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The CASSINI mission: 

Scientific results after eight years around Saturn 



• La missione Cassini-Huygens, risultato 

della collaborazione tra  NASA, ASI ed 

ESA è forse la più complessa ed 

ambiziosa missione mai tentata nel 

corso dell’esplorazione dei pianeti del 

Sistema Solare. 

• I 12 strumenti del P/L coprono tutto lo 

spettro dall’UV alle microonde e gli 

esperimenti in-situ permettono di 

ottenere campioni di polveri, particelle 

energetiche e di misurare il campo 

magnetico locale. 

• Lanciata nel 1996 è stata immessa  

nell’orbita di Saturno il 1 Luglio 2004 



Italian Contribution to the orbiter 

• S/C Sub Systems: 
– High Gain Antenna (4m carbon fiber 

reflector; 4 bands S,X,Ku,Ka) 

– Majority of the Radio System (RFES and 
RFIS) 

– Star Trackers 

• Scientific Payload 

Visible and Infrared Mapping Spectrometer (VIMS) 

• Science Contribution  
– Radio Science Experiment 

– Radar Experiment 

– Visible and Infrared Mapping Spectrometer (VIMS) 

– 2 Participating Scientists from 2011  



HASI 

Huygens Atmospheric  

Structure Instruments  

led by Marcello Fulchignoni 



Saturn’s rings and satellites system 



Why  study the Saturn System? 

• A giant planet surrounded by a complex system of moons, 

ring and particles 
 

• Understanding Saturn system formation will help 

understanding the formation of the Solar System 
 

• A laboratory where phenomena that were present at the 

beginning of the Solar System are still acting (planet 

differentiation, accumulation and destructions in the rings, 

tidal interactions, collisional processes,…) 
 

• A satellite (Titan) surrounded by a primordial atmosphere 
 

• Captured objects possibly telling an history of far regions… 



Solstice Mission 

Solstice Mission 





Overwhelming Scientific Production...... 
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Cuzzi et al., 2012 



Phoebe 
Phoebe is the farthest Saturn satellite orbiting 

at a distance of 13 million km (215 Rs);  
 

is on a 550 days retrograde orbit and has a 

radius of about 110km 
 

Orbit inclination is 27° 
 

Its albedo is below 6% and its spectrum is 

considerably  different from the other Saturn 

satellites. 
 

Most closely resembles that of C-type 

asteroids and small outer SS bodies such as 

Chiron and Pholus thought to have originated 

in the Kuiper Belt.  

Every clue points to a captured origin of a body that could 

represent a sample of a very primitive class of objects, 

possibly originated in the Kuiper Belt 



Phoebe Composition 

VIMS spectra of Phoebe illustrate the spectral diversity of Phoebe’s surface.  

The spectra are averages from multiple locations. 

VIMS spectra have been statistically analyzed using the G-mode clustering 

method to identify the most important features in a spectrum  

Coradini, Tosi et al, 2008 



Filacchione et al., 2011 



Icy Satellites Spectral Variability 



Spectra interpretation 

and modelling 
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Ciarniello et al, 2011 



Filacchione et al., 2012 

Spectra interpretation and modelling 



Bormio  17 – 21  Gennaio 

2011 

X Congresso Italiano  

di Planetologia  



Titan’s organic haze layer 



Bormio  17 – 21  Gennaio 
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di Planetologia  

Observation of HCN 

spectral features at 

800-1100km altitudes 

correlated to Solar 

Zenith Angle  

Adriani et al 2011 



Titan 

• The Cassini spacecraft captured the first flash of sunlight reflected off a lake on 

Saturn's moon Titan, confirming the presence of liquid on the part of the moon 

dotted with many large, lake-shaped basins. 



Titan Interior from the Radio science experiment  

• Lacking a detectable internally generated magnetic field, 

constraints on the interior of Titan come from gravity, 

topography, and rotation measurements. 

• The modulation of tidal forces due to the non-negligible 

eccentricity of Titan’s orbit causes deformation of the shape 

and changes in the gravity field described by the Love number 

K2 

• K2 It is an indication of the mass redistribution inside the body 

in response to the forcing potential (K2 =0 for a rigid body, K2 

=3/2 for an incompressible fluid body) 

• Results obtained by Iess et al, 

2012  show K2 value compatible 

with some global layer within  

Titan which is behaving like a 

fluid on orbital time scales 

 

Iess et al., 2012 



The Rosetta mission: ESA’s comet chaser 

 



The Rosetta mission 

• ESA's Rosetta spacecraft will be the first to undertake the 

long-term exploration of a comet at close quarters.  

• It comprises a large orbiter carrying 11 P/L instruments, 

which is designed to operate for a decade at large distances 

from the Sun, and a small lander (Philae).  

• Rosetta was launched on 2nd March 2004. 

 

• Is presently in hibernation (since June 2011); not even the 32 

meters long solar panels can provide enough power for 

operations at distances larger than 4AU. 

• It will be revived in February 2014 for an encounter with 

comet 67P/Churyumov-Gerasimenko in November 2014 



• Comets are believed to be the most 

primitive objects in the Solar System. 

• They have spent most of their life in a 

cold environment and are unlikely to be 

deeply thermally altered.  

• When a comet enters the inner Solar 

System a coma is formed by the 

sublimation of ices, followed by dust 

ejection and differentiation of  the 

subsurface layers. 

Comet 67P/Churyumov-Gerasimenko has a 

nucleus about 4 kilometres wide.  

 

It orbits aroud the Sun with a period of 6.6 

years on an elliptic orbit, between 186 million 

kilometres and 857 million kilometres from the 

Sun.  

Why study a Comet? 



Italian Contribution 

GIADA  PI A. Rotundi 

OAC +Università Pathenope 

VIRTIS PI F. Capaccioni 

IAPS-INAF 

OSIRIS CoPI C. Barbieri 

Università di Padova 

SD2 – Drill A. Ercoli Finzi 

Politecnico di Milano 



Grain Impact Analyzer and Dust Accumulator 

• GIADA is designed to measure the physical and 

dynamical properties of grains emitted by the nucleus 

• GIADA is an “event driven” instrument: continuous 

operation is required to accumulate statistically relevant 

amount of events during comet evolution 

• GIADA has to be operative during all the Rosetta 

rendezvous period at the comet 

• Measured quantities 

• Dust flux and fluence (different directions) 

• Dynamics of cometary dust 

• Single grain momentum 

• Single grain velocity 

• Dust velocity distribution 

• Single grain mass 
 



• Quartz micro-balances for dust collection (MBS) 

• Optical device for grain detection (GDS) 

• Impact sensor (IS) 

5 Micro-balances (MBS) 

GDS lasers 

Impact sensor (IS) 

Electronics 

GDS receivers 

Grain 

GIADA working principle 



VIRTIS 
Visible, InfraRed and Thermal Imaging Spectrometer 

VIRTIS is an imaging 

spectrometer and a high 

resolution spectrometer 
 

VIRTIS–M is a slit 

spectrometer; acquires 

hyperspectral  images 

with a max spatial 

resolution of 250µrad, 

using an internal scan 

mirror, in the spectral 

range 0.25-5 m 

VIRTIS –H is a high-resolution infrared spectrometer in the 2-5 

m range. It uses a prism and a grating to achieve a spectral 

resolution as high as 3000 on a matrix detector identical to the 

VIRTIS-M IR FPA. 



VIRTIS derived nucleus materials properties 

• Surface Composition: Abundance of Ices, Opaques compounds, minerals and 

Organics  (few % level in mixtures from modelling) 

• Photometric properties; Phase function, Surface roughness and Grain Size for the 

different end-members in the overall spectral range (needs phase curve coverage 

over wide range of phase angles 0° -120 °). 

• Global and High Resolution Surface distribution; of Ices, carbon-rich areas, etc. 

(global 20m, high res 5m). 

• Identification of landmarks; these are derived from composition or thermal 

properties, and comprises active (or potentially active) areas, morphological 

features, hills, scarps,  pits, craters. 

• Temperature  (min detectable T=170K-180K)  

• Thermal Properties; Thermal Inertia; thermal conductivity, porosity, surface 

roughness and grain sizes (needs observations of same area at several local 

times). 

• Coupled with MIRO data: characterise physical properties of the first 10-20cm 

layers. 

• Surface dynamics:  changes in surface composition and/or physical properties, both 

erratic (outburst) or periodic (diurnal and seasonal cycles).  



VIRTIS derived coma properties 

• Molecules column density in Coma/Jets. (Limb scan over jets; at 10km resolution 

of less than 5m) 

• Absolute column density can be retrieved where opacity is negligible; 

• Where opacity increases the  measured radiance is used to study spatial 

distribution. This will allow shorter integration times (lower SNR required). 

• CO2 detection (and possibly H2O) at distance > 3.0AU 

• Thermodynamics of the inner coma ; Rotational Temperature of H2O; 

• Ortho-H2O to Para-H2O Ratio; Formation temperature of comets. Requires long 

effective integration times (several hours), but is not spatially dependent. 

• H2O and CO2 2D Maps (from surface to 5km)  

• Minor species detection and production rate (Methane, Methanol, Formaldehyde) 

• Surface-Coma Coupling; diurnal and seasonal variations for Jets; association 

between jet variation and surface composition 

• Outburst: Compositional characteristics Vs Jets 

• Icy grains abundance Vs distance from surface; Sublimation of icy grains 

• Dust Scattering properties (needs observations at several phase angles with 

respect to the jet); grain size 

• Dust to Gas ratio 







Earth Observation VIRTIS-M 

• Fig1. VIS channel; spatial resolution of about 50 km.  RGB imaging (0.44, 0.55, 0.7μm).  

• Fig 2 VIS Channel; contrast enhanced image (0.474μm, 0.785μm, 1.0μm). 

• Fig 3 VIS Channel; contrast enhancement  of chlorophyll absorption feature. 

• Fig 4 IR Channel; B @1.20μm, G@2.25μm and R@4.92μm.  Radiation emitted from the 

night side clearly shows up in this image. The cyan spots are high altitude clouds,  while 

Oceans appears in red having a thermal emission and inertia larger than the landforms (in 

pink). 

• Fig 5. Thermal emission region at 5.0 μm; the Earth looks fairly uniform on the day and night 

side. The northern American continent (in the top-left quadrant of the image), mainly at night 

and during the winter season, appears as the coldest area of this image (in blue). 



• For about one year, until Dawn arrival at Vesta, 21 Lutetia was the 
largest asteroid observed by a S/C 

• Size of  126×103×95 km (Sierks et al., 2011) 

• Rosetta only observed northern hemisphere due to the inclination 
of only 6° from ecliptic 

• C/A distance of 3170 km 

• Fly-by speed 10Km/s 

21 Lutetia Fly-by 





Lutetia IR Spectra 

• 15 consecutive scans; total 27min 

• Lutetia rotated by ~20°  

• S/C distance 48 – 25 x103 km  

• Pixel size  12km - 6.5km 



21 Lutetia highest resolution cube 

Time 

• Comparison to a camera image 

can be misleading as the point 

of view changes continuously 

over the picture 

VIRTIS pixel sampling 2km to 0.75km at C/A 



21 Lutetia highest resolution cube 

• Comparison to a camera image 

can be misleading as the point 

of view changes continuously 

over the picture 

VIRTIS pixel sampling 2km to 0.75km at C/A 

Surface Temperature 







Surface Features 



Geologic Map and Features names 



Geologic Map and stratigraphy 



Surface age from cratering 



Surface Photometry 

• The spectrophotometry (consistent with ground based observations) does not show 

surface diversity above the data error bars. 

• The blue and UV images may however indicate a variegation of the optical properties 

of the asteroid surface on the Baetica region. 

• We also speculate on the contribution due to different illumination and to different 

ground properties (composition or grain size diversity). In particular a correlation with 

geologic units is evident, suggesting that the variegation of the ground optical 

properties is likely to be real 



What next 

• Rosetta is in hibernation but the preparatory 

activities for the operations at the comet are running 

at full speed. 

• The ESA team and P/L instruments are working 

hard (almost daily teleconferences) to converge on 

an optimum plan for the almost 2 years of 

operations at the comet. 

– February – May 2014   Commissioning 

– May – November 2014 Pre-Landing Phase (Landing site 

selection) 

– November 2014 – December 2015 Science Mission 

Phase 

– 2016 Extended Mission? 



“She was everything for 

us, she built our 

planetary community, 

she fought for us, she 

encouraged and led us.”  

 

P. Cerroni 



Backup Slides 



Enceladus as the source of material for the E Ring 


