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ESA Science Programme \\\&&;esa

EXCELLENCE IN EUROPEAN SPACE SCIENCE

» A cutting-edge Scientific Programme to meet the challenges of
worldwide research maintained by a bottom-up approach to
mission selection

» Sustaining European leadership in key science domains

A\

Providing new challenges to industry, triggering innovation
» Fascinating, inspiring and motivating European citizens
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Science Objectives {zesa
ESA’s current long-term programme is “"Cosmic Vision”. Key
science areas:

1. Understanding the early evolution of the Universe and Cesa_. e |

LR T T T

the nature of dark energy and dark matter.

2. Understanding Physics in strong gravity conditions and
establishing constraints for the formulation of quantum
gravity.

e for Eurape 2015-2025

3. Understanding the formation of our Solar System and its
relation to a general framework valid for extra-solar
planets, including the search for other habitable worlds ===

Space Scienc
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Science Programme Elements \\\&éesa
» L-missions

« European led flagships with <20% international contributions

« One every 7-8 years

« Cost to ESA of around 2 annual budgets (1.1 B€).
» M-missions

« ESA led or contribution to international collaboration.

« One every 3-4 years

« Cost to ESA of around one annual budget (550 M€)
» F-missions

« Proposed new type of “fast or flexible” mission

« Launched as a passenger

« Cost to ESA of 0.3 annual budgets (150 M)
» O-missions

« Missions of opportunity, led by other agencies, contributions <50 ME.
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ESA’s Science Missions
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ExoMars
Einstein Probe
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MMX
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The ESA Fleet for Astrophysics
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CONCEPTS %XA theseus
= einstein
IN DEVELOPMENT A webb  ariel euclid cheops plato xrism probe athena
{2021 {2028) 2022 (2019 [2026) [2021) [2022) (2031)
. . . o o - - B
% xmm-
newton

OPERATIONAL hubble aia
{19%0-) 2013-) {1998-]

=88

suzaku
[2005-2015)

8- %

hipparcos corot
(1969-1993) (2005-2014)

hitomi

akari iue exosat
(1976-1996) (1983-1986) (2016)

herschel
(2006-2011)

lanck iso
{2009-2013) (1995-1998)

LEGACY
(2009-2013)

%&b'|]|

[
mtegral |

(2002-)
)

&

cos-b
[1975-1982)

lisa pathfindér

mltroscope

(2016-2016] ' l |

|‘|

le015-2017) | |

" Spac'eIQP@

|'|J|,.
II||||

Ny AU M



—
=
7

®
D
Q

Mission Selection
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Study Process To Final Selection

Selection Parallel

by . :

‘ industrial

g’ccll'\tjlcst%% CDF studies
studies in with Advisory leading to

of n o
missions ESTEC support of Structure/ Mission
concepts payload Ve Adoption

consortia
for study

Selection Definition

of one
mission by Study

Issue of
AO for new g=
missions

Phases Phase 0O Phase A Phase B1

Phases Assessment Definition

PEVIENS SRR

ISO TRL Required >6
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Typical M Mission Durations and Activities \=€CSa
Typical
Duration
(years)
0 1 Early concept studies: define mission goals, study multiple approaches
A 1 Preliminary Mission Analysis and System Trade Studies: define

functional requirements, choose an approach, analyse alternatives

Bl 2 Definition Study: define system requirements, complete a preliminary
system design allocating functions and defining interfaces

B2/C/D 8 Design, Development, Test and Evaluation: complete detailed system
design, fabricate, integrate and test. Prepare for launch and operations.

E/F Launch, Operations and Disposal (F)
Total 12 This is the nominal schedule assuming that each phase is successful
with a smooth transfer to the next.
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Mission Selection - A Bottoms-up Approach
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ESA Executive
DG, D/SCI

(—— |

Science Programme
Committee

Advice
Recommendations
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Measuring Scientific Success
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Science Programme Publications \

The “libraries” behind these publications are available on
WWW.cosmos.esa.int/web/guest/mission-publications

LINKS TO THE ADS PUBLICATION LIBRARIES FOR ESA SCIENCE MISSIONS

>
D
7
o

The SAO/NASA Astrophysics Data System (ADS) is a digial library for researchers in physics and astronomy
operated by the Smithsonian Astrophysical Observatory (SAO) under a NASA grant.

Refereed papers, published after launch, are included in the table below if they fulfil one or more of the following:

e Make direct use of data from a mission including from its primary catalogues
e Make quantitative predictions of results from a mission
e Describe a mission, its instruments, operations, software or calibrations

PhD theses are included in the table below if they include an analysis of data from the mission or

describe hardware or software developed for the mission or its calibration. The completeness of the PhD libraries is
difficult to estimate.

ESA Led Missions ADS Library PhD Thesis Library
COS-B COS-B Refereed Publications
IUE IUE Refereed Publications IUE PhDs
Exosat Exosat Refereed Publications EXOSAT PhDs
ESA UNCLASSIFIED - For Official Use INAF/IASF-MI | 16/10/2019 | Slide 15
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ESA-led Mission Refereed Publications
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Publications per Year

g
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o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year
ESA UNCLASSIFIED - For Official Use

2016 2017

Gaia

- ExoMars

“ LPF

- Gaia

- PROBA-2

w Planck

- Herschel

« Venus Express
« Rosetta

1« Mars Express
. SMART-1
 INTEGRAL

. Cluster

“ XMM-Newton

| 4 Huygens

«SOHO
uliso

w Ulysses

w Hipparcos
w Exosat

' ®mIUE
2018

dcesa

Most papers ever in
2018! (2547 if counted
for each mission)

4 missions contributed
~70% of the ESA-led
2018 publications:

Gaia (792)
XMM-Newton (390)
Planck (301)
Herschel (248)

Another 15% of the
ESA-led mission pubs.
come from missions
with >100 pubs:

+ SOHO (180)
e Cluster (121)
* Rosetta (106)
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All Mission Refereed Publications

2600 . . ExoMars
i |
o \
- |
i 1600 ‘
h oo |
i"“ » The papers from
2 1000 the partner-led
s missions are
w | - dominated by
. s HST.
) w Hipparcos
= Exosat
" : ave » Accounts for
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
- Yeur around 2/3 of the
. | | partner-led
o T - publications in
s 1000 . Chandrayaan-1 20 18
i — « CoRoT
g o « Hinode
g 600 u AKARI
400 & Suzaku
« Double Star
. w Cassini
0 W HST
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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An exciting few months ahead!
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Space Science at Spacel9 G

F-missions in sync with M-
missions (joint launch) = new
line of opportunities with
special emphasis on novel
implementations
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CHEOPS (2019) will measure known
Earth-to Neptune size exoplanets, and will
be followed by PLATO (2026, terrestrial
exoplanet statistics) and ARIEL (2028,
chemical composition of exoplanet

atmospheres), consolidating European
leadership on exoplanet science.

Dedicated exoplanet
| | missions
®) (@) = o= oo o wP) = = o (P e (P = o w (P -

1990 2003
)

Launch (@
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The next generation
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23 Phase-1 proposals rece%ed by October 2018 deadllne

A number of * new " topics and © new eubmr,tl;lng teams/lead proposers compared to - 7
previous “M” calls. Some well-known subjects/teams aswell.

' _Broad toplcs Aster0|ds Comets, HellophyS|cs Astronomy : e
~ 6 proposals selected for Phase- 2 08 _ i ;
~ Phase-2 proposals (deadline was March 2019) = ' {
Selection of Comet Interceptor in June 2019 9 | G v \

— 0] b c= = 4 |} : Il C — == BB Il T 2 1 ZR i




Comet Interceptor

Mission to a dynamically
young solar system object
or to an interstellar visitor. .
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Ctheseus
Transient high energy sky and

SrICA early universe surveyor

Unveiling the
obscured Lead Proposer: Lorenzo Amati (INAF-IASF Bologna, Italy)
Universe

SPICA consort tium

/ = -
| v
{ Dr. P. R. Roelfsema
| On behalf of the international
J——

esa

Phase A studies on going — Plan: M5 selection by Mid 2021 - Launch 2032
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“Athena and LISA brlngln-"
tHe’ cosmlc mowes
'Athena
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Athena / LISA

Synergies

2018

McGee et al.

Log TotalMass[Mg ]

I+l European Space Agency



UN'VERSE 13.8 billion years ago

with seeds of future galaxies

) Black hol '
COSMIC DARK AGES V) o JWST‘
, Vg

380,000 to 400 million years %
after the Big Bang , First stars

LIGO/VIRGO

! ~

GW: LIGO/ LISA

‘
)

- FIRST STARS & QUASARS
w400 million yearsafter the Big Bang
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Athena requires the largest x-ray optic ever built Q‘: @SAa

Athena Mirror Assembly

1 X-Ray Optical Units (XOU)

= 1 Athena MM )

Athena CDF spacecraft
£

‘ 134—p|ate stacks

Athena mirror:

678 Mirror Modules (MMs)
~ 100,000 mirror plates

~ 300 m?2 polished and coated area
= 2 MM / day

. = (assuming 8h/d, 180 d/y, all MMs in 2 years)

ESA UNCLASSIFIED - For Official Use INAF/IASF-MI | 16/10/2019 | Slide 29

— 0l b c2 ™ ™ = T Il D D R e @I IS EEE i v European Space Agency



Angular Resolution Steadily Improving

SPO XOU middle1adius pe formianie sunmary (34 pla cs)

26
100%
| V¥ 70%
24 é z0%
B 0%
22 1

20 f
181

[
o

Here 10- and 20-

&Wk

eSd

In 2019 restarted process to make 34-plate

middle radius XOUs

34-plate stacks performance rapidly improving,
XOU-0078 best to date

« XOU-0078 has still a number of know

EM_ plate stacks only defects (wedge bias, curvature)
£ were measured +
212 + « Bad sides can be removed (see later):
X
101 + #+ * « 70% to become new 100% reference
B_ {
J | '
4] 3 ) . 28R | Number of plates  HEW 100% HEW 70% HEW 30% HEW 10%
o ° @9 ©° 1,32] [5, 26] 10, 20] (12, 14]
21 3 3 33 3
Y I S (N S I X RX R 34 139 102 95 11
.10X1 _XX1°X3,0\10X%,0310\’%D5‘101%_01 10_&%_0910&%_“» .l()\.g' ,10‘&9 .10\90 ,lo‘Lg'm 20 122 9.1 8.7 58
10 123 9.6 9.5 6.0
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Contributors to angular resolution budget {zesa
cosine|
left side effects E@ e_Fe‘E_-! right side effects
Ty
S 15
O
£ 10
Known effects: go)
« Meridional curvature A
«  "Wedge effect” ' 0
« Entry/exit effects g
« Side effects o 2
« Axial slope errors < 10
=
e -15
> =20
“Curvature effect | | Entrace effects
ESA UNCLASSIFIED - For Offical = — 7777 . Credit: M. Collon (Cosinél)
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Voyage 2050 ‘\\ cSsa

The current long-term planning for the Science Directorate (Cosmic
Vision) ends with LISA in around 2035. A new long-term plan called
Voyage 2050 is being prepared:

1. Definition of the science themes for three Large missions. The
missions themselves, will be defined later through an open call and
peer review. ESA and the member states can then start investing in
the necessary technology developments.

2. Identification of compelling areas of science for future Medium
missions, so that any necessary technology development can start.

3. Recommendations on any areas of blue-sky technology that should
be developed, not necessarily linked to any particular mission.
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Voyage 2050 {zesa
esa_...

nENN=E=aeno

Cosmic Vision

Linda Tacconi Chris Arridge

Senior Committee chaired by Linda Taccconi and Chris Arridge
Supported by Topical Teams (250 self-nominations), around 50 selected
White Papers on future science requested => about 100 received!

Y V VYV

https://www.cosmos.esa.int/web/vovage-2050/white-papers

INAF/IASF-MI | 16/10/2019 | Slide 33
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Interacting with the Science Programme
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Ways to be involved

How can I interact with ESA’s Science Programme?

Visit our website for scientific and technical users

Respond to an announcement of opportunity

Exploit archival data from ESAC

Participate in an instrument or data processing consortium
Become a member of a User Group, TAC, science team etc

Become a member of one of the ESA Science Advisory Structure
groups
7. Join ESA as a Research Fellow or Young Graduate Trainee

ok hE
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1. cosmos.esa.int website

A SCIENCE MISSIONS  SCIENCE & TECHNOLOGY &'  EUROPEAN SPACE AGENCY o' SIGN IN

eSa

cosmos portal

Cosmos » Home

COSMOS: THE PORTAL FOR USERS OF ESA'S SCIENCE DIRECTORATE'S MISSIONS

INFORMATION ON SUPPORTED MISSIONS FOR THE LATEST NEWS
SCIENTIFIC AND TECHNICAL COMMUNITIES

o Announcement of Opportunity -
WFIRST Formulation Science Working

Group
ANNOUNCEMENT OF OPPORTUNITIES FOR THE o Announcement of Opportunity - New
SCIENTIFIC COMMUNITY Science Ideas

Inside Rosetta's comet

First locks released from LISA
Pathfinder's cubes

50th ESLAB Symposium - From Giotto

FOR ESA'S SCIENTIFIC ADVISORY STRUCTURE [SSAC, e A A S
o Water in the Universe: From Clouds to
AWG AND SSEWG) Oceans (ESTEC 12-15 April 2016)

THE SCIENCE FACULTY - FOR THE RESEARCH
ACTIVITIES OF OUR SCIENTISTS

For general information on ESA and our missions, please visit the "ESA ho

For the broader scientific community, interested in our missions, please visit the "ESA

SCI DIRECTORATE
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2. One Stop for ESA’'s Announcements of Opportunity \‘g\—-

(s

eSa

Go to https://www.cosmos.esa.int and then click on Announcements

A SCIENCE MISSIONS ~ EUROPEAN SPACE AGENCY o'

science announcement of opportunities

e

SCIENCE &TECHNOLOGY o'

SIGN IN

Science Announcement of Opportunities » Ho.

ANNOUNCEMENTS OF OPPORTUNITIES AND CALLS TO THE SCIENCE COMMUNITY

To be informed about new Announcements or Calis please subscribe to the dsciannounce malling list. I

Announcement of Opportunity

carried out between May 2020 and April 2021

Announcement of opportunity for membership of the Science Board of
the Martian Moons eXploration Mission (MMX)

Voyage 2050

Call for White Papers for the Voyage 2050 long-term plan in the ESA
Science Programme

Announcement of Opportunity for Interdisciplinary Scientists and Guest
Investigators in the BepiColombo mission

Call for proposals for an ESA-ESO workshop in 2020

ESA UNCLASSIFIED - For Official Use

— 01 b - - ] -
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Status ]

XMM-Newton 19th Announcement of Opportunity: for observations to be Open;

Proposals due: 11 October 2019, 12:00 UT

Closed;
Proposals due: 20 August 2019, 12:00 (noon) CEST

Closed;
White Papers due: 5 August 2019, 12:00 (noon) CEST

Closed;
Letters of Intent due: 13 June 2019, 12:00 (noon) CEST
Proposals due: 15 July 2019, 12:00 (noon) CEST

Closed;
Proposals due: 5 June 2019, 14:00 CEST

INAF/IASF-MI | 16/10/2019 | Slide 38
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https://www.cosmos/esa.int

2. Announcement of Observing Opportunities
ESA observatories have annual calls for observing proposals:

» INTEGRAL's 17th AO closed on 5 April 2019. 63 proposals were received
with an oversubscription in time of 3.5. Annual.

» XMM-Newton’s 19th AO closed on 11 October. AO-18 had 442 proposals
and an oversubscription of 7.7. Annual.

» CHEOPS 1st AO closed on 16 May 2019. 22 proposals received. Following
successful commissioning, AO-2 is expected in Q3 2020.

» JWST first GO call is planned to be released on 23 January 2020, with a
deadline of 1 May 2020. ESA is organising “master classes” across Europe
to "train” scientists on how to use JWST

ESA UNCLASSIFIED - For Official Use INAF/IASF-MI | 16/10/2019 | Slide 39
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ESA Space Science Open Data Policy {zesa

» Proprietary period for science data is typically 1 year
« To instrument teams when data is being produced by instrument teams
« To observer for observatory missions

» Data then enter the public domain
* Freely accessible worldwide

« Being sometimes replicated in non ESA site (European / US data
centres)

» Data is made available to the scientific community
« Through a standard web browser and through scriptable APIs
« Search, preview, select and download

ESA UNCLASSIFIED - For Official Use INAF/IASF-MI | 16/10/2019 | Slide 40
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3. Exploit ESA’'s Data Archives

» The ESA archives at ESAC contain a treasure trove of information. They
include all the public data from nearly all ESA’s science missions

» You can download science-ready products such as calibrated images,
light curves and spectra, as well as documentation and analysis

software. Go to: https://www.cosmos.esa.int/web/esdc

» The archives are organised into three themes:
« Astronomy
« Heliophysics
- Planetary

And data from “new” missions such as Solar Orbiter and BepiColombo etc
will be added as they become available.

ESA UNCLASSIFIED - For Official Use INAF/IASF-MI | 16/10/2019 | Slide 41

=l T I mE SIS = @IS m 4



In par,t\nersh'ib"wit.h i

¥ Gaia - 2013

¥ Herschel - 2009

™ Planck - 2009

Lo} M.q (MEX - 2003, Rosetta - 2004, VEX - "-"’,. .‘

2005, BepiC - 2018)
¥ Cluster - 2000

® XMM-Newton - 1999
¥ Soho - 1995

¥ Hubble - 1990

All data from ESA Space
Science Missions are
hosted at the ESAC
Science Data Centre

(ESDC)

-
astro
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ESA Sky

» ESA Sky (https://sky.esa.int) is the multi-mission portal to the
astronomy mission archives.

» You don’t need to be an expert to use ESA Sky!

» Provides a multi-wavelength view of the sky through accessing the data
from individual archives

» A great tool for exploration!

» Similar “overarching” approaches are being developed for the planetary
and heliospheric archives
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https://sky.esa.int/

ESASky Concept: Explore compare, select, download \i\&gﬁesa
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4. Instrument and Data Processing Consortia &iesa

An exam p | e. & DPAC membership #f
%’ March 2017 ‘
total: 432 y :

> The Gaia DPAC is the consortium Algeria: 1
responsible for the (very complex) Tl
data processing for the mission ESA:39

> Over 400 members. Euclid is even
bigger!

» The chart to the right, shows the DPAC
membership distribution

> Brin g expe rtise to consortia. ML I e L Dk, Depec b))
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5. ESA Needs Expert Help! \\\Q&esa

ESA often needs the advice of external expert bodies:

» Time Allocation Committees (TACs) for observatory
missions. The XMM-Newton TAC has around 70
members who are recycled every 2 years.

» User Groups or Science Working Teams for individual
missions. Members are selected from active users of
the data

» Conference organising and other ad-hoc committees.
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6. ESA Needs Scientific Advice! (s
{cesa

ESA’s Science Advisory Structure:

» The Working Groups who are experts in Astronomy (AWG)
Solar System and Exploration (SSEWG) and the Physical
Sciences (PSWGQG) first provide science evaluations.

» The Space Science Advisory Committee (SSAC) which is the
senior advisory committee.

Members serve for 3 years. We are always looking for leading
astronomers and space scientists who are wiling to serve.
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7. ESA Research Fellow Programme \\\\\\“““ eSa

_—

» This is ESA's "Post Doctoral Research Programme”. See:
https://www.cosmos.esa.int/web/science-faculty/research-fellowship

» Research Fellows (RFs) are young scientists staying for two (or
possibly three) years at ESAC or ESTEC.

» A major advantage is that RFs do not have (mandatory)
functional duties, so can spend most of their time doing research.

> The latest annual recruitment round closed on 1 October 2019.
We normally recruit around 8 new RFs each year.

» A similar programme exists for Master Degree graduates (The
Young Graduate Trainee programme).
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https://www.cosmos.esa.int/web/science-faculty/research-fellowship
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