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ESA facts and figures {=esa

= Over 50 years of experience
= 22 Member States

= Eight sites/facilities in
Europe, about 2300 staff

= 5.75 billion Euro budget
(2017)

= Over 80 satellites designed,
tested and operated in flight
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Purpose of ESA \\\&Si;esa

“To provide for and promote, for exclusively peaceful
purposes, cooperation among European states in
space research and technology
and their space applications.”

Article 2 of ESA Convention
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Member States *\&Qﬁeesa

ESA has 22 Member States: 20 states
of the EU (AT, BE, CZ, DE, DK, EE, ES,
FI, FR, IT, GR, HU, IE, LU, NL, PT, PL,
RO, SE, UK) plus Norway and
Switzerland.

Seven other EU states have Cooperation
Agreements with ESA: Bulgaria, Cyprus,
Latvia, Lithuania, Malta and Slovakia.
Discussions are ongoing with Croatia.

Slovenia is an Associate Member.

Canada takes part in some programmes
under a long-standing Cooperation
Agreement.
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Activities

space science human spaceflight exploration

navigation

ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

earth observation launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

telecommunications

tec hnolgy

operations
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ESA’s locations {cesa

’ ESTEC (Noordwijk)

ECSAT (Harwell)

EAC (Cologne)

ESOC (Darmstadt)
Oberpfaffenhofen

Washington
Houston

Maspalomas ESA HQ (Paris)

Santa Marg

Kourou Toulouse

' New Norcia

Malargie

B ESA sites ESAC (Madrid)
. 2 y Cebreros ESRIN
® Offices B ESA Ground Station + Offices (Rome)
B ESA Ground Station ® ESA sites + ESA Ground Station ,
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ESA budget for 2017: 5.75 BE {cesa

ESA Activities and Programmes

Programmes implemented

CH: 3.8%, 145.1 Mc [l | M UK: 7.9%, 300.0 M€E for other institutional

SE: 1.9%, 72.3 McM \ BCA: 0.3%, 13.1 M€ partners
ES: 4.0%, 151.2 MER \ \‘\\ \\ /,/’ / / SL: 0.1%, 3.4 M€

RO: 0.8%, 30.0 ME| S L& M Other: 5.6%, 209.8 M€

\ \ 7 Income from EU:
PT: 0.5%, 17.0 M€ % X \ / / / I’ B AT: 1.2%, 47.1 M€ 86.1%, 1697 .9 ME
\ \ \ \ / /,’ / £
. . x . \\ \\\ \.\ \ "/ // P A . o

PL: 0.9%, 34.6 MEM N L /4 7 ERBEI5:5%; 2060 M Income from Eumetsat:
NO: 1.7%, 63.5 MEl——__ A4 M CZ: 0.9%, 32.7 M€ :.3%, 182.7 M€

NL: 1.9%, 72.0 M€ i /l DK: 0.8%, 30.5 ME Other income:

LU: 0.6%, 22.3 MCl — MEE: 0.1%,2.5 M€ :.s%, 90.7 M€

1 FI: 0.5%, 19.4 M€
I DE: 22.7%, 858.4 M€

Total:

IT: 14.6%, 550.0 ME 3.78 BE

. ) .
IE: 0.5%, 17.8 MCH-_ Total:

HU: 0.2%, 6.2 ME 1.97 BE

GR: 0.4%, 14.6 ME |
FR: 22.7%, 855.9 M€ [l

B€: Billion Euro M¢€: Million Euro
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ESA budget for 2017: by domain {cesa

Navigation* = ;
17.6%, 1,010.8 M€ /

Prodex
0.8%, 47.2 ME

Launchers* A——
18.9%, 1,088.4 M€ = e

Space Science
8.9%, 513.1 ME

. Basic Activities

B€: Billion Euro 4.1%, 234.8 ME

M¢€: Million Euro

*includes programmes
implemented for other
institutional partners

Budget 2017
5.75 B€

Associated with General Budget
3.9%, 222.3 M€

Human Spaceflight
& Robotic Exploration
11.0%, 633.0 ME

Earth Observation*

26.9%, 1,543.3 M€ | Telecom & Integrated Applications*

5.6%, 319.0 ME

/ \ \ ) Technology Support*
European Cooperating \ 2.0%, 114.3 ME
States Agreements S : :
pace Situational Awareness
0.1%, 5.5 M€ & 0.3%, 15.1 ME
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Staff by nationality in 2016

Austria -»

Belgium FUER )

Czech Republic |}
Denmark .)
Finland .}

France [ELEN

Germany [EZIN [ )
Greece [EIN )
)

Ireland

ttaly RN

Luxembourg |)
Netherlands |3

Norway [ ) 4

Poland |}

Portugal 28
Romania [0 r} Total international staff: 2289
spain X
sweden [EZNN )
Switzerland i
UK |EEEH I

Canada
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ESA directors

Science

Alvaro Giménez

Cafiete

Director General
Jan Woerner

o

®
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DET T

Technical & Quality
Management

Franco
Ongaro
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Launchers

Neuenschwander

Human Spaceflight
& Robotic
Exploration

DEVT |
Parker

Earth Observation

Josef
Aschbacher

Jean Max
Puech

Internal Services

Telecomms
& Integrated
Applications

Magali
Vaissiere

Operations

Rolf
Densing

I+l

Galileo &
Navigation-related
Activities

Paul
Verhoef
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ESA and the European space sector Kiesa

ESA Member States finance 50% of the total public space
spending in Europe. Because of the cooperation between
ESA, EC and the national space agencies:

The European space industry sustains around 35 000 jobs;

Europe is successful in the commercial arena,
with a market share of telecom and launch services higher than
the fraction of Europe’s public spending worldwide;

- European scientific communities are world-class
and attract international cooperation;

Research and innovation centres are recognised worldwide;

European space operators (Arianespace, Eumetsat, Eutelsat,
SES Global, etc.) are the most successful
in the world.
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ESA’s industrial policy

About 85% of ESA’s budget is spent
on contracts with European industry.

ESA’s industrial policy:

Ensures that Member States get a fair return on
their investment;

Improves competitiveness of European industry;
Maintains and develops space technology;

Exploits the advantages of free competitive bidding,
except where incompatible with objectives of the
industrial policy.
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Birth of commercial operators {zesa

ESA’s ‘catalyst’ role

ESA is responsible for R&D of space projects.
On completion of qualification, they are handed
to outside entities for production and
exploitation. Most of these entities emanated
from ESA.

®
n
Q

)y
inmarsat

Meteorology: Eumetsat

&> eutelsat

» =
arianespace
service & solutions

Launch services: Arianespace

=

EUMETSAT

Telecoms: Eutelsat and Inmarsat
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ESA Council {cesa

The Council is the governing body of ESA.

It provides the basic policy guidelines for ESA’s activities. Each Member State is represented on the
Council and has one vote.

Every two to three years, Council meets at ministerial level (*Ministerial Council’) to take key
decisions on new and continuing programmes and financial commitment.

The ESA Council at ministerial level also meets together with the EU Council to form the European
‘Space Council’.
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Ministerial Council 2016, Lucerne KQ:GSH

Ministers declared support for the ESA Four Resolutions were adopted:
Director General’s vision for Europe in space and
the role and development of ESA: now the
Space 4.0i era can start with ESA committing to
inform, innovate, interact and inspire. The - Level of Resources for the Agency’s
next Council at ministerial level is scheduled for Mandatory Activities 2017-21;

the end of 2019 in Spain. « Guiana Space Centre, 2017-21;

- ESA Programmes.

« Towards Space 4.0 for a ‘United Space in
Europe’;

a  Councll Meating at Ministerial Lavel
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Space 4.0: a new era of space

Space 4.0 represents the evolution of the space sector into a new era:

From being the preserve of the governments of a few spacefaring nations, to an increased
number of diverse space actors around the world;

With the emergence of private companies, participation with academia, industry and
citizens, digitalisation and global interaction;

Analogous to, and is intertwined with, Industry 4.0, which is considered as the unfolding
fourth industrial revolution of manufacturing and services.

innovierep

TEYETLI
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Space 4.0i (<

Space 4.0 is adapted to an ESA-specific derivative, ‘Space 4.0i’, which describes the
way ESA will play its role as a space agency for Europe.

CSd

Space 4.0i combines the described global situation of space developments with the '’
standing for an ESA-specific interpretation of the tasks:

- ESA innovates - through more disruptive and risk-taking technologies;

« ESA informs - through the reinforcement of the link with large public and user
communities;

- ESA inspires - through the launch of new initiatives and programmes, both current
and future generations;

- ESA interacts - through enhanced partnerships with Member States, European
institutions, international players and industrial partners.
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Activities

space science human spaceflight exploration

navigation

ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

earth observation launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional, ‘
funded ‘a la carte’ by Participating States. operations technology telecommunications
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ESA Establishments and Centres in Europe *\&i\‘cesa

ESA-Headquarters (HQ)
Paris

European Space Research & Technical Centre (ESTEC)
Noordwijk

European Space Operation Centre (ESOC)

: Darmstadt
European Space Research Institute (ESRIN)
Rome

European Astronauts Centre (EAC)
Cologne

ESA-Redu Centre
Redu

European Space Astronomy Centre (ESAC)
Madrid

NEW site: European Centre for Space Applications and
Telecommunications (ECSAT)
Harwell
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ESA Optoelectronics Section

(s

{cesa

. Laser developments - provide support to:

« Lidar missions: Aeolus, EarthCare
« Lasers for quantum technologies:
« Atomic clocks
« Cold atom inteferometry
« Future Gravity mapping and gravitational wave
detection

. Detector developments

« CCD and CMOS
« MCT
« X-ray, Far-IR, THz

. Photonics

« Fibres and sensors
« Optical telecoms
« Microphotonics

. Optoelectronics Test-Facilities

Optical Ground Station (Tenerife)
Laser diode testing

LIC and LIDT testing

Mobile Lidar

Detector Characterisation

ESA | 21/04/17 | Slide 20
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Quantum Technologies

Quantum Sensors
- Cold Atom Interferometry
Ui Fundamental Ph_yS|_cs
il Gravity Mapping

Quantum Optlcs ; : "
~+ Entangled states |n grawt‘
- gradientc o s el
| -Qua._ntum.-En,fffﬁf, pti
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Cold Atom Physics

Why cold atoms?
. Study/obsﬁternal structure of free ato # solid state physics)

. Atom waves ntially more interesting thaf@lectron or neutron

waves (neutral + rich internal structure)
. Interaction with external electric. fields and‘

¥ . A

BUT: RT atom speeds ~ 300 m/s
. ‘Atom beams have low coherence = difficult to handle as waves
. Limited*observation time (few ms) on a table-top experiment

Low temperature physics p
. 4K (LHe) He thermal velocity"~ 90 m/s
. Cryopump effect: condensation ™ no gas phase

A .
<
Laser cooling techniques:

Magneto Optical Traps (MOT) < 10uK (100nK) ~ fe"v cm/s (mm/s)
Adiabatic Expansion

Raman Cooling

Velocity Selective Coherent Population Trapping

Evaporative cooling in magnetic or optical traps ~ 100nK “y

Sympathetic cooling (involving more than one species
¥ i g ( 9 P ) Phase Transition to a Bose- Elnsteln Condensate
ESA UNCLASSIFIED - For Official Use A | 21/04/17 | Slide 23
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Magnéto Optical T

Laser beam

a

m = -1/2
*q

b

i

(a) Interfering, counter-propagating beams

A
o~ gm{

<==mmaVe|ocity

Force mmmmm

"o

Forcem=>

1

Velocity s>

having orthogonal, linear polarizations create
. a polarization gradient. (b) The different

Zeeman sublevels are shifted differently in

light fields with different polarizations; optical

pumping tends to put atomic population on
..ﬁhe lowest energy level, but non-adiabatic
«Inotion results in "Sisyphus" cooling.

"4 ESA UNCLASSIFIED - For Official Use

1997 Nobel Prize in Physics — Stephen Chu,
Claude Cohen-Tannoudji, and Wiliam D. Phillips

Credit: RAL Space

distance from trap centre

780.24nm

3 036 MHz

F=4
121 MHz
F=3
63 MHz
F=2
29 MHz
F=1
1 I
1 1
1 I
| |
I |
I I
1 I
1 I
F=3




Atom Optics

What is needed:

Coherent mechanism providing the
equivalent of mirrors, beam splitters
and lenses for cold atoms beams

Stimulated Raman transitions
Two counter-propagating laser beams

stimulate Raman transitions between

absorbed + emitted) ]

hypesfine ground states Q« )
Bgbvides a recoil from the two photons

Large detuning, A/ teduces probability

ofiexcited state |/ > becoming
papulated '

penging on how Igng they are

applied, stimulated Raman transitions

act as mirrors (n 'pulse) or beam
splitters (n/2 pulse)

ESA UNCLASSIFIED - For Official Use
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Cold Atom Interferometry (CAI) \K ceSa
2D MOT loads 3D MOT with high flux ~ 10° ato
3D MOT cools atom clouds ~ 108 87Rb atoms <
Atomic state prepﬁ for atom optics seque

‘ N Y
Raman n/2—n—n/ quence
Detection by fluorescence

1011 improvement!

Interferometer 4o — —
: qulight = Q A
Detection AC
. dr — —
\'}\ o (pamm = A. Q ‘ A
- \5' (/Bv
7 AR > 2
'* mc
A MOT 2 —
. Agpatom - o A(plighr
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CAI Applications

ESA UNCLASSIFIED - For Official Use

Fundamental Physics:
lesting General Relativity
Short-Range Forces
Atom-Surface Interactions
Fundamental Constants
Electron Electric Dipole Moment
Spin-Gravity Coupling
Quantum Fluctuations
Decoherence

Gravity Mapping (s,

{cesa

Accelerometers for Drag-Free Systems

Inertial Navigation
Attitude Monitoring

Deep Space Accelerometers
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Activities

ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

navigation

telecommunications

earth observation launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

tec hnolgy

operations
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Science mission studies {cesa

Space-Time Explorer and Quantum Equivalence Principle Space Test
*ESA Cosmic Vision proposal - 2011

HYPER Industrial Feasibility — 2003 *Feasible? Yes
Credit: EADS Astrium GmbH *Outstanding Science? Yes
*Payload TRL challenges? Yes

HYPER

Hyper-precision cold atom
interferometry in space

e o S S— | GI— S— — — | —  — a—
o —
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M3 Candidate STE-QUEST

Theme What are the fundamental physical laws of the Universe?

Primary Goal To test the Einstein’s Equivalence Principle to high precision and search for
new fundamental constituents and interactions in the Universe.

Observables « Differential acceleration measurements of freely falling atoms;
« Clock redshift measurements.

~7000 km
. : 2 5 ~3000 km
Atomic Clock Cold atom microwave clock with optical o
. -
oscillator for short term performance. \ ent®
* " Transition:

[:]:] (no instrument ops)

\ Microyvave (&
% / T&F links
Dual-species Rb85, Rb87 cold atom WEP \ ‘
interferometer for differential tests: '
acceleration measurements. Inertial

pointing

Transition:

« . (noinstrument ops)
L] ",

LT

ESA UNCLASSIFIED - For Official Use
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Science missions selection and implemenatation

Missions are selected through open Calls
2007: Call for M1/M2 and L1 mission
2010: Call for M3 mission
2012: Call for S1 mission
2013: Call for L2/L3 missions science themes
2014: Call for L2 mission, Call for M4 mission
2015: Call for ESA/CAS S2 mission
2016: Call for M5 mission, Call for New Science Ideas, Call for L3 mission

Four type of missions considered today: L, M, S and O missions
LARGE-Missions: ~ 2 ESA Science Programme yearly budget (1B€ cost to ESA
excluding payload), possibly with international partner(s), typically 6-7 years
preparation, then 7-8 years development (Phase B2/C/D)
L1 = JUICE, L2 = Athena, L3 = "The Gravitational Universe”
MEDIUM-Missions: ~ 1 ESA Science Programme yearly budget (500 ME cost to ESA
excluding payload), ~ 4 year preparation (Phase 0, A, Bl studies and technology
activities), then 6-7 years development (Phase B2/C/D)
M1 = Solar Orbiter, M2 = Euclid, M3 = PLATO, M4 = ARIEL/THOR/XIPE
SMALL-Missions: Member State led (50 M€ cost to ESA), use of COTS technology, fast
cycle ~ 4-5 years phase A-D.
S1 = CHEOPS, S2 = SMILE (jointly with China)
OPPORTUNITY-Missions: Other Agency led, ESA contribution on case by case basis

ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 32
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Science Programme Ti

Large Mission
Observatory Class
Major advance in a field
ESA cost: 1000M€E

Medium Mission
Ambitious Science
ESA cost: 500M€

Small Mission
Targeted science
ESA/member state
ESA cost: 50ME

ESA UNCLASSIFIED - For Official Use

JUICE L1 Launch
JUICE

;
]
i
g
ATHENA !
eLisa !

L1 Selection L1 Adoption
L2: “The Hot and Energetic Universe” ATHENA
s

L-Class
Missions

ATHENA L2 Launch

L2/L3 Mission
Theme Call A
L2 Mission

Call | o
Selection

L2 Adoption

L3: “The Gravitational Universe"

L3 Launch

Solar Orbiter M1 Launch
Euclid M2 Launch

=)

v

=

M-Class
Missions

PLATOMS3 Launch

A

M3 selection M3 Adoption

M4 Launch

'
i
v
.
'
il

'

'

’.4..JL..

A

M4 selection M

s1 CHEOPS
Mission Call Mk A <\//L,> CHEOPS S1 Launch
s1

S1
Selection Adoption
SMILE

Joint ESA/CAS
isson O oppanity M—al A 4\>> SMILE Launch
Call

Selection Adoption

Y

Adoption

S-Class
Missions
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CAI Applications

ESA UNCLASSIFIED - For Official Use

Fundamental Physics:
Testing General Relativity
Short-Range Forces
Atom-Surface Interactions
Fundamental Constants
Electron Electric Dipole Moment
Spin-Gravity Coupling
Quantum Fluctuations
Decoherence

Gravity Mapping (s,

{cesa

Accelerometers for Drag-Free Systems

Inertial Navigation
Attitude Monitoring

Deep Space Accelerometers
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Activities

space science human spaceflight exploration

navigation

ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

telecommunications

tec hnolgy

operations
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GOCE

GO'CE: Gravity Field and SteaJState
Ocean Circulation Explorer

Main instrument: Electrostatic Gravity
Gradiometer (EGG) - a set of six 3-
axis accelerometers mounted in a
diamond configuration in an ultra-
stable structure

Each accelerometer. pair forms a 50
cm long gradiometer-arm

Three arms are mounted
orthogonally: along-track, cross-track
and vertically
Onboard GPS receiver used as a
Satellite-to-Satellite Tracking
Instrument (SSTI) supplemented the
gradiometer measurements

ESA UNCLASSIFIED - For-Official Use




Measurement Concept
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Earth Gravity - Applications

« Use satellite and grouna?d;ta o+
modelling

Solid Earth
Geophysics
Geodesy
Hydrology
Oceanography
Ice sheets
Glaciers
SIERIEVE]
Atmosphere

Applications:
Civil engineering, prospecting,
etc.
CCI (ice sheets, ocean

transport, seasonal effects)
ESA UNCLASSIFIED - For-Official Use
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CHAMP and GRACE
LOW-LOW SST

LW
R\

=
\/
\/

GNSS - Satellites

N\

GNSS antenna
GNSS antenna

ﬁ";Lm--:m

Accelerometer
Proof Mass Accelerometer
Proof Mass

Mass - Anomaly

B s

Credit: Airbus DS
ESA UNCLASSIFIED - For Official Use
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The Washington Post §

Democracy Dies in Darkness
A

BB o Sign in News Sport Weather Shop Earth Trave

NEWS

Home = Video | World | UK | Business | Tech | Sclence | Magazine | Entertainment & Arts rds at By Todd C. Frankel

Science & Environment tr a | I

Goce gravity boost to geothermal hunt Satellite system flags stressed aquifers

By Jonathan Amos
BBC Science Correspondent, Vienna

More than half of Earth's 37 largest aquifers are being depleted, according to
gravitational data from the GRACE satellite system.

O 16 April 2015  Science & Environment
Yearly trend in aquifer water-level anomolies
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Iceland is famous for its geothermal power stations, but the resource globally is under-developed

The hunt for sources of geothermal energy is getting a boost from new Photo take
observations of the Earth made from space.

Source: Water Resources Research
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Earth Observation Future needs {cesa
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ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

navigation

telecommunications

earth observation launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

tec hnolgy

operations
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‘. e SRt Dual downlink (2004)
Quantum Optlcs - SCIence

Interaction between graVIty and quantum entanglement
- The interaction betweén an entangled quantum state *
propagatlng through a gravity gradient (eg. away from =~ , \ \
earth)ls u cnown. Experiments using the ISS or other - Sy it N\, Single uplink (2013)
+ space pla['f ms are proposed by the science communlty s ; ] ) ]
and studied ?at o o R i B 1SS orbit Integration time <70 s
YL : 400 km Z4id)-

NADIR

Minimal
elevation 51°

400 m-500 m

Creation and study of long distance entanglement:
« Past: 143 km links between Tenerife and La Palma
demonstrating entanglement (2007) and quantum
teleportation (2013)
il S » Future: extending to > 500 km requires space (ISS,
: IQOQI ‘e Ry GEO, moon or others) ESA | 21/04/17 | Slide 43
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Activities

space science human spaceflight exploration

navigation

ESA is one of the few space agencies in
the world to combine responsibility in
nearly all areas of space activity.

earth observation launchers

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

technology telecommunications

operations
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ceSa

Quantum Q’ptms g oECcure Communlcatlon

y |I|§at| on 6f quantum cryptography for Iaser

communi “on links:
) SSi aI laser communlcatlon llnks are
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application scenarios-and busin 385 Cases
Strong benefits from ESA’s classjcal laser
communication developments 2%
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UK National Quantum Technologies Programme Q‘

P N
5 year, £300 million UK programme to expedite the commercialisation of Quantum 2.0
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UK National
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Quantum Technologies for Space {cesa
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UK National

Cold Atom Interferometry @ Quantum Technology Hub

in Sensors and Metrology

Applications: Inertial sensing and Navigation, Gravity mapping, Fundamental
physics

Missions: Future satellite gravity gradiometry, Fundamental physics
Activities: Technology d

I

\
:
Interest: UK Quantum Communications Hub and industry partner BT to participate

) A
M as major player in European collaboration efforts
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Quantum Cryptoqraphy b\\“ﬁagMUNICATIONs | » et

Applications: Emerging markets in long-distance secure quantum communications

Missions: Future quantum communications missions development supported by
ScyLight Element of ARTES programme
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GAIA CCD Array .

At FPA Ievel =1 b|II|on plxels comp,;',' i
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Gaia (MLI removed) Payload Module (telescopes)

@Sa AD. Shon - July, 2009
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Why Quantum Technologies in space? \\\&\gesa

Unique feature of space: What's in it for ESA?
« Infinitely long “free fall” QT promises:

- Large gravitational potential . better sensor performance

variations (many altitudes possible) . better measurement accuracy

« Large velocity variations

* Quiet gravitationa ige
« Long interaction times

- faster computatiol

. Could do all these things ina
fundamentally different way

« Large free-propagation distances
Additional reasons
« Space industry is an early adopter

. Stakes are raised by ESA’s exacting * Key to innovation

requirements for space hardware

ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 49
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® QUANTUM
Quant TECHNOLOGIES
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European
Commission

QT Flagship

EO Gravity Mapping
FP — Quantum Sensors

Institute for RTCE . N\ '
Quantum e e === 5
Computing 3 N\ QUTech
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Quantum Technologies Workshop Highlights g&{\gesa

« Collaboration is possible and Interest in QT:
indeed welcome - Unprecedented performance

Collaboration interface need to be « Disruptive innovation
clarified and improved:  Security

« Need for multidisciplinarity

« Create a pan-Europeansssssssss

? —
synergy / quantum space lab: Mismatch bet

Interest in space: technologies and current space
« Rugged, miniaturised devices programmes B
« Long-distance entanglement Need for In-Orbit Demonstration

Tasks ahead: missions
. Increase TRL (sensors) Europe should not miss the QKD boat a

.«  Establish business case (QKD) second time

ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 51
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Quantum Space Lab *\&i&esa

« Required features:
« Combine:
. ESA expertise
. Space (optical) payload AIV proven track record
. Academia

Hands-on experience in setting up and running

experiments
« Space technology development rigour

« Stable manpower: so that knowledge and know-how is not lost with
departing PhD

« Nice to have:
« Co-location of ESA, payload integrator, and academia
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Quantum Technologies Workshop Highlights g&{\gesa

« Collaboration is possible and Interest in QT:
indeed welcome - Unprecedented performance

Collaboration interface need to be « Disruptive innovation
clarified and improved:  Security

« Need for multidisciplinarity

« Create a pan-Europea

? —
synergy / quantum space lab: Mismatch bet

Interest in space: technologies and current space
« Rugged, miniaturised devices programmes B
« Long-distance entanglement Need for In-Orbit Demonstration

Tasks ahead: missions
. Increase TRL (sensors) Europe should not miss the QKD boat a

.«  Establish business case (QKD) second time
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Cubesats projects {zesa

NanoBOB (QKD demonstrator)

« Not yet funded
« Grenoble University Space Center (CSUG)
 Vienna IQOQI

Laser beacon tracker FOV = 6° 4-pm pixel CCD

Cold Atom Space PAyload (CASPA)

 Innovate UK phase 0 study funded

« e2v main lead

= UOB unlverSIty |ead Quantum channel FOV = 45" = 220 prad; 180-mm Cassgrain Polarization analyzer

ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 54

- I ™ H IRl = E =l = = 5="™ 5 European Space Agency




—

—

/—

I0OD Funding Routes - ScyLight Z \\\Q\‘ft:esa

—— N
]
scylight
SeCure and Laser communication Technology

‘New ARTES Framework called ScyLight (pronounce “skylight”) was launched at ESA Council
at Ministerial level (Dec. 2016)

‘Three themes

« Optical Communication Terminal Technology
« Intra-Satellite Photonics / Optical Payloads

«  Quantum Cryptography Technologies
*Four lines:

« Common System and Technologies Activities (up to 75% funded)
«  Optical Communication Terminals and components (up to 75% funded)
« Intra-Satellite Photonics / Optical Payloads (up to 75% funded)
«  Quantum Cryptography Technologies (up to 100% funded)
*All of the above also cover in-orbit/service demonstrations
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General Support Technology Programme (GSTP)

ELEMENT 1 ELEMENT 2 ELEMENT 3

Develop Make Fly (Small Missions)
Work plan driven envelope Industry initiated, co-funded direct Envelope which hosts sub
programme for techno negotiation envelope programme elements such as Proba 3, (AIM,
development (fully funded and for technology maturation leading e-deorbit B2), cubesats,
exceptionally co—funded) to products ISS payloads (GEROS),

techno flight opportunities

%
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Element 3 / Fly (Small Missions Initiative)

Small missions will exist in most ESA programmes, subject to the
Programme constraints.

Multi-disciplinary missions (spanning more than a single programme’s
objectives), with strong risk and new technology, are normally less likely to
be supported in competition with dedicated missions fully in line with
Programme objectives, and are therefore more likely to be pursued in
GSTP.

The small missions managed by TEC have traditionally a large share of
SME participation from several under-returned MS.
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Element 3 / Fly (Small Missions Initiative)

We see three main classes of small missions:
a) Technology flight opportunities, including cubesats;

b) Missions fully developed under GSTP, like the Proba series, where
however the exploitation of the mission beyond the technical
demonstration, has proven of interest for other programmes (EOP, SCI,
SSA)

c) Partnership missions, where mission support is shared between GSTP
and another ESA programme or partner (MS or international)
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Element 3 / Fly (Small Missions Initiative)

Missions will be proposed by:

MS FOR IMPLEMENTATION

THE EXECUTIVE IN THE PROGRAMME

Either to be fully implemented in the “Fly” Element, Either fully (HET demo, Hun)
e.g.: PROBA 3, OPSSAT, etc., or with programmatic or shared with a national initiative
implementation in another programme (e.g. Altius), and
(e.g. SAOCOM, IMDB) with other participants if desired;
ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 59
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System demo of: ’
-Rendezvous & docking : Mission concept:
-Debris Target fly-around ‘ : -two 6U CubeSats

_ : -joined together in 12U POD
Enabling Tech demo: for launch
-6 DoF propulsion e ) -joint commissioning and
-RelNav sensors (vis, lidar) . . separation in orbit
-autonomous GNC -series of docking and fly
-docking mechanism around trajectories

o -testbed for different GNC
Future application: . y algorithms

-on-orbit assembly using
building blocks

Phase A/B
approved by IPC;
Open ITT to be
issued in Q1 2017

Launch Q2 2020

i
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ESA IOD CubeSat/Nano-sat Missions Roadmap
_mmmmm

GOMX-3 RF comms tech demo
QARMAN re-entry demo

PICASSO atmospheric science demo

projects

SIMBA radiometric science demo
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GOMX-4B constellation tech demo
OPS-SAT operations tech demo
Rendezvous Autonomous CubeSats Experiment (RACE)

Space Debris Inspection

Formation Autonomous CubeSats Experiment (FACE)

High-resolution NO, imaging demo

O n

o(,', g GNSS-Radio Occultation & Reflectometry demo

LS) G Space Weather monitoring demo (RadCube)

o Astrochemistry 6U CubeSat in GTO (SpectroCube)
:é)“@ LUnar CubeSats for Exploration (LUCE)

m

Deep Space CubeSats
ESA UNCLASSIFIED - For Official Use
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Legend:
I Definition Phase

I Implementation Phase
I Operations Phase
I Study Phase

P Adoption
" Launch
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IOD missions/TDAs planned for KO in 2017
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Element |Domain Title Budget (kEuros) Status
Fly 10D Missions Framework activity "“High performance CubeSats/nanosats development and |0D” 10,000 Activity in prep
Rendezvous Autonomous Cubesats Experiment (RACE) Mission Phase A/B 400 ITT in prep*
High-resolution NO2 imager nano-sat misssion Phase A/B 400 Activity in prep
SpectroCube mission Phase A/B 400 Activity TBD
URSA-1 and 2 |IOD missions 4000 Activity TBC
Make Power Miniaturised Solar Array Drive Assembly for 6U/12U cubesats 400 ITT in prep*
Propulsion 6 DoF Micro-propulsion System Development for Nanosats 800 RFQ in prep*
Propulsion system for Orbit Control of Micro-satellites 1200 ITT in prep*
Miniaturised bi-propellant propulsion system for CubeSats/nanosats 375 Activity defined
Miniaturised high specific impulse electric propulsion system for nano-sats 1700 Activity in prep
Data handling Highly integrated rad hard COTS avionics for CubeSats/nanosats 600 Activity in prep
Communications Miniaturised deep space transponder for CubeSats/nanosats 1000 Activity TBD
Reflectarray HGA for high performance CubeSat communications 500 Activity TBD
Ground segment CubeSat/nanosat mobile ground segment development and deployment 800 Activity in prep
System AIT Automated AIT processes and systems for CubeSats/nanosats constellations 200 Activity in prep
* Already approved by IPC
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ESA Quantum Technology Workshop g&{\;esa

Quantum Technology -Implementations for Space Workshop
9 November 2016
ESA/ESTEC, The Netherlands

2 Quantum Technology -Implementations for Space Workshop
14-15 November 2017
ESA/ESTEC, The Netherlands

PLEASE SAVE THE DATE !

ESA UNCLASSIFIED - For Official Use ESA | 21/04/17 | Slide 63

- I ™ H IRl = E =l = = 5="™ 5 I == - + & f— European Space Agency




Acknowledgements

ESA

Optoelectronics S
David Alaluf¥
#oana Alves

Ana Baselgo Mate Y.
Alessandra Ciappo ‘ ‘
Clemens Heese e

Toncho Ivanov
Michael Jost
Nikolaos Karafolas
Yves Levillain

[ain McKenzie
Kyriaki Minoglou
Linda Mondin
Eamonn Murphy
Nick Nelms

Josep Perdigues Armengol

ESA UNCLASSIFIED - For Official Use

Jorge Piris

Conor Robinson
Zoran Sodnik (Head)
Georgios Tzeremes
Christoph Voland
Heidrun Weber

*rah Wittig

= w“ |
» Eric Wille (Q antu ptlcs QKD) !

EO Future MIS

s Division

Pierluigi ﬁ/estrin (Head)
Olivier Carraz

Luca Massotti

Govsatcom & Secure Comms Section

Harald Hauschildt (Head)

dcesa

Science Payload Validation Section

Brian Shortt (Head)

Systems Department

Frederic Teston (Head)
lker

Roger ‘

External

RAL Slce Cold Atoms Group

Nick Waltham
Tristan Valenzuela

e2v

Trevor Cross

CSUG+

Yves Gilot

ESA | 21/04/17 | Slide 64

L B e I = =

d mm G
= e

I == 4= '+

European Space Agency




_? -

Would you like to know more?
Visit www.esa.int
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