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The Sun up close”

Cluster

Measuring Earth's magnetic shield

The Solar System is a natural laboratory that allows scientists to explore the nature of the Sun, the planets and their moons, as well as comets and asteroids. ESA’s missions have transformed our
view of the celestial neighb d, visiting Mars, Venus, and Saturn’s moon Titan, and providing new insight into how the Sun interacts with Earth and its neighbours. The Solar System is the
result of 4.6 billion years of fosfnation and evolution. Studying how it appears now allows us to unlock the mysteries of its past and to predict how the various bodies will change in the future,

www.esa.int European Space Agency



With ESA's fleet of spacecraft we can explore the full spectrum of light -
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The Very Large Telescope on Cerro Paranal / ESO




Atacama Large Millimetre Array on the Chajnantor plateau / ESO, NRAO, NOAJ, NRC
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—SA science & robotic exploration missions
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-uture ESA space science missions

Science missions in implementation

@ LISA Pathfinder (2015) ® CHEOPS (2017)

@ BepiColombo (with JAXA; 2016) ® JWST (with NASA, CSA; 2018)
@ Microscope (with CNES; 2016) ® Cuclid (2020)

@ ASTRO-H (with JAXA; 2016) ® JUICE (2022)

@ Solar Orbiter (with NASA; 2017) ® PLATO (2024)

ExoMars robotic exploration (with Roscosmos)
® Trace Gas Orbiter + EDL demonstrator (2016)
® Joint rover mission (2018)

® Goal: sample Retum

Jnaer study / open calls

—  Athena (2020

LUre gravildl
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SOHO: Heliophysics observatory, launched 1995 / E




Solar Orbiter: studying the Sun and solar wind, launch In 2017 / ESA
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Cassini-Huygens: Mission to the Saturnian system and Titan in particular, launched 1997 / NASA, ESA, ASI






Bathymetry of Ligeia Mare

“ ’.- Radar sounding at 2.17cm

e 300km transect across second
largest sea on Titan

 Up to 160m deep

e | Oow radar attenuation

e |ndicates very pure
methane-ethane mix

| Other hydrocarbons, nitriles,
o ' N suspended particles < 0.1% b.v.

Latitude |°]

e [otal volume of liquio
hydrocarbons on [itan
e 5000 gigatonnes

Depth [m]

e ~700 x known terrestrial oll
and gas reserves

= 3" order curveitting
° And 70 X more meth ane ) coeft: p1 =0.01; pzf;;c:.:s:;';;sn‘: -3.55: pd = .16.96
79 80 81 82 ‘

vapour in Titan's atmosphere | | T

Mastrogiuseppe et al. 2014, GRL / Kraken Mare image, NASA, JPL, DLR



A reglonal ocean under Enceladus

Quter ice shell:
50 km thick

Silicate core:
density 2.4 g cm=,
radius 200 km

Radio science doppler data taken Regional ocean:
during three fly-bys of Enceladus 8-10 km deep,
Perturbations of ~0.2-0.3 mm s~ extending to 50°S

less et al. 2014, Science
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FIrst Image of a extra-terrestrial glory

VEX VMC 24 July 2011 Venus glor Earth glory model

* VEX'Venus Monitoring Camera images
» Glory seen from ~ /0 Km cloud layer In backscattering geometry irom ~6000 Km

e S juence T nNarrow-nanda tier (U,o0c¢ *) 15 JOC i) 1rraygcs
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VEX VMC image of Venus in the UV / ESA



Mars Express: Mars planetary physics mission, launched 2003 / ESA
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Extent of MEX HRSC global mapping as of mid-2013 / ESA, DLR, FU Berlin (G. Neukum), Fred Jansen



Thermal inertia mapping of the martian surtace

Longitude

Mean thermal inertia (J.m2.sV/2,K?)
N T G
200 300 400

e Mars Express OMEGA thermal-IR mapping at 5-5.1um over 8 yrs

e [| derived from radiance converted to temperature, + atmospheric model

e [hermal inertia depends on surface material and structure

e Diurnal variations (~2—3 larger PM than AM): due to horizontal (e.g. rock
abundance, slopes) and vertical (layering, dust covering) heterogenerties

Audouard et al. 2014, Icarus
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Discovery of Beagle 2 on Mars, January 2015 / Univ. Leicester, Beagle 2, NAQA, JPI_,\.Jhiv. Arizona
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=xoMars 2016: Trace Gas Orbiter + Ent'ry,'De'sée;rlt, Laniding Demonstrator / ESA, Roscosmos
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BepiColombo: exploring the enigjmatic Mercury, launch in 2
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Rosetta: Comet rendezvous,
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Comet 9P/Tempel 1 seen by Deep Impact, 4 July 2005 / NASA



14 July 2014
Rot = 0 deg

5 km

67P/C-G approach images from OSIRIS NAC / ESA/Rosetta/MPS for OSIRIS team



67P/C-G from 180km on 3 August / ESA/Rosetta/MPS for OSIRIS Team






67P/C-G from 62km on 5 September / E$A./’Rose’gta/MfS for OSIRIS jea
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JAVCAN

na ,October'/ ESA/Rosetta/
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67P/C-G 3D shape model and surface model based on Rosetta images / Mattias Malmer, ESA/Rosetta/NAVCAM, ESA/Rosetta/MPS for OSIRIS team



Enceldaus albedo ~ 1.0
Cassini/NASA/JPL/SSI

Intensity scaled according to albedo



True-colour RGB image of 67P/C-G on 6 August 2014 / ESA/Rosetta/MPS for OSIRIS Team



NAVCAM
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Location of Philae first touchdown / ESA/Rosetta/NAVCAM, MPS for OSIRIS team, Philae/ROLIS, Machi (UMSF)



Philae’s descent to the surface of Comet 67P/C-G and first bounce, 12 November 2014 / ESA/Rosetta/MPS for OSIRIS team




Philae’s location on Comet 67P/C-G, 13 November 2014 / ESA/Rosetta/Philae/CIVA



Rosetta's ROSINA instrument finds | A e : '
Comet 67P/Churyumov-Gerasimenko's Py ; | @ €Sd
water vapour to have a significantly : '

different composition to Earth's oceans.
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Altwegg et al. 2014, Science



Activity on 67P/C-G on 22 November 2014 / ESA/Rosetta/MPS for OSIRIS Team
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HST WFC3 / AIIarget al. SDSS09012237+181432.3

e Strongly-lensed z~2 galaxy
e HIFl observations of [C lI] 168um line

e Shows well-estaplished rotation

e [win-nomed line profile typical of mature
galaxy with rotating gas disk, limited
contribution from accretion

e ot expected for young galaxies, still

heavily accreting gas from surroundings
Rhoads et al. 2014, ApJ

A kKinematically-mature galaxy at z~2
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Multipole moment
200 500 1000 1500 2000 2500

6000

5000
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2000

1000

Temperature fluctuations [ £K*]

0.5
Angular scale

Dark matter
26.8%

N

\.."“ 3 1 y l.‘-\lii-
Dark energy 4.9%
00.07/0

Cosmic microwave background: the echo of the Big Bang / Planck, HFI, LFI, ESA




Boulanger et al., Mivielle-Deschénes / Planck Consortium, ESA



' Qaia: Milky Way Surveyor, launched 2013 / ESA - : B 2 N s el s : :



- ESA, DPAC, Airbus DS

' '
SN AL ' 'n .
Gaia "first image”.
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NGC1818 in LMC / 212 x 212 arcsec / 2.85 s int. time / white light SM data



ESA, DPAC, Airbus DS |dentification of sources passing through Sky Mapper arrays
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Alpha [deg] - range: 1.57 deg
Omega Cen as seen by Gaia / ESA, DPAC, UB, IEEC



TIiO molecular band

Normalkzed counts [e-]

HIP 114114 (M6-8.5e, V=7.79)

I I I
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HIP 42291 (GO, V=6.55)

I )

B550 8600
Wavelengths [A]

Normalized counts [e-]

HIP 50933 (A0, V=4.94)

| I

8550 8600
Wavelengths [A]

Gaia RVS spectroscopy / ESA, DPAC, O. Marchal, D. Katz

Normalized counts fe-] Normalkzed counts [e-]

Nomalized counts [e-]

HIP 23311 (K3, V=6.21)

I

8600
Wavelengths [A]

HIP 9452 (FO0, V=6.61)

1

8600
Wavelengths [A]

HIP 12387 (B2, V=4.07)

1 1

8550 8600
Wavelengths [A]




Gaia’s first supemova: Gaial4aaa
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7_014—\“"31 201A—A09'05 01A-AU9‘10 2014-A09‘152014-A09‘2 2014-A09‘2 20144\09‘30

Date

ESA, Gaia, DPAC / Kostrzewa-Rutkowska et al., Blagorodnova et al., Fraser et al.




XMM-Newton: X—ray astrophysics observatory, launched 1999 TAESA



* Japanese-led X-ray observatory
* Verywide 0.3-600 keV energy coverage

One of first hard X-ray imaging + spectroscopy capabilities (5-80 kev_)'
First spectroscopy with high-resolution (E/6E ~ 1000) m|crocalc’>r| sl

ASTRO-H: New exploration X-ray te esc N mi
3



.o ".j\lex,t gemeratlon Iarge X-ray obser\/atory | '(

e Evoluhon bf not baryons N Umverse formaﬂon and evoluﬂo
) . ..1 %m f®cal Iength 2m?2 collectmg area; 3 arcsec resolu’u N
LE -Cryogemc IFU Spect(@meter E/éE 3000, 4 arcmin dief
«  Wide- ﬂeld |mager e 1@—50 35 x 35 aromin, <5

- _Substanhal follovv—;_ _ IR, M@{or obsoured.objects

, ot & energetic Universe
B |

giffom SKA/LSST, GRB redshifts

.
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Athena: .hivgh—energy astrophysics missic
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LISA Pathfinder: gravitational wave détection technology testbed, due for launch in 2015/ ESA
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Future grav.itational wave observatory, launch in 2034'/ ESA *
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photometric performance, point source, 10c in 10%s
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Calipbration: 10 ndy at 2um Is equivalent to 75 zeptowatts or 1 photon per second




Representative JWST sensitivity figures

Instrument A (M) Resolution Sensitivity
NIRCam 2.7 4 11.2 ndy, AB = 28.8
TH 8.5 100 126 ndy, AB = 26.1
NIRSpec low 2 100 120 ndy, AB = 26.2
NIRSpec medium 2 1000 900 ndy, AB = 24.0
NIRSpec high 2 3000 3.3 udy, AB = 22.6
MIRI Imaging 10 4.2 /00 ndy, AB = 24.3

WlRY Inriigfirie) 8.7 iy, AB =216
VIRl Spectroscopy “ 1.0 X 10

\ | ) 1 f 1
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JWST secondary mirror support deployment test, October 2014 / NASA, ESA, CSA, Northrop Grumman



NORTHROF GRL NN I

JWST sunshield deployment test, July 2014 / NASA, ESA, CSA, Northrop Grumman
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\A/eak Iensrng (shear + photo zs) and BAO S (redshn‘ts)«to probe dark matter nd d&k energy

21 OOkg satellite, Soyuz to L2, 6. 25 yr r?ussron 2m Ko‘r‘woh telesoope oogrion 053 deg2 FOV

Wlde ﬂeld (15 000 deg 2) and deep (4Q deg ) surveys - ,;'.' o A Tl N '
-_; VIS 576I\/Ip|x 0. 1”/p|x R+I+z imaging for shear (AB 24.5 10o extended) ; LER
- ’NISP 64I\/Ip|x O 3”/p|x et H imaging photo V&S (AB 24;%) ¥ slitless R~250 spectroscopy (redshn‘ts) ",‘

Requlres substantlal ground-based datae g I\/IOON& 4I\/IOST DES; CFHT | SST, MSE, Gaia . °

vTargets to: JWST, ALMA, E-ELT, SKA ;.~ el iy

EUClId oonsortlum leads payload provrsro,

=, <

Euclid: Exp]onng th r-R Un|verse Iaunoh 2020/ ESA i, ;
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% >

réalysrs ground based inputs:

-

Baokground image: lllustris Collaboration



long pointing

_— CoRoT|

¢ PLATQ

+ stepSsiare

”" long peinting

/
&
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\ ,_"- . Ttan's'tt search & rth nke (1— 1OI\/IE) planets iN hab|table zone of olfle]al solar—type stars :
¢haractérisation of théusands of rocky, |Cy, -and giant planets asteroselsmology of parent stars

o Wide-field multi- telescope payload at L2 p b -

- 2 Iong pointings: ~2-3 yrs (4,300 deg v step ‘and- stare 2—5 months/pomtmg (total 20 OOO deg )
e 34 ppmA/hr at V=11: 22,000-/ 85 000 stars 80 ppm/Jhr at V 13:.267,000 / 1 OOO OOO SRS L n
e, 32 “normal”+ 2 “fast”. cameras,.each 4 4. 5k X 4.5K. CCD’s: lnstantaneous FOV 2250 oleg2 oo

* - Most data |mmed|ate|y availablé after vahdatlon $mall tractlon RS proprletary per|od

e . Substant|al follow-Up etfort by PLATO consort|um eygstlng RV speotrometers ESPRESSO
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PLATO. ESA.transm.ng roCcky planet ‘dlscover-y and characten_setJOﬂ-mfssmn, Iaunch in 2024 / ESA s



sSummary

e Astonishing array of powerful new space- and ground-based
astronomical facilities on, just over, or above the horizon

* |ncreased need for forward planning to ensure appropriate
cooperation, synergies, and complementarities between them
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