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Outer Planet On-Going Mission

o US-Europe (NASA-ESA-ASI) Cassini-
Huygens
— Prime mission completed (-Jul ‘08)
— Cassini Equinox Mission (- Sep ‘10)
— 2" Extension (-16/17 ?) under study

e Tour selected In late January
e Senior Review at NASA/HQ this week
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Missions on their way

e ESA’s Rosetta: Comet RV In 2014

— Philae lander
— Orbiter

* NASA’s New Horizons: Pluto (2014);
Kuiper Belt and beyond

* NASA's Dawn:
— Vesta (Oct ‘11- May ‘12)
— Ceres (Aug ‘15- Jan ‘16)
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Missions Iin development

« NASA’s JUNO (Jupiter Polar Orbiter)
— Launch in Aug. 2011
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Key Earth-based Observatories

 Hubble Space Telescope

* Optical Telescopes (Keck, VLT,
Gemini,...)

 Herschel (2009-
« JSWT (2013-
« ALMA (20117-

o SKA (2020-
— Operational Capabillity for OPMs ?
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Outer Planet Mission Studies

NASA and ESA jointly studied two Outer Planet Missions
(Merging of three NASA Flagship concepts and two ESA
Cosmic Vision proposals)

— Europa Jupiter System mission (EJSM)

— Titan Saturn System Mission (TSSM)

10-month intense effort in 2008

Assessment reports completed on 15 Nov.

Parallel evaluation in NASA and ESA in Nov-Dec

Joint down-selection activities in Jan ‘09

Decision expected to be announced on 12 ? Feb 09
Programmatic launch date: 2020 (‘18-'22 was explored)
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Study Organization

e Studies conducted under JPL/APL and
ESTEC leadership with JSDT support

e International JSDT's

— EJSM JSDT membership: US, EU and JPN
Scientists; RU scientists associated

— TSSM JSDT membership: US and EU
Scientists
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Joint Summary Reports
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EJSM Science Objectives (1)

e Characterize and determine the extent
of sub-surface oceans and their relation
to deeper Interior

« Characterize the ice shells and any
subsurface water, including the
heterogenity of the ice, and the nature
of surface-ice-ocean exchange

e Characterize the deep internal structure,
differentiation history, and (for
Ganymede) the intrinsic magnetic field
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EJSM Science Objectives (2)

« Compare the exospheres, plasma
environments, and magnetospheric
Interactions

 Determine global surface composition and
chemistry, especially as related to
habitability

o Understand the formation of subsurface
features, including sites of recent or current
activity, and identify and characterize
candidate sites for future in situ exploration
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Europa & Ganymede

potentially habitable worlds
In the Jupiter system
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NASA

e Reference Mission

— NASA Jupiter Europa
Orbiter

— ESA Jupiter Ganymede
Orbiter
« Potential addition

— JAXA Jupiter
Magnetospheric orbiter

— Follow-up RSA Europa
Lander

— (UK penetrator ?)
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JGO — Configuration/Structure

Key figures

Power
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TSSM Science Goals

 Goal A: How does Titan function as a system; to
what extent are there similarities and
differences with Earth and other solar system
bodies?

 Goal B: To what level of complexity has
prebiotic chemistry evolved in the Titan
system?
Goal C: What could be learned from Enceladus
and Saturn's magnetosphere about the origin
and evolution of Titan?
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Table 2.3-1. Science traceability matrix.: orbiter, comntd.

PLANMNIN(
L1 CIE SCIENC REQUIREL SR ASUREN ! 3510
E OB ONS ETEF ATHONS \PPROAC STF DATA PROD REQUIR
- Global grawity held to at least - helatve velocity petcients of spherica refer mapping phace
degree siv. Doppler accurate to between the spacecraft and harmonic expansion of orbit height nf% 1]
50 amis with &0 = integration ground station determined gravity field for further km
penods. from Doppler fracking with an analysis and
accuracy up to 50 um's with interpretation in terms of
0 = integration perods. (Ka- internal structure. The
band link stakility ~10-1* after static degree-two gravity
e all calibrations including field will lead to
Goal A: How  08&: Determine ruct i Tita accelerometer for non- R3A | consfraintz on the global
does Titan the state of SirChure o m. gravitational forces). density structure of the
function as a internal interior. Time variations
system; fo differentiation, of the degree-two field
whalilexlm :hether '[rti'-.m ;ill I%acll fo inl.'esﬁg;ﬁll;lg
are there az a metal core e tidal response of the
similarties and an mfnnsic satellitz and constramning
and maanehc field, itz viscoelashc structurs
differences and constrain the and crustal structure.
with Earth and | crustal M1: Detect or =&t limits on the AT: Vector Magnetometry Magnetic field vectorat T | Continuous
other solar expression of intrinsic magnetic field of Titan. {part of a combined = resolution from both MeasUrements,
sysiem ﬂ"IEF_mﬂ| E’-_fli'mt!li'ﬁ Measure vector magnetic field nstrument). zenzors lon and electron | globally distributed at
hodies? of Titan's mterior. perturbations of order a few nT thermal and varying alfitudes.
12: Determine &with a resolution of order suprathermal velocity Knowledge of orbiter
whether Titan has a 04 nT).Thermal and mapp | moments of density, atfitude and location,
dynama magnetosphernic plasma temperature and and a rigid
: measuremenis will provide magnetosphere- magnetometer boom.
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external currents from magnetic cleaniness
magnetospheric measurements. requirements vs.
boom length.
M1: Abundances of monomer A1l: Passive Thermakinfrared Thermal and Limb and nadir
Goal B T ﬂﬂ-.:: Determine and polymer organic ﬁpe[:ia; and | Fourier Tr‘Eu'lm"q_Ji'T;i'l.I ) mmr%rusgjfuinal maps and | viewing on polar orbi,
s To PrOcesses . inorgamc species with a spectrom Iin the region profiles g rotation in
whatlevelof  leadingtoform- |- Aesay the detortabity of <l ppb andan | fors 01400 wavenambers | RS | Srstosphere (50
complexity ation of complex SEEmda anﬂ{ accuracy of better than 3% over g—333 wm); resolution 0.1- 450 km) with altitude and
has prebiofic organics in the Cila mz trace | N alfitude range from 30— 1 wavenumber. latitude
chemistry Titan rru:lle[:flllar 1500 km. AZ: Submillimeter sounding AltTat maps of selected Dimb viewing from
evolved inthe | atmosphereand | oo one at 240540 GHz with organics polar orbit, in-irack
Titan system? | their deposition : resolution 300 khz and 10% M3 and off-track
on the surface. precision in retrieved ofientation
abundances.
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eSsa Montgolfiere Science Traceability Matrix flows from

the three goals to measurements

M2: Global electric =t D VTP

circuit and fair-weather|
electric field in the L i g -
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With a height M1: Optical maps In A1: Use the infrared Infrared maps of the surface | Adaplt the observation strategy to
resolution of 1 km the methane windows | images at different between 1 and 5.6 pm with | the motion of the montgolfiére.
M3: Extra low 7.« low | at 2.5 m resolution incidence angles to BIS a spectral sampling of 10.5 Coordination with VISTA-B for
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level
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knowledge of montgolfiere
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e NASA Orbiter with ESA in situ elements

e Mission Design

Orbiter — ASRG power (also MMRTG
compatible

Solar Electric Propulsion (SEP)
Lake Lander — battery powered
Montgolfiere Balloon — MMRTG powered
NASA provided Launch Vehicle and RPS

2020 Gravity Assist SEP trajectory
9 years to Saturn arrival
SEP stage released ~5 yrs after launch

Balloon released on 1st Titan flyby, Lander| -
on 2nd Titan flyby

Orbiter SEP Stage

<

Montgolfiere Lander

ESA

~4 year prime mission: 2 year Saturn tour,
2 mo Titan aerosampling; 20 mo Titan orbit
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[tan seasohal CyCle. expioration coverage

VBFNHE“ Egléigox Cassini Equinox Mission
Voyager 1 (Auagzoog), (2-year extended mission) _5 o Gap with Cassini
(12 Nov 1980) N End of Cassini Mission Potentially Closed
P \ l\jomggggmssmn with TSSM Extended Mission
Solstice Mission b {Jun ) Huygens
S (14 Jan 2005) TSSM End of Mission
_ o (Jul 2033)
Spring b= L
178 Titan days Cassini Arrival (0 " Perihelion
(Jui2009) . y (I 2003; Dec 2032)
Summer i 29 Winter Solstice
L e (Oct 2002; Apr 2032)
(Dec 1987; e
May 2017
] y- 900) ) Autumn
5T Summer 159 Titan days
/ 182 Titan days
Obliquity 26.7° TSSM Titan Orbit Insertion
(Sept 2031)
Aphelion g Ls=180°
(Sep 1988; Mar 2018) TSSM Launch TSSM Arrival

Autumnal Equinox (Sep 2029)

(Sep 2020) (Nov 1995; May 2025)

Orbital motion of Titan and Saturn around the Sun during one Saturn year. L denotes the Kronocentric
(Saturnicentric) orbital longitude of the Sun that characterizes the season.
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Two 1,000 km
Flybys at 20° N

Four polar
flybys
at 100 km

7 Close Enceladus Flybys
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» Lake Lander would be
released at 2nd Titan
flyby and targeted to land
In a northern polar lake —
Kraken Mare

« Montgolfiere would be
released at 1st Titan flyby
and targeted to ~20 deg
N. The balloon would
circumnavigate Titan.
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2 Months
Aerobarking and
Aerosampling

06 Nov 2008

20 Months in
Circular Polar
Orbit
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\/ YAV

Flight Configuration

SEP Option Stowed Configuration
in Atlas V Fairing

Integrated Stage fits around Orbiter Engine
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Conceptual design
of the Montgolfiere

montgolfiere floating over the
equatorial region of Titan
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Lake lander

Conceptual design of the lander
in floating configuration

Lander in deployed configuration as
it would be floating in Kraken Mare
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ESA CV L-Class Mission — schedule

Date \ Time frame
January 2009

1st quarter 2009

Spring 2009
June 2009 — June 2010

September 2010
Late 2010

1st quarter 2011 to mid
2012

End 2012

May 2015 — Nov. 2016
Nov. 2016 — Nov. 2019
2020

Action

Joint ESA/NASA down-selection; confirmation of down-selection by the ESA
Science Programme Committee (SPC) on 4 Feb. 2009

- Preparation for Invitation to Tender (ITT) for 2 parallel industrial studies.
- Call for instrument studies (Declaration of Interest for national funded studies)
for the down-selected mission

Issue of ITT

2 Competitive industrial studies; nationally funded instrument studies in parallel
Due date for L-Class assessment report

Selection of 2 of the remaining 3 L-class missions for launch in 2020:
Candidates: Outer Planet Mission, IXO (Xeus), LISA

Industrial studies (start of phase B1) — Definition Phase

Selection of 1 L-class mission for launch in 2020 - mission moves into phase
B2 (12 months)

Phase C (30 months)
Phase D (36 months)

Launch

ESA CV Programme: OPM Studies ELW2009, IKI, Moscow, 9-13 Feb 2009 35



‘ _" . 9
election process
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