Roger-Maurice Bonnet
International Space Science Institute
Bern
APSCO-ISSI-BJ Summer School 18/10/16



ESA Programs and respective
Budgets (Billions €)

Activités de
Exploration Surveillance de pase
robotique I'espace 32

156 Budget général

Support 209
technologique
105 i
Télécommunica \ |
tions S 2 . Observation de
309 . s la Terre

1254

Vol spatial ~ Programmes Navigation par
habité | . scientifiques satellites " |

371 Ak 508 4 , 664

vvvvvv



Earth Sciences not part of mandatory activities
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ESA Budget for 2016

ESA Activities and Programmes Programmes implemented

for other Institutional Partners
Cither Micome: BE: 5.0%, 188.9 MC

5.5%, 204.4 MC

CZ: 0.4%, 15.6 MC
DK: D.8%, 29.5 MC

EE: 0.0%, 0.9 MC

AT: 1.3%, 47.6 MC

CA: 0.4%, 13.2 MC \

UK: B.7%, 324.8 MC

Income from

Eumetsat 9.8%, Other income:
FI: 0.6%, 21.6 MC 147.9 ME 2.4%, 35.6 MC

FR: 22.6%, B44,5 MC

CH: 3.9%, 146.4 MC

Total;

SE: 2.0%, 73.9 MC
ES: 4.1%, 152.0 MC
RO: 0.7% 26.1 ME
PT: 0.49%, 16.0 MC
PL: 0.8%, 29.9 M€
NO: 1.6%, 59.6 MC
NL: 2.7%, 102.6 M€
LU: 0.6%, 22.0 ME

Income from
EY: 87.8%,

1324.8 MC
DE: 23.3%, B72.6 MC

GR: 0.3%, 11.9 MC
HU: 0.1%, 5.0 M€

IT: 13.7%, 512.0 M€ 1E: 0.6%, 23.3 MC

MC: Million Euro
TOTAL ESA BUDGET FOR 2016: 5250 M€



In Space Sciences, Europe is
number 2!

Why not nhumber 17

space

* Too much political/industrial interest in
the Member states!

* The vicious effect of “shared
competences between all the partners
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Fundaments of ESA/ESRO

 An organization dedicated to scientific research,
essentially controlled by the scientific community in
the definition of the program and following the
fundamental principle of a Bottom-up approach;

e All scientific work - planning of experiments, design
and construction of instruments, results
interpretation, remain the responsibility of research
groups in the Member States, and not within ESRO
laboratories.

 Importance of national programs in the paraliel
development of each nation’s technical and
scientific expertise;



The Early Unrealistic ambitions
1964-1972

'—J

Foresaw the firing o' some 435 sounding
rockets and the launching of 17 satellites
over the 8 years covered by the ESRC

Convention.
* Of these, at the end of that phase:

* 168 sounding rockets had launched, as well as

* Five small satellites, and 3-axis stabilized TD-1
medium-size satellites



Transition Phase
1964-1972

* The Launching Program Advisory Committee

970 rules out UV astronomy, _J.)J,.Jf
Physics, Planetary science considered t
too expenswe.

e Cooperation with NASA (and USSR) was the

only option for scientists interested in these
disciplines.
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Status of ESA science program
in1975

— GEQS, HEOS-A, COSE;, EXOSAT INTGEVEIOpmENnt
llustrating the ampbitions and capanilities of
Europe In magne J.JJ)IJ'-’I'J" and heliosphneric

S, and high energy astronomy

— Spacelab utilization generated studies on infrarec
astronomy (LIRST) and Solar Physics (GRIST)
enabling European astronomers to deepen their

expertise in these two scientific fields

— Under consideration: participation in the Large
Space Telescope (HST) and the Out-of-Ecliptic
mission (ISPM)
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Characteristics of ESA Science

Program in 1975

* A modest science program (excluding Earth
sciences and microgravity) made of medium-class

MISSIions;
* A rapidly growing dependence upon NASA;

* An increasing set of substantial national
programs (some of them in cooperation with
NASA and USSR), especially in the fields of Solar
Physics (OSOs), Heliospheric physics (HELIOS),
Plasma and magnetospheric physics (AMPTE),
infrared and high-energy astronomy

* A budget capped at 76 MAU in 1978 price levels



1973-1983

Europe dependence upon NASA

* ESRO/ESA missions even though predominantly
European were dependent of the US to launch

* ESA science program adopted the line of an
Increased cooperation with NASA:
— Space Shuttle and Spacelab
— Large Space Telescope (ST, Hubble)
— QOE mission (ISPM, Ulysses)

The ISPM (Ulysses) crisis was a waking-up call for a
new approach of ESA’ s space science policy
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From Dependence to Autonomy!

Ariane 1
24/12/1979

l//l 11/1/2016



|ndependence and mternatlonal

cooperatlon

,. Ariane 1
f 04/07/1985

The Glotto satelllte made the first image of. 1
“a comet’s nucleus (Halley) at the short - -
. dlstance of 600km on 13 March 1986 . .
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H2000 Survey Committee meeting
Venice June 1984
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Horizon 2000

A EUuropean program In'space science ror'20"years

Established from a consultation of more than 3000
scientists in a N r stat |

* Independent, but opened to International
Cooperation, with other agencies thereby increasing
the basic scientific capabilities of the missions

e Cooperation between ESA and its Member states at
the level of scientific payloads, but MORAL agreement
that H 2000 had priority above national projects
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Horizon
2000

e EURECA missions

astronomy and solar physics

e Small size projects

(incl. collaborative
programmes)

11/1/2016
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Horizon 2000
1985-2009

Strictipolicy ofidesign to cost!

sciences at ESA




Ariane 501 04/06/96

H+ 37 seconds
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2015-2025

PRESENT

Collaborating missions
Horizon 2000 +
1995-2015

Smart-1
HSTSM 1to3-B
ollaborating mission:

Horizon 2000
1985-2005

PAST
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ExoMars
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Solar Physics

e Solar Orbiter
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Plasma and Magnetospheric
Research
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Astronomy

* VisIple 2ar IR astronemy:

 Far Infrared
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SM1: Dec. 2-13, 1993
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Messier 100
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Hipparcos (1990) Gaia (2020)

incertitude sur sa position Soleil ——e—— incertitude sur sa position

étoile

étoile
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GAIA




Far Infrared Astronomy
From ISO

to Herschel
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Herschel Results
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Orion as seen by Herschel
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Planck observes the Universe at

300,000 years of age
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Solar System Exploration

* [Viars
* \/enus

» Saturn ana Titan

Q

The Moon

comets

Viercury

jupiter






Mars Express:
Glacier on Mars
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VVenus science
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Saturn




Most distant landing ever
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to Rosetta
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A 12y journey through the Solar System

Launch
2 March 2004

1st Earth flyby
& March 2005

Mars flyby
25 February 2007

2nd Earth flyby - 13 November 2007
3rd Earth flyby - 13 November 2009

Asteroid Steins flyby
5 September 2008

Asteroid Lutetia flyby
10 July 2010

Nominal mission end
31 Decomber 2015

Enter deep space hibernation
8 June 2011

Exit deep space hibernation
20 January 2014

www.esaint

» Rosetta's journey

» Comet orbit

>

Comet closest to the Sun
13 August 2015

Philae landing
12 November 2014

Arrival at comet
& August 2014

Rendezvous manoeuvres
May - August 2014

European Spate Agency
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Rosetta’s decade-long journey

After a ten-year journey, the European Space Agengy’s Rosetta spacecraft will arrive at its destination on
Wednesday for an unprecedented mission to orbit a comet and dispatch a lander to the surface.

Rosetta orbiter KEY SPECS:

Carries 11 science experiments Launch date: March 2, 2004
Orbiter mass: 3,000 kg

Lander mass: 100 kg

Cost of mission: 1.3 billion EUR
Mission lifetime: Until Dec. 2015

After entering orbit with the Comet
67P/Churyumov-Gerasimenko in
November, the spacecraft will
release a small lander onto the

CLOSE ENCOUNTERS @
During its long journey, Rosetta had

| comet’sicy nucleus. flybys with two asteroids: Steins, with
s . ‘ﬁ Philae land its closest approach at 802.6 km in
=3 >~ naelander September 2008, and Lutetia, with its
“-y Carries 10 science instruments closest at 3,162 km in July 2010.
Note: Spacecraft:
and comet not "= ROSETTA’S TIMELINE
£ scale./ Launch  Earth Mars Steins Lutetia Arrival Lander Mission
swingby swingby flyby flyby atcomet delivery end
Hibernation & l
® 6o ¢ 00 [ —
IIII]IIIIIIIIIIIIIIIIIII|IIIIIllIIIllllIIIIHIIIIIHIIIIIIII|IIIlllIIIIIIIIIIIIHHI[IHIIIIIIII|Il|“|l|l|l|IIIIIIIlIII|IIIIIIHlIIllllllllllll

2004 2006 2008 2010 2012 2014

ORBITS — Rosetta £

— Comet 67P/Churyumov- March 2004
Gerasimenko {

Mars

< Jupiter

Comets have not
changed much

since the Solar
System’s formation

4.6 billion years ago,
making them the ideal
specimen to study on
how the universe came
into existence.

Nov. 2014

Aug. 2014 (3

Rosetta will study whether
comets contributed to the
beginnings of life on Earth.

Sources and images: ESA; NASA, JPL
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~ Orbiting the Comet



The Science Instruments
of Rqsetta's Philae




Klim Churyumov watches Philae’s
separation




»- .« Philae 12 November 2014
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Ratio D/H in the Solar System

AejjeH/dT ﬁ ﬁ

aeymjedy 29 S661/) —@—
pienes 1d 6002/) @
annL/d8 —@—
(¥V3ANIT) L1 2002/) —@—
(LvaN) %0 1002/ —@—
bueyz-eA)I/dEST @>
ddog-2|eH 10 S661/) —@—

snpejauy @

Oort cloud

aunyday -@-
snuein @

wnjes @
iaydng @

D/H ratio

10°



Water

Trrrrvrey TTITIITIT|IT1|ITTITITHTTITIITIW
100000 = | & FROSINA [Erencely comectect N
E A VRTE-H [Fougee, 20t E
- | A VRTEN Fin, 2018 ﬁ'- —
amd ' Fx_cd 1 -~ o—
= Ground Daded Dust (e uii) - -
e ® wo 4
g 1ow0 -~ we it (FOSNA empiroally comectad) ‘—.'__:
?n- = | ™ P (A Persety chew) -
c e —
8 ® 2
Q — —
z ¥,
< 1000 - | =
s :
D B 3
Q — -
o
100 = 2 & S
v — e —
" @ c -
s 3|
Inbound ol Outbound w| _
P IRENNENNEE AENNU NN NN W (N ANEE FANEN I
4.0 3.0 2.0 1.24 2.0 3

V,i 11/1/2016

Heliocentric Distance (au)

0



—_— .

e P
i iy A R
s Py - P S

o e RS Tl Ny T,

-~
»

11/1/20058



+ ROSETTA'S PLANNED IMPACT SITE @esa
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Eesa

W) oo

End of Mission for Rosetta
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Last touchdown 30/09/2016




Rosetta spacecraft signal
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Last touchdown 30/09/2016
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The Future

* Solar System
— Solar Orbiter (2018)
— Bepi Colombo (2018)

— JUICE (2022)

* Astronomy

— JWST (201¢
— Euclid (2020
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Solar Orbiter

Solar Orbiter aims to make significant
breakthroughs in our understanding both
of how the inner heliosphere works, and
of the effects of solar activity on it. The
spacecraft will take a unique combination
of measurements: in situ measurements
will be used alongside remote sensing
close to the Sun to relate these
measurements back to their source
regions and structures on the Sun's
surface. It will operate both in and out of
the ecliptic plane. Solar Orbiter will
measure solar wind plasma, fields, waves
and energetic particles close enough to
the Sun to ensure that they are still
relatively pristine.
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_ BepiColombo
f. Mission To
- Mercury







Secondary mirror the metal beryll
Reflects gathered light from with gold to cap
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The
James Webb 4
Space Telescope
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Euclid
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The Advanced Telescope for High-ENergy Astrophysics — will be an X-ray telescope designed
to study the Hot and Energetic Universe'.Responding to two key astrophysical questions:
How does ordinary matter assemble into the large-scale structures we see today? and
How do black holes grow and shape the Universe?
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SMART-2
LISA Pathfinder

Figure 2.11.1. The LISA Technology Package
Core Assembly, with two inertial sensors
and the optical bench interferometer
between. In the interferometer, a set of

22 mirrors and beam-splitters, directs two
laser beams across the bench. One beam
(shown in red) reflects off the two free-
falling masses, while the other (blue) is
confined to the bench. (ESA-ATG medialab)




Conclusions 1/2

Europe through the ESA science program is now
beating records:

e Largest mirrors ever launched for IR and X-ray
astronomy;

* Most distant landing ever accomplished on an
extraterrestrial object;

* True revolution in solar observations;

* First multi-points studies of the Earth
magnetosphere;

e Orbiting a comet.

W) oo

82



Conclusions 2/2

e ESA Science program through H 2000, H 2000+ and
Cosmic Vision, has given European scientists a
leading role in super-high resolution astrometry, X
and infrared astronomy, in cosmology, solar physics,
magnetospheric physics, Solar System exploration,
including comets, Mars, Venus, Titan, Saturn, and
soon Jupiter. The European space science community
is now considered as an essential unavoidable
partner on the worldwide scene.

83
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My advice to the new generation

Remain at the central core of progress by jumping above the
barriers that you will find in front of you!

Evaluate your constraints!

Fight!

Resist!

Never think that you can do everything alone!

Learn how to work with colleagues and collaborators!

Learn how to make shine the golden nugget that everyone in
your team of collaborators, be they the top level scientist,
the best manager or just the house keeper, possess in
him/herself and will, through their talent and sense of
responsibility at any level of contribution, make you the
future leaders of the winning teams!
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ESA Facilities

ESA Head Quarters are located in Paris

ESA facilities are distributed among the following 5 research
centres:

ESTEC in Noordwijk (Netherlands): science missions,
technology, integration facilities;

ESRIN in Frascati, Italy: Earth Observation missions;
ESA Mission Control (ESOC) in Darmstadt, Gernany;

European Astronaut Center that trains astronauts for future
missions (EAC) Cologne, Germany;

European Space Astronomy Center (ESAC) in, Spain.
ESA has a worldwide staff of about 2,000
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