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Porque tantas orbitas differents? Hay muchos cosas que ver….orbitas adaptadas! 



- CASSINI worked 91 s as first 
Saturn atmospheric entry probe! 
 

- 8.6 deg latitude entry point 
 

- Altitude reached: 1231 km 
above 1 bar level 

15 September 2017 
~ 5 am Pacific Time  



Credit N. Powell, Imperial College 

Cassini in the broader context… 
 



F-ring and Grand Finale Orbits 
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Quick retrospective on the mission milestones and where we are now – Solstice!Why we have to end the mission – how it will end





• TITAN EXPLORATION HIGHLIGTS 
 

• ICY MOONS AND RINGS 
 
• THE MYSTERIES BEHIND THE SCIENCE 

OF THE GRAND FINALE 
 
 
 





TITAN: Cassini-Huygens has lifted the ‘veil’  



How Cassini-Huygens lifted Titan’s veil :  
Huygens, first lander on an outer-planet moon 

Presenter
Presentation Notes
been the subject of considerable speculation and discussion1. The Huygens probe entered Titan’s atmosphere on 14 January 2005 and descended to the surface using a parachute system2. Here we report measurements made just above and on the surface of Titan by the Huygens Surface Science Package3,4. Acoustic sounding over the last 90 m above the surface reveals a relatively smooth, but not completely flat, surface surrounding the landing site. Penetrometry and accelerometry measurements during the probe impact event reveal that the surface was neither hard (like solid ice) nor very compressible (like a blanket of fluffy aerosol); rather, the Huygens probe landed on a relatively soft solid surface whose properties are analogous to wet clay, lightly packed snow and wet or dry sand. The probe settled gradually by a few millimetres after landing.This natural color composite was taken during the Cassini spacecraft's April 16, 2005, flyby of Titan. It is a combination of images taken through three filters that are sensitive to red, green and violet light.It shows approximately what Titan would look like to the human eye: a hazy orange globe surrounded by a tenuous, bluish haze. The orange color is due to the hydrocarbon particles which make up Titan's atmospheric haze. This obscuring haze was particularly frustrating for planetary scientists following the NASA Voyager mission encounters in 1980-81. Fortunately, Cassini is able to pierce Titan's veil at infrared wavelengths (see PIA06228).North on Titan is up and tilted 30 degrees to the right.The images to create this composite were taken with the Cassini spacecraft wide angle camera on April 16, 2005, at distances ranging from approximately 173,000 to 168,200 kilometers (107,500 to 104,500 miles) from Titan and from a Sun-Titan-spacecraft, or phase, angle of 56 degrees. Resolution in the images is approximately 10 kilometers per pixel.



Atmospheric seasonal variations 
 

ESA/C. Carreau 
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Presentation Notes
Falling northern haze pictures May 2006 left, April 2010 rightSince Cassini arrived in the Saturn system in 2004, Titan has had a visible "hood" high above the north pole (see Haze Layers on Titan). It was northern winter at Cassini's arrival, and much of the high northern latitudes were in darkness. But the hood, an area of denser, high altitude haze compared to the rest of the moon's atmosphere, was high enough to still be illuminated by sunlight. The seasons have been changing since Saturn's August 2009 equinox signaled the beginning of spring in the northern hemisphere and fall in the southern hemisphere for the planet and its many moons. Now the high southern latitudes are moving into darkness. The formation of the vortex at Titan's south pole may be related to the coming southern winter and the start of what will be a south polar hood.



Witnessing a season change… 

Large cloud/vortex at South Pole 

Presenter
Presentation Notes
This true color image captured by NASA'S Cassini spacecraft before a distant flyby of Saturn's moon Titan on June 27, 2012, shows a south polar vortex, or a swirling mass of gas around the pole in the atmosphere of the moon.The south pole of Titan (3,200 miles, or 5,150 kilometers, across) is near the center of the view.	photographed the polar vortex — or mass of swirling gas — during a flyby of Titan on June 27. The vortex appears to complete one full rotation in nine hours, while it takes Titan about 16 days to spin once around its axis."The structure inside the vortex is reminiscent of the open cellular convection that is often seen over Earth's oceans,	Cloud is about 300 km altitude, where temperature (inferred from CIRS profile) should not allow for gas condensation.Was discovered that cloud made of condensed HCN implying a dramatic cooling associated with this polar vortex.Post equinox cooling much more efficient than predicted by global circulation models



Complex atmospheric organic chemistry 
Nitrogen (~98%), Methane(~2%) 

Presenter
Presentation Notes
Detection of very heavy negative ions detected by Cassini – Precursors of aerosols! At about 900 km altitudeInsist on the fact that the methane gets destroyed in this process. CH4 will undergo photolysis process at the altitude of organic haze layer, leaving ethane (C2H6) behind. In Titan, where the CH4 mixing ratio is large, the limiting factor for ultraviolet photolysis is the availability of photons, and shielding by the photochemically produced haze is limited. Additional loss of methane occurs owing to the impact of charged particles in the ionosphere. Hydrogen is removed from CH4, and escapes to space. The remaining fragments form higher-order hydrocarbons (ethane, acetylene, propane, polyynes, benzene, and so on) and nitriles. The process is irreversible because of the escape of the H2 and the formation of more complex molecules polymerize which subsequently condense into aerosols and fall to the surface.  If this has been going for a long time, where are the methane reservoir ?This illustration shows the various steps that lead to the formation of the aerosols that make up the haze on Titan, Saturn's largest moon.When sunlight or highly energetic particles from Saturn's magnetosphere hit the layers of Titan's atmosphere above 1000 km, the nitrogen and methane molecules there are broken up. This results in the formation of massive positive ions and electrons, which trigger a chain of chemical reactions that produce a variety of hydrocarbons. Many of these hydrocarbons have been detected in Titan's atmosphere, including Polycyclic Aromatic Hydrocarbons (PAHs), which are large carbon-based molecules that form from the aggregation of smaller hydrocarbons. Some of the PAHs detected in the atmosphere of Titan also contain nitrogen atomsPAHs are the first step in a sequence of increasingly larger compounds. Models show how PAHs can coagulate and form large aggregates, which tend to sink, due to their greater weight, into the lower atmospheric layers. The higher densities in Titan's lower atmosphere favour the further growth of these large conglomerates of atoms and molecules. These reactions eventually lead to the production of carbon-based aerosols, large aggregates of atoms and molecules that are found in the lower layers of the haze that enshrouds Titan, well below 500 km. 



Titan’s lakes and ‘hydrological’ 
cycle   

Presenter
Presentation Notes
Titan in False Color, haze clears in north polar region with approaching summerSpecular reflection from one of the seas on Titan, methane and ethane hydrocarbonsPIA 06139767.3 kB



North Pole 
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Presentation Notes
Ligeia Mare: top right of pole (about size of lac superior US)Punga: closest to polaKraken: big lake bottom right



Ligeia Mare 

First Ever Probing Depth of Titan Sea 
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Marco Mastrogiuseppe et al., 2014Dark red is lake surface, light red is lake bottom from Cassini radar data. Liquid in the lakes is very pureLigea Mare alone:  40x oil reserves on Earth,   all of the seas:  >100x oil and gas reservesMostly methane with few other componentsMaximum depth: 520 to 560 feet (160 to 170 meters)Similar to average depth of Lake Michigan



T29 SAR 
Apr. 26, 2007 
Θinc = 19O 

T92 SAR 
July 10, 2013 
Θinc = 6O 

T104 SAR 
Aug. 21, 2014 
Θinc = 11O 

T93 VIMS 
July 26, 2013 
λ = 2.03 µm 
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Radar data from August 2014 flyby show that a strange, island-like feature. first spotted during a July 2013 flyby is again present in Ligeia Mare.  However, its appearance has changed.The feature could be surface waves, rising bubbles, floating solids, solids that are suspended just below the surface, or something even more mysterious.



Evaporation process during Northern Spring –  
Observations during the Solstice Mission 

Presenter
Presentation Notes
This false-color mosaic, made from infrared data collected by NASA's Cassini spacecraft, reveals the differences in the composition of surface materials around hydrocarbon lakes at Titan, Saturn's largest moon. Titan is the only other place in the solar system that we know has stable liquid on its surface, though its lakes are made of liquid ethane and methane rather than liquid water. While there is one large lake and a few smaller ones near Titan's south pole, almost all of Titan's lakes appear near the moon's north pole. Scientists mapped near-infrared colors onto the visible color spectrum. Red in this image was assigned a wavelength of 5 microns (10 times longer than visible light), green 2.0 microns (four times longer than visible light), and blue 1.3 microns (2.6 times longer than visible light). The orange areas are thought to be evaporite -- the Titan equivalent of salt flats on Earth. The evaporated material is thought to be organic chemicals originally from Titan's haze particles that once dissolved in liquid methane. They appear orange in this image against the greenish backdrop of Titan's typical bedrock of water ice. In this mosaic, Kraken Mare, which is Titan's largest sea and covers about the same area as Earth's Caspian Sea and Lake Superior combined, can be seen spreading out with many tendrils on the upper right,. The big dark zone up and left of Kraken is Ligeia Mare, the second largest sea. Below Ligeia, shaped similar to a sports fan's foam finger that points just up from left, is Punga Mare, the third Titan Sea. Numerous other smaller lakes dot the area. Titan's north pole is located in the geographic location just above the end of the "finger" of Punga Mare. An annotated version of this image, with a high-resolution strip highlighted, is also available. In this version, the north pole is marked with a red cross and other smaller lakes are also labeled. The data shown here were obtained by Cassini's visual and infrared mapping spectrometer during a close flyby of Titan on Sept. 12, 2013. Until now, the spectrometer has only been able to capture distant, oblique or partial views of this area until now. The Sept. 12, 2013 flyby provided better viewing geometry. And sunlight has begun to pierce the winter darkness that shrouded Titan's north pole at Cassini's arrival in the Saturn system nine years ago. A thick cap of haze that once hung over the north pole has also dissipated as northern summer approaches. And, thankfully, Titan's beautiful, almost cloudless, rain-free weather continued during this flyby. The resolution varies across this composite view depending on when each cube of data was acquired, but the best surface sampling is 2 miles (3 kilometers) per pixel. 



Methane rainfalls at equator 

Huygens 
GCMS 



Source of methane: Ice Volcanoes ?  

Presenter
Presentation Notes
12,5° S • 39,8° WLe centre de Sotra Facula est occupé par un massif montagneux circulaire d'environ 65 km de diamètre à la topographie très irrégulière marquée par deux pics d'environ 1 000 m et 1 500 m d'altitude respectivement, à côté de cratères dont le plus creux aurait une profondeur d'environ 1 500 m. Des coulées sont visibles tout autour du massif, avec une épaisseur de peut-être 100 m.On ignore précisément la nature des laves qui pourraient avoir été émises par d'éventuelles éruptions. Il pourrait s'agir de mélanges d'eau et d'ammoniac, voire des composés hydrocarbonés plus exotiques dans ce contexte tels que du polyéthylène, des paraffines, voire de l'asphalte, et pourrait notamment contenir du méthane, ce qui expliquerait la présence de cette molécule dans l'atmosphère de Titan, où elle est rapidement détruite par les radiations solaires5.



Stability of methane clathrate 
under TITAN sub-surface 
conditions – possible mechanism 
for methane outgassing ?  

Presenter
Presentation Notes
Cycle of methane on Titan – reservoir could be chladrahte, with ethane taking the place of methane (forms cladhrtate better than methane) – Methane destroyed, part of it returning to surface river-lakes.See Choukroun et al. 2009 Icarus Stability of methane clathrate hydrates under pressure: Influence on outgassing processes of methane on Titan 





Icy Moons 

‘CLASSICAL 
MOONS’ 



Methone ‘MINOR MOONS’ ‘MINOR 
MOONS’ 



‘RING MOONS’ 

Presenter
Presentation Notes
Imagen tomada en 2009 cuando el sol estaba en el borde de los anillos, muestra la luz del solEl ‘Gap de Keeler’ (“Hueco/brecha de Keeler”), mantenido abiero por la pequeña luna Daphnis, a lo largo de 5 millas (8 km) Ondas de 4 km de altura en el otro lado del hueco, ondas creadas por la pequeña DaphnisLa luna Daphnis tiene una órbita inclinada, y su fuerza gravitacional perturba las orbitas de las partículas del anillo A formando el borde del “Hueco de Keeler” y esculpe el borde en ondas teniendo ambos componentes:  radial y fuera-del-plano. Imagenes de antes del equinocio mostraron ondas de hasta 1.5 kilómetros, basadas en las sombras creadas por las ondas.Where does this spectacular equatorial ridge come from? Probably from the very ring that Pan orbits within!According to researchers, as Pan formed along with Saturn's rings, the moon took on its roughly spherical core shape. After the rings flattened out, and the moon began the process of carving out the Encke Gap, it's distance from Saturn was right at the point where the tidal forces from the planet and its rings nearly balanced the pull of Pan's gravity on the ring particles that were around it.So, as Pan continued to accumulate material from the ring, these tidal forces caused the fresh material to "pile up" along its equator, rather than flattening out, so that it formed into a towering, kilometres-thick ridge.Tiny Pan is the second-closest of Saturn's known moons. It measuring about 35 kilometres across its equator and 23 kilometres from pole to pole, and it circles Saturn inside a 325-km-wide gap - known as the Encke Gap - that it carved out of the planet's A-ring.Las sombras en esta imagen del equinocio tienen longitudes de hasta 500 kilómetros, implicando que las estructuras que crean las sombras alcanzan alturas de casi 4 kilómetros sobre el plano del anillo.La explicación más plausible para estas espectaculares nuevas alturas es la posibilidad de que Daphnis pueda acercarse al borde del hueco interno, y pueda hacer allí una perturbación incluso mayor de lo que se creía anteriormente.



Hyperion 
 

Phoebe 
 
 

‘IRREGULAR MOONS’ 

Presenter
Presentation Notes
Hyperion,  165 miles across    September 26, 2005This stunning false-color view of Saturn's moon Hyperion reveals crisp details across the strange, tumbling moon's surface. Differences in color could represent differences in the composition of surface materials. The view was obtained during Cassini's close flyby on Sept. 26, 2005.Hyperion has a notably reddish tint when viewed in natural color. The red color was toned down in this false-color view, and the other hues were enhanced, in order to make more subtle color variations across Hyperion's surface more apparent.Images taken using infrared, green and ultraviolet spectral filters were combined to create this view. The images were taken with the Cassini spacecraft's narrow-angle camera at a distance of approximately 62,000 kilometers (38,500 miles) from Hyperion and at a Sun-Hyperion-spacecraft, or phase, angle of 52 degrees. The image scale is 362 meters (1,200 feet) per pixel. This high-resolution Cassini mosaic shows that Hyperion truly has a surface different from any other in the Saturn system.The mosaic is composed of five clear filter images taken during Cassini's close flyby of Hyperion on Sept. 26, 2005. The spacecraft passed approximately 500 kilometers (310 miles) above the moon's surface. Hyperion is 266 kilometers (165 miles) in diameter.Scientists are extremely curious to learn what the dark material is that fills many craters on this oddball moon. Features within the dark terrain, including a 200-meter-wide (650-foot) impact crater surrounded by rays to the right of center and numerous bright-rimmed craters, indicate that the dark material may be only tens of meters (hundreds of feet) thick with brighter material beneath.Scientists will also be examining Cassini's sharp views to try to determine whether there have been multiple episodes of landslides on Hyperion. Such "downslope" movement is evident in the filling of craters with debris and the near elimination of many craters along the steeper slopes. Answers to these questions may help solve the mystery of why this object has evolved different surface forms from other moons of Saturn.The images comprising this mosaic were taken with the Cassini spacecraft narrow-angle camera at distances ranging from approximately 8,500 kilometers (5,300 miles) to 4,600 kilometers (2,900 miles) from Hyperion. Image scale is 26 meters (85 feet) per pixel. The Cassini-Huygens mission is a cooperative project of NASA, the European Space Agency and the Italian Space Agency. The Jet Propulsion Laboratory, a division of the California Institute of Technology in Pasadena, manages the mission for NASA's Science Mission Directorate, Washington, D.C. The Cassini orbiter and its two onboard cameras were designed, developed and assembled at JPL. The imaging operations center is based at the Space Science Institute in Boulder, Colo. 270±8  km    168 mi  150 x 200 mi(360 × 266 × 205)This stunning false-color view of Saturn's moon Hyperion reveals crisp details across the strange, tumbling moon's surface. Differences in color could represent differences in the composition of surface materials. The view was obtained during Cassini's very close flyby on Sept. 26, 2005.Hyperion has a notably reddish tint when viewed in natural color. The red color was toned down in this false-color view, and the other hues were enhanced, in order to make more subtle color variations across Hyperion's surface more apparent.Cassini scientists think that Hyperion's unusual appearance can be attributed to the fact that it has an unusually low density for such a large object, giving it weak surface gravity and high porosity. These characteristics help preserve the original shapes of Hyperion's craters by limiting the amount of impact ejecta coating the moon's surface. Impactors tend to make craters by compressing the surface material, rather than blasting it out. Further, Hyperion's weak gravity, and correspondingly low escape velocity, means that what little ejecta is produced has a good chance of escaping the moon altogether.Images taken using infrared, green and ultraviolet spectral filters were combined to create this view. The images were taken with the narrow-angle camera at a distance of approximately 62,000 kilometers (38,500 miles) from Hyperion and at a sun-Hyperion-spacecraft, or phase, angle of 52 degrees. The image scale is 362 meters (1,200 feet) per pixel.



 
The moons are NOT 
isolated, closed systems 
 Examples of 
magnetospheric interactions 



ICY MOONS, SATURN AND RINGS ALSO INTERACT 
DYNAMICALLY  

• Creation of waves and gaps in the 
rings 
 

• Saturn’s and rings rotational energy is 
transferred via tidal torques to the 
moons in the form of orbital energy 
(moons’ orbits expand) and heat 
(internal friction) 



Highest spatial resolution obtained during the 
F Ring Orbits – Summer 2017 

IN FACT, MANY OF THE ICY MOONS 
MAY BE BORN FROM THE RINGS… 

RING VISCOUS 
SPREADING 
MEETS ROCHE 
DISTANCE   
RING LOOSES 
MATERIAL 
FORMATION OF 
MOONS 
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Presentation Notes
Observing the same propeller on both the lit and unlit sides allows scientists to gather richer information about how the moonlet affects the ring. For example, in the unlit-side view, the broad, dark band through the middle of the propeller seems to be a combination of both empty and opaque regions. The propeller's central moonlet would only be a couple of pixels across in these images, and may not actually be resolved here. The lit-side image shows that a bright, narrow band of material connects the moonlet directly to the larger ring, in agreement with dynamical models. That same thin band of material may also be obscuring the moonlet from view.the lit-side image has a scale of 0.33 mile (530 meters) per pixel in the radial (or outward from Saturn) direction and 0.44 mile (710 meters) per pixel in the azimuthal (or around Saturn) direction. The different scales are the result of Cassini's vantage point being off to the side of the propeller, rather than directly above it. The unlit-side image has a scale of 0.25 (410 meters) per pixel in both directions.



Charnoz et al. 2010 

RINGS AND ICY MOONS (UP TO RHEA )– MAY BE GENETICALLY LINKED- 
MOONS THEN MIGRATE OUTWARD AND CONFINE THE RING WITHIN ITS ROCHE 
LIMIT 



  H2O    91 ± 3 % wt.  
   CO2      3.2 ± 0.6 % wt.  
   N2      4 ± 1 % wt.* 
   CH4      1.6 ± 0.4 % wt. 
   CO       < 0.9 % wt 
   NH3, HCN, C2H2, C3H8 < 0.5 % wt. (i.e., detected) 
 

+ Nano-silicates + H2 
      

Tital energy transfer from Saturn 
fuels Enceladus activity  



Hydrothermal activity at the Ocean-
Core interface of ENCELADUS 
potentially on-going for billions of 
years… 

Choblet et al, 2017 
(Porous) core dissipation simulated for the first 
time 
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Presentation Notes
Enough heat to power hydrothermal activity inside Saturn’s ocean moon Enceladus for billions of years could be generated through tidal friction if the moon has a highly porous core, a new study finds, working in favour of the moon as a potentially habitable world. A paper published in Nature Astronomy today presents the first concept that explains the key characteristics of 500 km-diameter Enceladus as observed by the international Cassini spacecraft over the course of its mission, which concluded in September.This includes a global salty ocean below an ice shell with an average thickness of 20–25 km, thinning to just 1–5 km over the south polar region. There, jets of water vapour and icy grains are launched through fissures in the ice. The composition of the ejected material measured by Cassini included salts and silica dust, suggesting they form through hot water – at least 90ºC – interacting with rock in the porous core. These observations require a huge source of heat, about 100 times more than is expected to be generated by the natural decay of radioactive elements in rocks in its core, as well as a means of focusing activity at the south pole.The tidal effect from Saturn is thought to be at the origin of the eruptions deforming the icy shell by push-pull motions as the moon follows an elliptical path around the giant planet. But the energy produced by tidal friction in the ice, by itself, would be too weak to counterbalance the heat loss seen from the ocean – the globe would freeze within 30 million years.Enceladus plumesAs Cassini has shown, the moon is clearly still extremely active, suggesting something else is happening.“Where Enceladus gets the sustained power to remain active has always been a bit of mystery, but we've now considered in greater detail how the structure and composition of the moon's rocky core could play a key role in generating the necessary energy,” says lead author Gaël Choblet from the University of Nantes in France.In the new simulations the core is made of unconsolidated, easily deformable, porous rock that water can easily permeate. As such, cool liquid water from the ocean can seep into the core and gradually heat up through tidal friction between sliding rock fragments, as it gets deeper.Water circulates in the core and then rises because it is hotter than the surroundings. This process ultimately transfers heat to the base of the ocean in narrow plumes where it interacts strongly with the rocks. At the seafloor, these plumes vent into the cooler ocean.One seafloor hotspot alone is predicted to release as much as 5 GW of energy, roughly corresponding to the annual geothermal power consumed in Iceland.Such seafloor hotspots generate ocean plumes rising at a few centimetres per second. Not only do the plumes result in strong melting of the ice crust above, but they can also carry small particles from the seafloor, over weeks to months, which are then released into space by the icy jets.Last Enceladus plume observationMoreover, the authors’ computer models show that most water should be expelled from the moon’s polar regions, with a runaway process leading to hot spots in localised areas, and thus a thinner ice shell directly above, consistent with what was inferred from Cassini.“Our simulations can simultaneously explain the existence of an ocean at a global scale due to large-scale heat transport between the deep interior and the ice shell, and the concentration of activity in a relatively narrow region around the south pole, thus explaining the main features observed by Cassini,” says co-author Gabriel Tobie, also from the University of Nantes.The scientists say that the efficient rock–water interactions in a porous core massaged by tidal friction could generate up to 30 GW of heat over tens of millions to billions of years.“Future missions capable of analysing the organic molecules in the Enceladus plume with a higher accuracy than Cassini would be able to tell us if sustained hydrothermal conditions could have allowed life to emerge,” says Nicolas Altobelli, ESA’s Cassini project scientist.A future mission equipped with ice-penetrating radar would also be able to constrain the ice thickness, and additional flybys – or an orbiting craft – would improve models of the interior, further verifying the presence of active hydrothermal plumes.“We’ll be flying next-generation instruments, including ground-penetrating radar, to Jupiter’s ocean moons in the next decade with ESA’s Juice mission, which is specifically tasked with trying to understand the potential habitability of ocean worlds in the outer Solar System,” adds Nicolas.



The Science of the  
Grand Finale Mission  

RINGS AND UPPER ATMOSPHERE 
 
SATURN’s INTERIOR, AND MAGNETIC FIELD  

Presenter
Presentation Notes
What is going to happen this week…May 31 –start of rev 7 Crossing June 4 with HGA antenna Half way between Saturn 1 bar level and innermost edge of D ring 



A 

B 

C 

D 

What is the mass of the ring ?  

What is the ring composition  ?  

Is the ring material flowing into Saturn’s atmosphere? 

How did the ring form ?  



Probing Saturn’s Interior:  Winds and 
Internal Rotation Rate 

34 

Determine magnetic 
field moments to: 
 

• Get Saturn’s 
internal rotation 
rate from tilt of 
the magnetic field  
 

• determine how 
deep the magnetic 
dynamo region 
lies 

 

SATURN GRAND FINALE OBJECTIVES (MAG)  



Probing Saturn’s Interior:  Rocky Core 
Size and Deep Winds 

35 

 
• Determine gravity 

field moments (up to 
J10) to: 
• estimate size of 

Saturn’s rocky 
core (the seed 
that  attracted all 
the gas as Saturn 
was forming) 

• measure the 
depth of Saturn’s 
winds 

• Ring Mass 
 
 

 

SATURN GRAND FINALE OBJECTIVES 
(RADIO SCIENCE GRAVITY)  

DSS 26 
Goldstone, California 

Presenter
Presentation Notes
Malargue antenna as support of Goldstone



THE PROBLEM WITH SATURN’s PERIOD OF ROTATION AND 
MAGNETIC FIELD 



Saturn’s Kilometric Radio Emission… 

Presenter
Presentation Notes
Click to activate moving graphics, sweeping bar across plot, and synchronized audio:  Cassini Plasma Wave Sounds(credit: Don Gurnett, Cassini RPWS, University of Iowa)



38 

…not a good proxy to infer Saturn’s interior rotation! 



NEW RESULTS from Grand Finale Orbits 

• The magnetic B field appears still perfectly aligned with the rotation axis 
(within 0.06 deg)  We still cannot determine Saturn’s interior rotation 
rate 

 
• The inner core mass of Saturn was measured to be 15 Earth masses  

 
• The interior of Saturn appears to be made of multiple layers with different 

rotation rates, extending deeper than expected 
 



THE PROBLEM WITH THE RING AGE , ITS MASS AND 
COMPOSITION 



RING EVOLUTION… 
Non-elastic collisions remove orbital energy but conserve angular momentum  
 
 Precursor debris ‘cloud’ flattens and spreads toward lowest energy level 

 
 Spreading time and initial mass are linked – the current mass was UNKNOWN 

(before Grand Finale) 
 
 Erosion + pollution by micro-meteoroids – the current flux was UNKNOWN (before 

Cassini) 

Charnoz, private comm. 

Mlimit  =  1.03 1019  KG 
 
            ~  1/4 of Mimas mass 
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Collision continues within the disk plane due to differential keplerian rotation speedCollision rate (and hence spreading) is of the order of the optical depth[B ring: collision every few minutes]A ring would ‘dilute’ within less than 1 billion year…Dense here means ‘where collisions are frequent enough’Physical drivers in dense rings: keplerian shear and collisionsKeplerian shear  orbital angular velocity decreases with distance		Ω(r) ~ r^(-3/2)Inelastic Collisions: angular momentum conserved but orbital energy decreasesL(r) ~ r^(-3), E ~ 1/rEnergie orbitale narrow ringlet > spreaded ring with same angular momentum   angular momentum radial transfer  rings spread ‘viscous spreading’Inelastic Collisions remove orbital energy



UV 

IR thermique 

RING COMPOSITION  
 
(Before Grand Finale) –Rings 
appeared to be made of nearly 
pure water ice… 

Presenter
Presentation Notes
En esta imagen simulada de los anillos de Saturno, usamos los distintos coleres para representar los distintos tamaños de partículas de las diferentes regiones, basados en la atenuaciomes medidas en la señal de radio enviada por la onda Cassini a la Tierra atraves de los anillos de Saturno.Las sombras en color púrpura, principalmente sobre la mayoría del anillo del medio, el anillo B, y la parte interna del anillo externo, el anillo A, indica regiones que hay pocas partículas de menos de 5 centímetros de diámetro. Las sombras en verde y en azul indica las regiones donde hay partículas de tamaños menores de 5 centímetros y de 1 centímetro), respectivamente, primeramente en el anillo exterior A y dentro de la mayoría del anillo, anillo C. El ancha banda saturada de blanco cerca del centro del anillo B es la región más densa de los anillos. A partir de las evidencias que proporcionan las observaciones en radio, todas las regiones del anillo pareceren estar pobladas por una distribución de un amplio rango de tamaños de partículas que se extienden a lo largo de varios metros.UV (Ultravioleta): El espectro ultravioleta nos permite medir la composición de los anillos. El color turquesa representa mas agua helada en los anillos. El color rojo representa el área más transparente (opticamente delgado) de los anillos. El anillo A comienza con un interior “sucio” de color rojo seguido por un patrón general más aturquesado (color turquesa) alejándose del planeta, lo que nos indica que el material tiene una mayor componente de hielo (el material está hecho con más hielo). 



 
  

 So, possible old ring scenario ?  
(Canup, Nature, 2010) 
 
 

Canup, 2010 

Problem with old ring scenario: rings should get darkened/eroded by 
micro-meteoroids  

Presenter
Presentation Notes
Robin Canup's model for forming Saturn's rings. A massive satellite, differentiated into a rocky core and icy mantle, is forced inward by gas drag. Once inside the Roche limit, tidal forces disrupt the mantle (much of which remains in orbit) but not the core (which falls into Saturn).NatureCanup et al – up to 1000x more massive ring than today, as old as Saturn, from tital disruption of differentiated satellite CAUTION: tital disruption alone not enough, need impact onto ring precursor body when within the Roche zone  LHB bombardemnt would provide high probability for thatAppealing scenario, explains composition, amount of silicates vs ice ? Silicate chunks have Roche zone closer to planet, tend to aggregate ice form moonlet and mve outward, explain silicate irch moons vs silicate poor rings?



NEW RESULTS including Grand Finale Orbits 
• The mass of the ring was found to be 

about ¼ Mimas mass 
 
• The ring composition shows a 

significant silicate fraction 
(Passive radar data and in-situ sampling)  
 
• The current micro-meteoroid flux 

erodes the rings within a short 
timescale preventing the old ring 
scenario 
 

• Methane found in the upper 
atmosphere of Saturn, originating from 
the ring! 
 

 All new data are consistent with 
young ring scenario (captured 
massive body, tidal break-up)  



QUESTIONS ?  

Presenter
Presentation Notes
Layers of NH3 clouds form at ~ 1 bar level
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