


Huygens is the element contributed by ESA to Cassini/Huygens, the joint
NASA/ESA/ASI planetary mission to the Saturnian system. Titan, the largest moon
of Saturn, is a central target of the mission. The Saturn Orbiter was provided by
NASA, while ASI contributed its high-gain antenna and other radio subsystem
equipment under a bilateral NASA/ASI agreement. JPL is managing the mission for
NASA. The spacecraft was launched on 15 October 1997 by a Titan IVB-Centaur
rocket from Cape Canaveral Air Force Station in Florida. The 5.6 t spacecraft was too
heavy to be injected into a direct trajectory to Saturn, so the interplanetary voyage of
about 6.7 years included gravity-assist manoeuvres at Venus, Earth and Jupiter
(Fig. 2.4.1). It was inserted into orbit around Saturn on 1 July 2004. Titan
observations were conducted before the release of Huygens, on 2 July, 26 October
and 13 December 2004. They were key to confirming the properties of Titan’s
atmosphere and increasing confidence in the success of the Huygens entry. At the end
of the third revolution, the Orbiter released Huygens for a successful entry and
landing, on 14 January 2005. Following completion of the Probe mission, the Orbiter
is continuing its exploration of the Saturnian system during 75 orbits around Saturn
over 4 years. It is making repeated close flybys of Titan, both for data gathering about
the moon and for gravity-assist orbit changes that are permitting it to make a tour of
Saturn’s satellites, reconnoitre the magnetosphere and obtain views of Saturn’s higher
latitudes. During its 4-year nominal mission, Cassini is making detailed observations
of Saturn’s atmosphere, magnetosphere, rings, icy satellites and Titan.

The Cassini/Huygens mission is designed to explore the Saturnian system and all of
its elements: the planet and its atmosphere, rings and magnetosphere, and a large
number of its moons, particularly Titan and the icy satellites. Titan is the second
largest moon in the Solar System after Jupiter’s Ganymede. Its atmosphere resembles
that of the Earth more closely than that of any other Solar System body. Nitrogen is
the major constituent, at a surface pressure of 1.5 bar, compared with 1 bar on Earth.
The other major constituent is methane: ~1.5% in the upper atmosphere, ~5% near the
surface. Argon, which was speculated to be present with an upper limit of 1%, was
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2.4 Cassini/Huygens

For further information, see http://sci.esa.int/huygens

Figure 2.4.1. Left: the interplanetary trajectory of the Cassini/Huygens spacecraft. Right: the trajectory upon arrival at Saturn; the
Probe is released towards the end of the initial orbit around Saturn.
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Table 2.4.1. The principal characteristics of the Huygens payload.

Instrument/PI Science objectives Sensors/measurements Mass Power Participating
(kg) (typical/ countries

peak, W)

Huygens Atmospheric Atmospheric temperature T: 50-300K, P: 0-2000 mbar 6.3 15/85 I, A, D, E, 
Structure Instrument and pressure profile, winds γ: 1 μg-20 mg F, N, 
(HASI) and turbulence AC E-field: 0-10 kHz , SF, USA, 

Atmospheric conductivity. 80 dB at 2 μV/m Hz UK, 
M. Fulchignoni, Search for lightning. DC E-field: 50 dB at 40 mV/m ESA/RSSD, 
University Paris 7/ Surface permittivity and Conductivity 10-15 Ω/m to ∞ IS
Obs. Paris-Meudon radar reflectivity. Relative permittivity: 1 to ∞
(France) Acoustic: 0-5 kHz, 90 dB at 5 mPa

Gas Chromatograph Atmospheric composition Mass range: 2-146 dalton 17.3 28/79 USA, A, F
Mass Spectrometer profile. Aerosol pyrolysis Dynamic range: >108

(GCMS) products analysis. Sensitivity: 10-10 mixing ratio
Mass resolution: 10-6 at 60 dalton

H.B. Niemann, GC: 3 parallel columns, H2 carrier gas
NASA/GSFC, Quadropole mass filter
Greenbelt (USA) 5 electron impact sources

Enrichment cells (×100-×1000)

Aerosol Collector and Aerosol sampling in two 2 samples: 150-40 km; 23-17 km 6.3 3/85 F, A, USA
Pyrolyser (ACP) layers – pyrolysis and 3-step pyrolysis: 20°C, 250°C, 600°C

injection to GCMS
G.M. Israel, 
SA/CNRS Verriéres-le-
Buisson (France)

Descent Atmospheric composition Upward and downward 8.1 13/70 USA, D, F
Imager/Spectral and cloud structure. (480-960 nm) and IR (0.87-1.64 μm) 
Radiometer Aerosol properties. spectrometers, res. 2.4/6.3 nm.
(DISR) Atmospheric energy Downward and side looking imagers. 

budget. (0.660-1 μm), res. 0.06-0.20°
M.G. Tomasko, Surface imaging. Solar Aureole measurements: 
University of Arizona, 550±5 nm, 939±6 nm.
Tucson (USA) Surface spectral reflectance with 

surface lamp.

Doppler Wind Probe Doppler tracking (Allan Variance) : 10-11 (1 s); 1.9 10/18 D, I, USA
Experiment (DWE) from the Orbiter for zonal 5×10-12 (10 s); 10-12 (100 s)

wind profile measurement. Wind measurements 2-200 m/s
M.K. Bird, University Probe spin, signal attenuation
of Bonn (Germany)

Surface Science Titan surface state and γ: 0-100 g; tilt ±60°; T: 65-110K; 3.9 10/11 UK, F, 
Package (SSP) composition at landing Tth: 0-400 mW m-1 K-1 USA, 

site. Atmospheric Speed of sound: 150-2000 m s-1, ESA/RSSD,
J.C. Zarnecki, measurements. Liquid density: 400-700 kg m-3 PL
Open University, Refractive index: 1.25-1.45
Milton Keynes (UK) Acoustic sounding, liquid relative

permittivity
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detected, but in small quantities (at the ppm level). At Titan, methane takes the role
that water plays on Earth. The photolysis of methane in the atmosphere, owing mainly
to the solar UV radiation but also to cosmic rays and precipitating energetic
magnetospheric particles, gives rise to a complex organic chemistry. Chemical
reactions taking place in the continuously evolving atmosphere provide possible
analogues to some of the prebiotic organic chemistry that was at work on the
primitive Earth, before the appearance of life some 3.8 Gyr ago. Observations from
Cassini-Huygens confirmed that Titan resembles the Earth in many ways.

Huygens was designed for a detailed in situ study of Titan’s atmosphere and to
characterise the surface of the satellite near the Probe’s landing site. The objectives
were to make detailed in situ measurements of the atmosphere’s structure,
composition and dynamics. Images and spectroscopic measurements of the surface
were made during the atmospheric descent. Since it was hoped that the Probe would
survive after impact for at least a few minutes, the payload included the capability for
making in situ measurements for a direct characterisation of the surface at the landing
site.

On 10 October 1989, NASA and ESA simultaneously released coordinated
Announcements of Opportunity (AOs) calling respectively for investigations to be
performed with the Saturn Orbiter and the Huygens Probe. The NASA AO called for
four types of proposals:

— Principal Investigator (PI) Instruments;
— Orbiter facility team leader (TL);
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Table 2.4.2. The Huygens interdisciplinary scientists.

Scientist/Affiliation Field of Investigation

ESA Selection
D. Gautier, Obs. de Paris, Meudon, F Titan aeronomy

J.I. Lunine, Univ. of Arizona, Tucson, USA Titan atmosphere/surface interactions

F. Raulin, LPCE, Univ. Paris 12, Creteil, F Titan chemistry and exobiology

NASA Selection
M. Blanc, Observatoire Midi-Pyrénées, Plasma circulation and magnetosphere/

Toulouse, F ionosphere coupling

J. Cuzzi, NASA Ames Research Center, Rings and dust within Saturnian system
Moffett Field, USA

T. Gombosi, Univ. of Michigan, Plasma environment in Saturn’s
Ann Arbor, USA magnetosphere

T. Owen, Inst. for Astronomy, Atmospheres of Titan and Saturn
Honolulu, USA

J. Pollack (deceased), NASA Ames Origin and evolution of Saturnian system
Research Center, Moffett Field, USA

L. Soderblom, US Geological Survey, Satellites of Saturn
Flagstaff, USA

D. Strobel, Johns Hopkins University, Titan’s and Saturn’s atmospheric
Baltimore, USA aeronomy

The payload
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— Orbiter facility team member (TM);
— Interdisciplinary Scientist (IDS) investigation.

The ESA AO called for two types of proposals: 
— PI Instrument;
— Interdisciplinary Scientist investigation.

The ESA Huygens selection, which comprised six PI Instruments (Table 2.4.1) and
three IDS investigations (Table 2.4.2), was announced in September 1990. The
NASA Saturn Orbiter selection, which comprised seven PI Instruments, four Team
Leaders, 52 Team Members and seven IDS investigations, was announced in
November 1990. During the selection process, NASA included the additional INMS
facility instrument on the Orbiter, for which a call for Team Leader and Team Member
investigation proposals was released in August 1991. The INMS investigation
selection was announced in February 1992. The NASA-selected IDS is shown in
Table 2.4.2 and the Orbiter Payload in Table 2.4.3.

The Cassini/Huygens spacecraft arrived at Saturn in late June 2004. The Saturn Orbit
Insertion (SOI) manoeuvre was executed while above the ring plane on 1 July; two
ring plane crossings occurred around the main engine burn. SOI established a 119-day
orbit, which included the first targeted Titan flyby. The second (48-day) orbit, which
also included a targeted Titan flyby, shaped the trajectory so that the Huygens mission
could be carried out on the third (32-day) orbit using an Orbiter flyby altitude of
60 000 km. The Huygens mission trajectory was changed in 2001 to accommodate a
new geometry requirement during the Probe relay phase that reduced the Doppler
shift of the radio signal received by the Orbiter. This change was necessary to cope
with a design flaw of the Huygens radio receiver discovered during in-flight testing
in 2000. The onboard software of the Probe and several instruments was also
modified in December 2003 to optimise the mission recovery. The Probe was released
on 25 December 2004, about 20 days and 7 h before Titan encounter. Within 48 h of
release, the Orbiter took three series of images of the Probe moving away. They were
used to refine the knowledge of Huygens’ trajectory and to confirm that it was well
on target for entry 3 weeks later.

Three days after release, the Orbiter performed a deflection manoeuvre to avoid
Titan impact. This manoeuvre also set up the Probe-Orbiter radio communication
geometry for the descent. Huygens entered Titan’s atmosphere on 14 January 2005 at
09:06 UTC. The Orbiter received the data on its High Gain Antenna (HGA) for more
than 3.5 h. The Probe transmitted data on two channels, but, owing to a missing
command in the mission sequence aboard the Orbiter, one receiver was not
configured to receive the data. The other channel worked flawlessly. The data were
stored in the Orbiter’s two solid-state recorders for later transmission to Earth after
completion of the Probe mission. The main events of the Probe entry and descent are
illustrated in Fig. 2.4.2. The Probe data were received on Earth within 3 h of the
Orbiter stopping listening to Huygens and reorienting its HGA towards Earth.

After completion of the Probe mission, the Orbiter continued its 4-year satellite
tour of the Saturnian system. This consists of 75 Saturn-centred orbits, connected by
Titan gravity-assist flybys or propulsive manoeuvres. The size of these orbits, their
orientation to the Sun/Saturn line and their inclination to Saturn’s equator are dictated
by the various scientific requirements, which include: Probe landing site ground-track
coverage, icy-satellite flybys, Saturn, Titan or ring occultation, magnetosphere
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Cassini/Huygens
mission overview
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Table 2.4.3. Saturn Orbiter payload.

Instrument Measurement Technique Mass Power Countries
PI (kg) (W)

Optical Remote Sensing
Composite Infrared High-resolution spectra, Spectroscopy using 43 43.3 USA, F, D, 
Spectrometer (CIRS) 7-1000 μm 3 interferometric spectrometers I, UK
V. Kunde, NASA/GSFC, USA

Imaging Science Photometric images through Imaging with CCD detectors; 56.5 59.3 USA, F, D,
Subsystem (ISS) filters, 0.2-1.1 μm 1 wide-angle camera (61.2 mrad FOV); UK
C. Porco, U. Arizona, USA 1 narrow-angle camera (6.1 mrad FOV)

Ultraviolet Imaging Spectral images, 55-190 nm; Imaging spectroscopy, 15.5 14.6 USA, F, D
Spectrometer (UVIS) occultation photometry, 2 ms; 2 spectrometers; 
L. Esposito, U. Colorado, H and D spectroscopy, hydrogen-deuterium absorption cell
Boulder, USA 0.0002 μm resolution

Visible and Infrared Mapper Spectral images, 0.35-1.05 μm Imaging spectroscopy; 37.1 24.6 USA, F, D, I
Spectrometer (VIMS) (0.073 μm resolution); 2 spectrometers
R. Brown, U. Arizona, 0.85-5.1 μm (0.166 μm resolution); 
Tucson, USA occultation photometry

Radio Remote Sensing
Cassini Radar (RADAR) Ku-band radar images (13.8 GHz); Synthetic aperture radar; radiometry 43.3 108.4 USA, F, I, 
C. Elachi, JPL, USA radiometry, <0.5K resolution with a microwave receiver UK

Radio-Science Ka/S/X-bands; frequency, phase, X/Ka-band uplink; 14.4 82.3 USA, I
Instrument (RSS) timing and amplitude Ka/X/S-band downlink
A. Kliore, JPL, USA

Particle Remote Sensing & In-Situ Measurement
Magnetospheric Imaging 1. Image energetic neutrals and ions 1. Particle detection and imaging; 29 23.4 USA, F, D
Instrument (MIMI) at <10 keV to 8 MeV per nucleon; ion-neutral camera (time-of-flight, 

composition. 2. 10-265 keV/e ions; total energy detector); 2. charge 
S.T. Krimigis, charge state; composition; directional energy mass spectrometer; 
Johns Hopkins Univ, flux; 3. mass range: 20 keV to 3. solid-state detectors with 
Baltimore, USA 130 MeV ions; 15 keV to >11 MeV magnetic focusing telescope and 

electrons; directional flux aperture-controlled ~45° FOV

In-Situ Measurement
Cassini Plasma Particle energy/charge: Particle detection and spectroscopy: 23.8 19.2 USA, SF, F,
Spectrometer (CAPS) 1. 0.7-30 000 eV/e; 1. electron spectrometer; H, N, UK
D.T. Young, SWRI, 2. 1-50 000 eV/e 2. ion-mass spectrometer;
San Antonio, USA 3. 1-50 000 eV/e 3. ion-beam spectrometer

Cosmic Dust Analyser Directional flux and mass of dust Impact-induced currents 16.8 19.3 D, CZ, F, 
(CDA) particles in the range 10-16-10-6 g; ESA/RSSD, 
E. Gruen, MPI Heidelberg, D chemical composition N, UK, USA

Dual Technique B: DC to 4 Hz up to 256 nT; Magnetic field measurement; flux 8.8 12.4 UK, D, USA
Magnetometer (MAG) scalar field DC to 20 Hz gate magnetometer; vector-scalar 
D. Southwood, IC, UK up to 44 000 nT magnetometer

Ion and Neutral Fluxes of +ions and neutrals Mass spectrometery; closed source 10.3 26.6 USA, D
Mass Spectrometer (INMS) in mass range 2-66 amu and open source
J.H. Waite, SWRI, 
San Antonio, USA

Radio and Plasma E: 10 Hz-2 MHz; B: 1 Hz-20 kHz; Radio frequency receivers; 3 electric 37.7 17.5 USA, A, F, 
Wave Science (RPWS) plasma density and temperature monopole antennas; 3 magnetic S, UK, N
D. Gurnett, U. Iowa, USA search coils; Langmuir Probe
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Table 2.4.4. Mass breakdown of the
Cassini/Huygens spacecraft.

Orbiter (dry, inc. payload) 2068 kg

Probe (inc. 44 kg payload) 318 kg

Probe Support Equipment 30 kg

Launch adaptor 135 kg

Bipropellant 3000 kg

Monopropellant 132 kg

Launch mass 5683 kg

coverage, orbit inclinations and ring-plane crossings. Titan is also a principal target
for the Orbiter; it is being observed during each of the 45 targeted Titan flybys.

The Orbiter science instruments are mounted on two body-fixed platforms: the
remote-sensing pallet and the particle & field pallet; the magnetometer is mounted at
the tip of an 11 m-long boom; the magnetic and electric antennas of the RPWS
experiment are mounted on the body; both the radar and the radio-science instrument
use the HGA. The mass budget of the spacecraft is shown in Table 2.4.4.

Huygens successfully entered Titan’s atmosphere and descended by parachute to
Titan’s surface. Even though one of the radio receivers on Cassini was not switched
on properly, an excellent dataset was delivered to Earth thanks to redundancy. The
descent lasted 148 min. Huygens survived the landing and continued to operate on the
surface for more than 3 h. The Orbiter received data transmitted from the surface for
72 min until it passed below the landing site horizon.

The carrier frequency signal of the channel not properly received on the Orbiter
was tracked on Earth by an array of radio telescopes. Doppler tracking was achieved
by the Green Bank Telescope in West Virginia, USA, and at the Parkes telescope in
Australia. These and 15 other radio telescopes were part of a Very Long Baseline
Interferometry (VLBI) network that was tracking Huygens. The network achieved
precise VLBI tracking during the whole descent and for 3 h 14 min on the surface.
Huygens was still transmitting at the end of the planned radio observation period.
Post-flight analysis of the telemetry indicated that the Probe’s batteries were fully
discharged about 15 min after the last radio signal was received on ground.

The data provides a rich harvest of scientific information about Titan. The ground-
based radio observations are an excellent complement. In addition, a coordinated
campaign of many optical telescopes observed Titan around the time of, and during,
the Probe’s descent. The detailed in situ data also complement the impressive set of
data acquired by Cassini during its Titan flybys. The Huygens results were published
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Figure 2.4.2. The entry and descent 
sequence for the Huygens Probe.

Scientific highlights

110–0 km
3rd ‘chute
(133 min)

155–110 km
2nd ‘chute
(15 min) 

Data via Cassini: 148 min of descent + 72 min on surface
Signal via radio telescopes: 342 min, inc. 194 min from surface

156 km
1st ‘chute

(2 s)
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in Nature (8 December 2005). Most of the results from the ground campaign will
appear in a special issue of the Journal of Geophysical Research in 2006. 

The structure of the upper atmosphere was inferred from accelerometry
measurements during entry from about 1400 km down to 160 km by HASI. Pressure
and temperature were measured directly by HASI below 155 km. Huygens confirmed
the troposphere temperature profile obtained by Voyager using radio occultation. The
surface temperature is –179ºC. The physical and optical properties of the organic haze
that prevented Voyager’s camera from seeing the surface through the atmosphere was
well characterised by the DISR, which made measurements during the whole descent.
Although the haze did not clear below the tropopause, the camera obtained clear
views of the surface below about 50 km. Extraordinary panoramas were reconstructed
from a series of images taken at different altitudes and azimuth angles, taking
advantage of the fact that the Probe was spinning under its parachute. Examples are
shown in Fig. 2.4.3, which reveal a complex surface with river networks cut into an
icy landscape. Huygens landed in what appears to be a dry lake or riverbed. The most
detailed surface image was obtained after landing (Fig. 2.4.3, bottom right) and shows
a surface covered with ice pebbles and cobbles mixed with organic material. 

The composition of haze particles was measured using the combination of the ACP
and GCMS. GCMS also measured the composition of the atmosphere during the
descent and obtained the methane concentration profile down to the surface. The
methane mole fraction, as measured by GCMS, has a constant value of
1.41±0.07x10–2 in the stratosphere. It increases below about 32 km down to 8 km to
4.92±0.25x10–2, then remains constant down to the surface. Upon impact, the GCMS
inlet was heated to facilitate evaporation of surface material into the mass
spectrometer. Impact measurements by the SSP provided evidence that Titan soil has
the consistency of wet sand. The methane model fraction measured on the surface
rose to about 7% (40% increase) and then remained constant for the rest of the time
that GCMS collected data. Methane measurements, complemented by data from
Cassini, provide a new understanding of the methane cycle on Titan. Researchers are
now suggesting a subsurface reservoir of methane. DISR and GCMS data provide
good evidence that there is intense geological activity, substantiated by observations
made by the Orbiter VIMS and radar. 

The DWE, using the Doppler tracking and VLBI observations from the start of the
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Figure 2.4.3. Huygens’ view of Titan,
based on DISR images. Original black and
white images are ‘colourised’ based on the
spectral data. The bright area near the
centre top is the bright part of Titan’s haze
below the Sun. Surface features appear as
Huygens descends through the haze. At
21 km (top right), it passes through a thin
haze layer. Below 7 km (bottom left), the
forward, eastward motion reverses, before
reversing again at 1 km (centre bottom).
On landing, the view is to the southern
horizon with ice rocks visible below, with
nearby rocks of some 20 cm. (Frames
extracted from DISR movie available at
http://saturn.esa.int) (Background of top
left image courtesy NASA/JPL/SSI/ISS
Team)
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descent, inferred wind properties. Below about 50 km, winds were independently
measured by DISR, which tracked surface features. Prograde (west to east) winds as
high as 120 m/s were observed above 120 km. The winds generally followed the
profile predicted from Voyager observations with two major exceptions: a weak wind
layer was detected around 80 km, with strong wind gradients above and below it. The
wind reversed below 8 km, becoming westerly. Wind speeds of ~1 m/s were observed
near the surface, sufficient to explain the formation of dunes of sand-like material
observed by the Cassini radar. Dune-like features were also spotted by DISR, and
used as landmarks to reposition the Huygens landing site in overall radar, ISS and
VIMS surface images. This allowed independent confirmation (to an accuracy of a
few tens of km) of the coordinates of the landing site determined by the Huygens
Descent Trajectory working group using data from all Huygens investigations
(Fig. 2.4.4).

Data from the Orbiter investigations are regularly archived and made available to the
wide scientific community and the public through the NASA Planetary Data System
(PDS). Data from the Huygens investigations are being archived in the ESA Planetary
Science Archive (PSA) and mirrored in the PDS. The plan is to make the data publicly
available on 15 July 2006. High-level data products will be reworked once a full
characterisation of the Probe entry and descent performance is achieved, taking into
account the measured atmosphere profile. It is planned to redeliver an updated
Huygens data archive in 2007/2008.
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Data archive

Figure 2.4.4. The reconstructed altitude
and descent speed. 
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