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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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Cassini/Huygens
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Titan Summary
• Only planetary satellite with an atmosphere 

(N2, CH4 and photolysis products)

• Mean density 1.88 g/cm3

(silicate rocks 2.5-3.5 g/cm3 ice ~1 g/cm3)

• Diameter of 5150km (40% of Earth)

• Surface Pressure: 1.5x Earth’s; Temperature: 94 K
(-179 C).

• 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

2h 28 min of descent

3rd parachute
2nd parachute

1st
parachute

72 min of data from the surface (via Cassini)
3h13 min of radio signal from the surface 
(via Earth-based radio telescopes)
Estimate: Batteries flat 10-20 min after last signal received



Credits: ESA/NASA/JPL/University of Arizona 
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Bright highlands: two styles of drainage networks



John Zarnecki Public Lecture - The Royal Society 

Mosaic of 
images taken 
between 17 & 
8 km altitude

360o Panorama Normalised to 9 km Altitude
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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 = (4.32+0.1)x10-5
• Kr and Xe below 10-8 mole fraction
• CO2, C2H6, and C2N2  altitude and surface profiles
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Presence of 40Ar   (Cassini-INMS  &  Huygens-GC-MS)
~4,3x10-5 (GC-MS)

secondary atmosphere by degassing (40K => 40Ar)



CH4 and N2 Surface Profiles

Impact
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Location of ACC-E penetrometer and SSP on the 
Huygens Probe



SSP Surface Impact
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ACC-E penetration force record
Onset of penetration- low force seen 
for first few fractions of a second- a 
soft coating of ~8mm thickness?

Adapted from M. Towner
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ACC-E penetration force record
Hard impact into a crust or a 
pebble…followed by main
penetration into irregular substrate

Adapted from M. Towner
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End of ‘clean’ penetration-
probe fore dome impacts 
surface- other effects.

ACC-E penetration force record

Adapted from M. Towner
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Entry Accelerometry
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Visit of Chinese Delegation - 16 Sept 2009

HASI ACC
• Sundstrand QA2000-030 servo accelerometer
• Sensitive to 0.3µg at the top of the atmosphere
• Density profile measurement
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HASI ACC Data
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HASI Density Profile

Credit: ESA / ASI / UPD / OU / 
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http://en.wikipedia.org/wiki/File:TSSM-TandEM-Lander.jpg




Giotto
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Philae



Philae

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

APXS

ÇIVA

CONSERT

COSAC

PTOLEMY

MUPUS

ROLIS

ROMAP

SD2

SESAME
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ESA/Rosetta/OSIRIS





9m

ESA/ROSETTA/PHILAE/ROLIS



120 m from target 
point!!!





Where was the lander?
Had to wait until 2016 
and the final close 
orbits of the mission to 
get an unambiguous 
image









Thanks to the 
bounce – more 
data 
Close to surface, 
expect comet 
magnetic field to 
dominate 
external field. 
This was not seen 
– data suggests 
that comet is not 
magnetized.

ESA/Rosetta/Philae/ROMAP

ESA/Rosetta/RPC/MAG





Philae results

Agilkia
•Dusty region (10s cm deep), ~ lunar 
regolith, possibly covering hard sub-
surface 
•Impact displaced ~180 kg material from 
surface, some entering sensors
•Organic molecules, including some 
never detected before. 
•Combined with Rosetta - nucleus does 
not have magnetic field, constraining 
formation model

Abydos
•-145 to -180 C - temperature cycle - low 
thermal inertia indicates thin dust layer 
•Surface fracturing (as observed by 
Rosetta)
•Hard sub-surface measured ~ sintered 
ice
•Comet loosely compacted - 75-85% 
porosity. 



Global impact



Global coverage, social media and 
awareness

QuickTime™ and a
'avc1' decompressor

are needed to see this picture.

•Physics World: 2014 breakthrough of the year
•Science Magazine: Breakthrough of the year
•NBC News: 2014 Year in Space top mention
•Nature: Andrea Accomazzo - #1 in Nature’s list 
of 10 people who mattered this year
•A mention in the Facebook and Google year in 
review videos 





Science Advisory Committee, 1978 
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