see SciRD)

Redshift catastrophic error fraction
foar < 0.2%
And
f..: knowledge better than 1%

Y

Wavelength error

NISP-S Imaging of the NISP-P
field with sensitivity

Mug = 24 (50)

Spectral resolution > 250

Z measurement purity > 80%

Subsample >140 000 galaxies

External data under EC

responsibility 2018 | Siide 38




Requirements engineering @ euctid {2 €S2

MRD Main Galaxy Clustering Science requirements

Galaxy sample selection Spectroscopic red-shift determination
Y

P
15,000 deg Wavelength error

Survey size
85% survey efficiency

f Redshift (z) precision, uncertainty | nisp_s 1maging of the NISP-P
Flux limit Ha-line: and systematic offset field with sensitivity

of 2SS IR Er 55 @ see SciRD =
galaxies 1600nm ( ) Mug = 24 (50)

1700 =
gal/deg? Flux limit other

wavelenghts:
2.4x10716 erg cm2 s!

Spectral resolution > 380

Gal_axy_ rec_Ishift
distribution Completeness > 45%

1 o,
Redshift catastrophic error fraction | £ Measurement purity > 80%

feat < 0.2% Subsample >120,000
And galaxies with purity > 99%

Median redshit NISP-P spectral range
f... knowledge better than 1% External data under EC
0.9<2<1.8 1250-1850 nm cat 9 . responsibility
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Straylight requirements changed to level 3 @ s -esa

Level 2 constraints

Image s o
Survey Quality ensitivity

Coverage Duration > — SNR NISP- SNR NISP-
[(15000 degz)] [ ) ] [ R ) [ EII|pt|C|tyJ [ FWHM ] [ EE ] SNR VIS [ P } [ S J
Py Py Py P J

Integration
time

1.

- Straylight requirement moved from L2 to
L3: impact on system performance
understood.

- Detectors, telescope and instrument baffle

design progressing. Controlled by

Baffle design
and
Contamination
RVES

Zodiacal
- Contamination requirements directly [
related to straylight and mission

performance.

- Focus on contamination control across the

“Sure it's beautiful, but I can't help thinking

system to limit the impact on performance. about all that interstellar dust out there.”

System NDI

o

ESA UNCLASSIFIEC 1 i Ciniviur woc Lauren)s — 155> 1 AquIla | Mission 1 | zz/uo/2018 | Slide 40



Straylight requirement change

d \\\l\\u

) euclid ‘\\Q\\\}- eSa

S | h . | . MRD requirements:
- Small holes budget <2%
traylight requirement analysis el o e S
process ; - Sensitivity (Depth)
MOCDA
Input requirement: area
sky scene selection criteria

Straylight

due to sky
scene

contribution

Within
allocation?

PERE%W@W
SRD Requirement: NISP Straylight

Telescope & S/C NDI response ‘ -~

PLM NISP Review allocation
ESA UNCLASSIFIED - Fo analysis analysis
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Latest NDI curve for the red grism channel

Red Grism
0.001 0.01 01 1 10 100
1 E+03

N
&
E
®
(7))
Q

1E+02

1E+01

1.E+00

1.E-01

1E-02

— A7=2475deg

1B ———————— Requirement Red grism

_________ Maximum erveloppe

MDI [MISP FPA]

14— Minimum enveloppe

1E-05

1E-06

1E-07

1.E-08

1.E-09

ncidence anglevs LOS [deg]
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@

eudid { = @Sa

THE UNIVERSE ISN'T

COMING TO AN END,

SCHNEEBART — YOU

JUST LEFT THE LENS
CAP ON!

Euclid \

§
iR —

@ ] Baloo 7

DESIGN SOLUTIONS T
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“Novel” System solutions (1) i o Cesa

O SiC Homothetic design for he payload: same coefficient of thermal expansion

» All mirrors, baseplate, truss, brackets are made of SiC
O Large FoV telescope (0.8x0.7 deg), with large dichroic > Korsch TMA (flat FPA)
O Stable pointing: sophistic Attitude and Orbit Control System

» Reaction wheels stop rotating during a science exposure

» Optical gyroscope for stability at short time intervals

» Fine Guidance Sensor using the telescope, with absolute pointing capabilities
(to calibrate the startracker)

» Cold pressurised gas for actuation during exposure
» “compensating mechanism unit” to counter the NISP filterwheel torque
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“"Novel” System solutions (1) (@ o -cesa

O K-band operations > 850 Gb/day (assuming 4 hours of station time)
» New file transfer protocol between spacecraft and Earth (CFDP)
» Use of flash memory

O Customised Sensors

» Infrared: H2RG (HgCdTe) sensors with 2.3 micron cutoff (Teledyne
+ NASA)

» Optical: CCDs e2v model 273 - better equipped against radiation,
low CTI
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Mission Implementation (1): Payload Module } euctid 2 @S2

You'VE GoT zn-z :nolr’\rllolr :rﬁ:\:lci Dichroic NISP
uidance
Vfﬂ‘1 GooD EYESIGHT.: Sensor

VIS focal
Plane

M2@irror,MM2@nechanismll (o
andiM2iaffled

M2&russkl

baseplatel

External@afflel

FOM3
VIS Shutter mirror

Unit

M3 mirror

PLM-SVMBtrutsk
NISP@adiatorl

VIS@adiatorz—=&
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Module

/U“ euclid “\&%esa

\
\

—

\ e

TT&C
Equipment panel
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Mating of the SVM and PLM @ e Ccsa

£S5
sas
Star Tracker

HOA

LGA

1475 Thrusters RCS Thrusters =
ESA UNCLASSIFIED - For Official Use



Instruments - VIS

Cold Plate

Electronics Structure

2 ROEs

ESA UNCLASSIFIED - For Official Use

euclid “\k&&; esa

O Focal plane assembly, with read-
out electronics, and power support
units

O  Shutter or door
O Calibration unit
O One wide band 0.55-0.90 micron
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Instruments - VIS

d STM FPA and the AVM parts

%

ESA UNCLASSIFIED - For Official Use Laureijs - ISSS I’Aquila | Mission I | 22/06/2018 | Slide 51



InStrumentS - NISP @ euclid \&Mesa

O Three Red grism with 0°; 90° and 3
180° dispersion: 1250 — 1850nm @

0 One Blue grism with 0° dispersion:
920 — 1300nm

v Y Band: 950 — 1192nm
J Band: 1192 — 1544nm
v" H Band: 1544 - 2000nm

\

Connectors bracket (x2) |
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Instruments: NISP STM parts @ ewie (-esa

O STM = structural thermal model
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System Performances ) evis {2 @S2

lattitude range l57* < sAA < 121°, -8° < a <8
bointing Requirement Performance
jAbsolute Pointing Error (APE) 99.7% CL 7.5 arcsec, 6.25 arcsecon ¥, and ¥
helative Pointing Error (RPE) 99.7% CL 75 mas / 700 s 70SonX , 473onY¥
F“' of fiekds, dithers, large slews I];C:: fields, 4 dithers per field [ 100", 16 large slews per
purvey h‘lax accumulated maintenance time 2 months in & years
IField overlap < 1% [99.7% CL)
Requirement Performance
|PSF FWHM (800 nm, 700 s) = [0.155 arcsec <10.141 arcsec
|PSF ellipticity (E00nm, 700 5) = 14% <10.4%
[¥15 Image quality ksr R* (800nm, 700 s) < 0.055 arcsec’ <().054 arcsec®
b—:lliptic'rty, R® variation (S00nm, 11000 s) = 2% <1.4%
IMaximum Encircled Energy (EE) radius 50% J80% 50% /S 80%
IMISP Image quality & 1033nm 15.2 nm / 43 nm 16.5nm / 41.4 nm
& 2000nm 31.5nm / 77 nm 27.1nm J 75.6 nm

These are the performances derived by the prime contractor (TAS), for S-CDR
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Survey Design @ e Cesa

O The Euclid Collaboration is responsible for the survey plan according to
» Scientific requirements for the wide survey and deep survey
» Operational constraints

» Calibration requirements (to remove instrumental effects)

O Wide Survey:15,000 deg2, in 6 year nominal mission

O Deep Survey: 40 deg2, 2 mag deeper than the wide survey
> Ecliptic poles (2 fields)
» Fornax field (1 field)
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Euclid Survey Development @eumd &:esa

Euclid will survey 15,000 deg? in 6 years nominal mission

The survey plan has to take the following issues into account:

S/N depends on sky background and source density (for spectroscopy)

Required calibrations and the deep field observations

Each Field consists of 4 dithered exposures, and the overlap between fields is at most 2%, no re-visit
Spacecraft slewing overheads and viewing constraints

Viewing angles are also constrained by the thermal stability of the payload, to minimise biases in the PSF

VvV V V V VYV V

Exclusion of the galactic plane, the ecliptic plane, and regions with high galactic extinction.

This is a non-trivial exercise and is closely coupled with the performances of the scientific instruments,
telescope and satellite (straylight, pointing stability, and thermal stability).

The survey pointing plan is developed by the Euclid Consortium and delivered to the SOC for scheduling and
maintenance.
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Reference Survey (for M-PDR) @ i

Area (10° sq. deg.)

o os 1 15 2 25 3 35 4 45
Time (year)

This is the survey plan
developed by the EC
survey group, scheduling
algorithm by J. Dinis (Univ.
Lisbon).

It shows the feasibility to
build a survey satisfying
given constraints - this
Mollweide projection in ecliptic coordinates, different colours give different years of the was done for the Mission
mission. Each field is indicated by a small rectangular box. The curved line is the preliminary design review.

galactic plane. Overlayed are the constellations.
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Ground Segment @ e esa

Consists of three major elements
O Operational Ground Segment (OGS): Mission operations centre (MOC) for the satellite in orbit
» Satellite Operations (uplink/downlink telemetry, commanding)
» Orbit maintenance
» Management of ground stations for Euclid
» First line of housekeeping monitoring to check systems health
0 Science Operations Centre (SOC): scientific operations and science data handling
» Survey Execution: delivery of the pointing plan to MOC
» First level of data processing
» Science data (quality) monitoring
» Data distribution via the Euclid Archive System
O Euclid Consortium science ground Segment (EC-SGS): data processing and product generation
» Scientific data processing
» Provision and development of the processing pipelines

SOC and EC-SGS should conserve the knowledge of the mission and the products to ensure correct
interpretation of the data.
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I
. V[ el | /7 s
G rO u n d S e g m e n t J :"—=,_i-)_;§:5r;'ldl} Routine Ground Stations NNO-2 I euc"d \\\;— esa
. I S S (An) 1
O p era tl ons | coana | ) ) . a‘ wsp(tec) | |
I » (~26GHZ) / / . I
I OGS ESTRACK DSN: CEB, MLG, (NNO) $ KOU (TBC) |
1 § 1 .
I ‘ g}GCs&E }*‘ Sclence Dala]__ | O p e ra tl O n S
I | SVT: TM, TC TT&C: TM, TC, Tracking I G ro u n d
jresonesenenene — == .'I- [ Network iF | | Simulator || 1
|| sGS | -Essiscs | aLAHms| | — | Segment
: M LE1 | T I ;L ‘ Eonltrol | Flight Dynamics Sys. | !
: Lsi — e — — _LEiH J I ) | Ops Support Tools | :
: = T [ ] LadlE ' Operational DB . MOC (ESOC) :
- vis| NIR| sIR| Ext| ! [ ' |
ESE: Survey planning .J | T | 1 ‘ SJIC DB ‘ ‘FDS DB‘ ‘ SDE!SVF | I
| S e oo A —— -
: [‘E‘-;S Lg\s.eglr;ug.;orégea;g:nggmmnng ﬂnd_I —— ility I:l Migsion Ops GS (ESOC) Industry Responsibility :
] ;‘\Iﬂls_ \I‘:]Iglgrg;;sosr:]gw processing i .
' | T Seeciooum i 1 ! ! ' SGS processing is tailored for
Sclence i fbaie s | SPE| - SHE| PHZ| | | ! pl g
Ground | | | ' cosmology
1
Segment! i | || : S .
i ECSGS ws 1 ECSGS - scientific data processing
— ! and products generation are

provided by the Euclid Consortium
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Legend

SGS processing flow - @EFED) oo

Science

EXT

Wor — e M. Sauvage [L2, L3 products]
- photometric images & Opject Data product stored
1 surveys stacks ellipticities in EAS
| +PSF o
1
: atch pel Operation performed
| object ID. by the EAS
Cosmoalogy : NISP-3 Object
simulation H Calibrated spectroscopic
| object spectra redshift Operation/Decision
: performed at PF
| interface
! Source list for
' NISP-S fields - Data processing path
1
! ———e Simulated data injection
1 Catalog
NISP Catal
: Calibrated Catalog Ob?ei? Object
1 Levell NISP Images & Object sition position,
b= P+8 product g position & po ! photometry,
B : stacks photometry photometry & spectra &

Survey Plan Mlssac;l;eData : +PSF specira spec-z
1
: Refined GAIA Catalog
! astrom. Chject .
| reference Object position, Science
i photometric photometry, Working
: VIS redshift - ;pgc;r;,hm
: Leveld VIS Calibrated N
T product

Object
ellipticities

GAIA astrom.
& photom.
reference

Level 1
processor

Catalog

Object
position,
iti i photometry,
Spacecraft HK I;gﬁlrﬁgglglj PSE model spactra,
spec-z & phot-

z, ellipticities



SGS design and development @ ..ou ¢ csa

a few more words...:

O Micro-pipelines - “code to data” instead “data to code”

O Agile development - science challenges and IT challenges

O Archive is an important central component: | Euclid Archive
» Consists of 3 components: DPS, SAS, and DDS
» Functions for (giant) tables
» Common Data Model

System

ESA UNCLASSIFIED - For Official Use
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= (e
@ eucid { ~@Sa

Euclid
MISSION OUTLOOK

“I've seen out to the limit of the observable
universe, and befleve me, It's no better outthere
than It Is here.”
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Industrial Geographical Distribution

Moog — RW study
ADSNL —AOCS Core Team, AOCS SW

ADSNL — PLM struts & radiator StBatim:=Sic Rowdey

Ruag - CDOMS
OHB - RCS, MPFA

Terma — CCS
Celestia — TTC SCOE parts SSF - FGS ASW
Spacebel —ASW Celestia- PL@MQ’ - parts Terma — PCDU, CDMU Emulator

AMOS — M2 M3 polishing
AMOS - FOM, Collimator
Qinetiq — PLM baffle

TAS-B - M2M PS, TWTAs

Rovsing - PLM PA support

Rockwell : RWL study, RWL
Tesat — CPPA support, K-Modulator

ADS - MMU
STI-SSH
McGinley — FDIR System support OBJ — Dichroic plate
E2V-FGS CCD HPS - TT&C ARA
SciSys — CFDP validation MTA - RCS tank
MOOG - MPS/RCS miscellanea Azur— PVA cells
Captec - ISVV GMV — System support
Astri Polska — MMU EGSE
ADS — PLM lead Sener — SVM MGSE Batch2

REOSC —AC fiat, M1 polishing
Boostec — Sic Structures

Saft — battery

TAS-F — S/C Test facility

Sener — ADPM support

Siemens — PWR SCOE
Siemens — PCDU support

Y Lyl
euclid { = @SAa
(@@ evaie &

Not only scientists benefit
from the mission. It is also
meant to boost the space

industries in Europe.

Ruag — SSH structure
Ruag — PLM struts & radiator study

Siemens — TTC & AOCS SCOE support

Siemens — PLM & TMTC SCOE support
Maxmechanik - PLM MGSE support

Apco — SVM MGSE batch 1
Apco — PLM MGSE batch 1
Apco - PLM VIS radiator

Schott — Folding mirrors coating
Schott — Dicroic study

Syderal — MPA, ADPME

GMV — SVF support

HPS —STCS support, SSH TCS
HPS — PLM MGSE Support
Active Space — STCS MGSE
Active Space — KTX GSE

Altran — STCS Support

Edisoft — ASW support

Deimos —AOCS ESE

1SQ — PLM Struts support

LKE — PLM thermal analyses
Serenum — TT&C ARA support

Elettra — FGS unit tester
INCAS — RCS & MPS parts
Siemens - CCS parts
Atexis — PLM PMO support
Sonovision — SVM hamess

Sener — AOCS Lead, MGSE batch 2
Sener- PLM M2M
ALTER - CPPA
CRISA-FGSEU
ADS CASA - STCS subsystem
TAS-E - TTC lead, RFDA

GTD : ASW support

Mersen — PLM Sic Tools
Navair — SVM hamess MAIT

e Ruag — CDMU /0, MGSE batch 2, PLM TH
HW

Teletel - ASW coding, ADPME
Siemens — TTC Scoe, PLM TMTC SCOE

Siemens - Pwr SCOE support

TAS-1 - Prime, DST, HGA Core team
TAS-| — coarse rate sensor
Selex- FGS lead, MPA lead, PVA
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Project Development: timeline @ owiv (esa
We are
here!
Launch
Definition M-CDR Dec 2021 Operations
2024 2028
| | ] '
A A S
Implementation/
Proposal Mission development End of
selection Adoption nominal mission
llllllllﬂﬂﬂﬂﬂﬂﬂﬂﬁllllllll’b
ESA: Project + Industry ESA: Mission Manager, MOC, SOC,
EC: instruments Euclid Product Archive
ESA+EC: ground segment and EC: Instrument Operations Teams,
operations development (MOC, ECSGS

SOC, ECSGS)
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Data release plan: preparing the scientific return (@ eucid £~ €S52a

Launch
: Routine Operations Mission Extension
I Commissioning 6 years 1+ years (optional)
1 3 months
1
1
1
1
1
il
|
1
1
||
1
1
170 a1 DR1 Q2 DR2 as Q4 DR3
T1=TO+14 Ti+l yr T1+2 yrs T1+3 yrs T1+4 yrs T1+5 yrs T1+6 yrs
months
End of Nominal
Mission
0 2 4 6 years 8

Note: the mission duration is limited by the availability of cold gas
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