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Beating records

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;

Orbiting a comet.
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Titan Summary

Only planetary satellite with an atmosphere
(N,, CH, and photolysis products)

Mean density 1.88 g/cm?
(silicate rocks 2.5-3.5 g/cm? ice ~1 g/cm?3)

Diameter of of Earth)

Surface Pres
(-179 C).

'S, Temperature: 94 K

Must be some source of methane on/in surface



Artwork by Mark Robertson-Tessi and Ralph Lorenz, LPL,

University of Arizona ( http://www.lpl.arizona.edu/~rlorenz)




Huygens
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Entry, descent and Landing of Huygens

2nd parachute

3rd parachute
ﬂl“‘\.

’&u Al

parachute

2h 28 min of descent = #%

72 min of data from the surface (V|a Cassml)
~3h13 min of radio signal from the surface

(via Earth-based radio temscopes T
Estimate: Batteries flat'® PRTEr [act sTonallih







Bright highlands: two styles of drainage networks




360° Panorama Normalised to 9 km Altitude

Mosaic of

Images taken
between 17 &
8 km altitude
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Titan’s North Polar Lakes and Seas
as revealed by the Cassini Titan RADAR Mapper
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The Huygens probe experiment(er)s
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Mesurement of the Concentration of
Chemical Constituents
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Results to Date

CH4 mole fraction altitude profile

14N/15N = 183+5

12C/13C = 82.3+1

D/H = (2.3+0.5)x10-4

36Ar =(2.8+0.3)x10-7

40Ar = (4.3240.1)x10-5

Kr and Xe below 10-8 mole fraction

CO2, C2H6, and C2N2 altitude and surface profiles



Presence of 40Ar (Cassini-INMS & Huygens-GC-MS)
~4,3x10-5 (GC-MS)
secondary atmosphere by degassing (40K => 40Ar)

icel

CHy

clathrates ?



CH, and N, Surface Profiles
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Location of ACC-E penetrometer and SSP on the
Huygens Probe

Vent tube
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Force (N)

ACC-E penetration force record

IE=]N

100

Sl

Onset of penetration- low force seen
for first few fractions of a second- a

B soft coating of ~8mm thickness?
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Force (N)

ACC-E penetration force record

Hard impact into a crust or a
pebble...followed by main
e penetration into irregular substrate
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ACC-E penetration force record

End of ‘clean’ penetration-
probe fore dome impacts
surface- other effects.
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Entry Accelerometry

ntry From acceleration measurements

ase l

1 density profile
{

from the top of atmosphere
to parachute deployment

probe mass (kg) acceleration component
in the direction of descent (m s2)

velocity relative to atmosphere probe cross-sectional
in the direction of descent (m s) aerodynamic drag coefficient &'€a (m?)



HASI ACC

e Sundstrand QA2000-030 servo accelerometer 2 ma
e Sensitive to 0.3ug at the top of the atmosphere IO —

2
e Density profile measurement C D AV




HASI ACC Data
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Altitude [km]

HASI Density Profile

HASI Density profile
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Titan lakes (RADAR)

Cassini/ISS map

L
Foad™;

Cryovolcano : Menrva crater
VIMS —:W\_I fluviatile system
{ J “f o 4 _ _ - — - Sinl.ap

crater

Huygens landing site
Fluvial networks
(DISR) -~




Methane Cycle

7 Meteoritic input

7 Seas or lakes of liquid

methane-ethane

7 Crvovolcanism  <4—

? Methane hydrates from £ 2 s |
internal structure

? Biomethanogenesis




Astrobiology : Titan
Similarities of Titan with the Earth

- Atmosphere, structure, composition, greenhouse properties,
climate similarities (haze «+ ozone)

- Many geological similarities (liquid bodies, fluvial networks, dunes,
(cryo)-volcanism, mountains, tectonics, erosion, impact craters ...)

- lce on Titan < rock on Earth

- Methane cycle « water cycle » o
BUT : Still to be fully understood!! . S -

In addition: an organic chemistry i
with many similarities with the early =
Earth’s prebiotic chemistry :

T




Sprn Rote [rpen)

L -

e " { \'-. hiodel =pin rate with
- comact Spinwanes
.--\\ \ anly

5=, ' \\
al chute release - increase in
‘demanded’ spead +torque o vaawessd

R
- = ‘\"‘\__\h Reconstnicted spin
i rate from flight

=i =
4] 000 +0 HI00

hiz=ion did nat follow expected profile

Time (1)






http://en.wikipedia.org/wiki/File:TSSM-TandEM-Lander.jpg
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S el BT comet
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9 UNIVERSITY OF KENT
AT CANTERBURY mmmm

A cornerstone of the
ESA long-term space science programine

Proceedings of an ESA Workshop held at the
University of Kent at Canterbury, UK, 15 - 17 July 1986
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RETROSPECTIVE VIEW
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SESAME

CIVA

COSAC

PTOLEMY

CONSERT




Philae

NS
CIVA
CONSERT
COSAC
PTOLEMY
MUPUS
ROLIS
ROMAP
SD2
SESAME

{cesa

Alpha X-ray spectrometer:.composition
SiX micro-cameras: surface imaging
Radio tomography of nucleus

Evolved gas analyser: organics
Evolved gas analyser: isotopic ratios
Probe on anchor: structure, properties
Imaging system: descent and landing
Magnetometer/plasma monitor

Drill to 20cm: deliver to analysis ovens

Probes comet outer layers



ESA/ROSETTA/MPS FOR OSIRIS TEAM

SPACE SCIENCE HORIZON 2000: A
RETROSPECTIVE VIEW

8-9 Feb 2018




1 Oct - 19 km orbit
15 Oct - 10 km orbit




ESA/Rosetta/OSIRIS
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ESA/ROSETTA/PHILAE




120 m from target
point!!!

S5







Where was the lander?
Had to wait until 2016
and the final close
orbits of the mission to
get an unambiguous
image
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4 PHILAE'S MAGNETIC FIELD MEASUREMENTS BEFORE AND AFTER SIJFEE COLLISION

The measurements are compared with a hypathetical model assuming a slightly magnetised surface.
The model also includes the strength of and variation in the interplanetary magnetic Aield near the camet nucleus.

Y
Thanks to the
bounce — more
data

Close to surface,
expect comet
magnetic field to
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% Temperature profile

o Day
B Night

MUPUS thermal mapper ——

Temnperature [*C)

Time () since final tauchdown

3 Hammering profile
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Philae results

Agilkia

eDusty region (10s cm deep), ~ lunar
regolith, possibly covering hard sub-
surface |

eImpact displaced ~180 kg material from °
surface, some entering sensors '

eQOrganic molecules, including some
never detected before.

eCombined with Rosetta - nucleus does
not have magnetic field, constraining
formation model

Abydos M 1
*-145 to -180 C - temperature cycle - low =
thermal inertia indicates thin dust layer ;

eSurface fracturing (as observed by
Rosetta)

eHard sub-surface measured ~ sintered
ice

eComet loosely compacted - 75-85%
porosity.



Global impact
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Science A%dvisory Committee, 1978
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