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22 Grand Finale Passes
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Grand Finale and Ring-Grazing orbit geometries

Presenter
Presentation Notes
The last year of the mission included the Grand Finale orbits shown in blue, as well as a set of 20 Ring-Grazing orbits where Cassini’s periapse was pulled in close to Saturn’s F ring.  These 7-day orbits provided some of the best views ever of Saturn’s F ring, as well as A and B rings.



Janus 2:1 DW
100 km

Between glitches:  4yr of wave propagation

Matt Tiscareno

C CDB AJanus 2:1 Spiral Density Wave

Presenter
Presentation Notes
September 6, 2017   Janus (179 kilometers, or 111 miles across) and Epimetheus (113 kilometers, or 70 miles across). This view from NASA's Cassini spacecraft shows a wave structure in Saturn's rings known as the Janus 2:1 spiral density wave. Resulting from the same process that creates spiral galaxies, spiral density waves in Saturn’s rings are much more tightly wound. In this case, every second wave crest is actually the same spiral arm which has encircled the entire planet multiple times.This is the only major density wave visible in Saturn's B ring. Most of the B ring is characterized by structures that dominate the areas where density waves might otherwise occur, but this innermost portion of the B ring is different.The radius from Saturn at which the wave originates (toward lower-right in this image) is 59,796 miles (96,233 kilometers) from the planet. At this location, ring particles orbit Saturn twice for every time the moon Janus orbits once, creating an orbital resonance. The wave propagates outward from the resonance (and away from Saturn), toward upper-left in this view. For reasons researchers do not entirely understand, damping of waves by larger ring structures is very weak at this location, so this wave is seen ringing for hundreds of bright wave crests, unlike density waves in Saturn's A ring. The image gives the illusion that the ring plane is tilted away from the camera toward upper-left, but this is not the case. Because of the mechanics of how this kind of wave propagates, the wavelength decreases with distance from the resonance. Thus, the upper-left of the image is just as close to the camera as the lower-right, while the wavelength of the density wave is simply shorter. This wave is remarkable because Janus, the moon that generates it, is in a strange orbital configuration. Janus and Epimetheus (see "Cruising Past Janus") share practically the same orbit and trade places every four years. Every time one of those orbit swaps takes place, the ring at this location responds, spawning a new crest in the wave. The distance between any pair of crests corresponds to four years’ worth of the wave propagating downstream from the resonance, which means the wave seen here encodes many decades’ worth of the orbital history of Janus and Epimetheus. According to this interpretation, the part of the wave at the very upper-left of this image corresponds to the positions of Janus and Epimetheus around the time of the Voyager flybys in 1980 and 1981, which is the time at which Janus and Epimetheus were first proven to be two distinct objects (they were first observed in 1966). Epimetheus also generates waves at this location, but they are swamped by the waves from Janus, since Janus is the larger of the two moons. This image was taken on June 4, 2017, with the Cassini spacecraft narrow-angle camera. The image was acquired on the sunlit side of the rings from a distance of 47,000 miles (76,000 kilometers) away from the area pictured. The image scale is 1,730 feet (530 meters) per pixel. The phase angle, or sun-ring-spacecraft angle, is 90 degrees.The Cassini mission is a cooperative project of NASA, ESA (the European Space Agency) and the Italian Space Agency. The Jet Propulsion Laboratory, a division of Caltech in Pasadena, manages the mission for NASA's Science Mission Directorate, Washington. 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, Colorado.277/HRRADSCNL



Cassini Views ‘Propellers’ Closer Than Ever

Propellers in the A ring

Earhart

Santos-Dumont
(Sunlit side)

Santos-Dumont
(Unlit side)

Blériot

Presenter
Presentation Notes
Cassini‘s Ring Grazing orbits bring the spacecraft close enough to the A ring to see fine structure.  ‘Propeller’ structures, named after famous aviators, are caused by embedded moonlets at their centers, and have much in common with baby planets embedded in protoplanetary disks.  Observing propeller structures on both the lit and unlit sides of the rings yields information on density, particle size, and physical effects on the surrounding ring material.



Pan

Daphnis

Atlas
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Presentation Notes
Only discovered by a spacecraftPan:  1990  Mark Showalter Daphnis:  May 6, 2005, CassiniAtlas:  1980 Rich TerrileCassini has discovered 6 moons total, 5 more after Daphnis



150 m/pixel (500 feet/pixel)

Pan

Presenter
Presentation Notes
20 miles by 13 milesMark Showalter discovery, Voyager data, 1990 (decade after the Saturn flyby)Cassini‘s best close-up of the ring moon Pan was taken on March 7, 2017. Its average size is 17.6 miles (28 kilometers) across and is embedded in the 200 mile (325 kilometer) wide Encke Gap in the A ring.  Additional images of Pan and rings make for a wonderful Pan-oramaPan, like Saturn's moon Atlas, has a prominent equatorial ridge that gives the small moon a distinctive flying saucer shape.Impact craters are visible on both the main body of Pan and its dramatic ridge.Image scale is about 500 feet (150 meters) per pixel.This might be an orientation that helps for interpretation. For example, there is a landslide at the upper left side (~10'o'clock position) of Pan. This view shows that it moved from the bulge *down* to the "main body"/"core" of Pan. Really intriguing (besides many other things) is that the bulge has such a sharp, sudden boundary, often without any hint of downward moving material and under ignorance of any knowledge of "angles of repose". Very low gravity, obviously. Imagine you would stand there -- would the bulge appear as a vertical wall? Maybe the "slit" visible on the side of parts of the bulge is the remnant from material that moved towards the "core"?
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Daphnis

Presenter
Presentation Notes
Cassini Discovery May 2005 (5 mi, 8 km across)Little moon’s gravity raises waves along the edge of the ringsDaphnis, one of Saturn's ring-embedded moons, is featured in this view, kicking up waves as it orbits within the Keeler gap. The mosaic combines several images to show more waves in the gap edges than seen in a previously released image, Daphnis Up Close .Daphnis is a small moon at 5 miles (8 kilometers) across, but its gravity is powerful enough to disrupt the tiny particles of the A ring that form the Keeler gap's edge. As the moon moves through the Keeler gap, wave-like features are created in both the horizontal and vertical plane.  For more about these vertical structures see Rippling Shadows and Sawtooth Shadows .Images like this provide scientists with a close-up view of the complicated interactions between a moon and the rings, as well as the interactions between the ring particles themselves, in the wake of the moon’s passage. Three wave crests of diminishing sizes trail Daphnis here. In each subsequent crest, the shape of the wave evolves, as the ring particles within the crests collide with one another.Close examination of Daphnis’ immediate vicinity also reveals a faint, thin strand of ring material that almost appears to have been directly ripped out of the A ring by Daphnis. The images in this mosaic were taken in visible light, using the Cassini spacecraft narrow-angle camera at a distance of approximately 17,000 miles (28,000 kilometers) from Daphnis and at a Sun-Daphnis-spacecraft, or phase, angle of 71 degrees. Image scale is 551 feet (168 meters) per pixel.Daphnis Jan 16 2017—this is an amateur processed image (credit to Ian Regan).  Note the tendril!Cassini‘s best close-up of the ring moon Daphnis was taken on January 16, 2017. Its average size is (8 kilometers) 5 miles across and is embedded in the (42 kilometer) 26 mile wide Keeler Gap in the A ring.A  narrow ridge around its equator and a fairly smooth mantle of material on its surface is likely an accumulation of fine ring particles.  A few craters are obvious at this resolution.  An additional runs parallel to the equatorial band.The little moon's gravity raises waves in the edges of the gap in both the horizontal and vertical directions.  A faint, narrow tendril of ring material follows just behind Daphnis (to its left). This may have resulted from a moment when Daphnis drew a packet of material out of the ring, and now that packet is spreading itself out. Image scale is 551 feet (168 meters) per pixel.



Daphnis

168 m/pixel (551 feet/pixel)
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Presentation Notes
The little moon's gravity raises waves in the edges of the gap in both the horizontal and vertical directions.  A faint, narrow tendril of ring material follows just behind Daphnis (to its left). This may have resulted from a moment when Daphnis drew a packet of material out of the ring, and now that packet is spreading itself out. Image scale is 551 feet (168 meters) per pixel.Tiny Daphnis Distorts Edge of Keeler GapDaphnis, one of Saturn's ring-embedded moons, is featured in this view, kicking up waves as it orbits within the Keeler gap. The mosaic combines several images to show more waves in the gap edges than seen in a previously released image, PIA21056.Daphnis is a small moon at 5 miles (8 kilometers) across, but its gravity is powerful enough to disrupt the tiny particles of the A ring that form the Keeler gap's edge. As the moon moves through the Keeler gap, wave-like features are created in both the horizontal and vertical plane. For more about these vertical structures see PIA11654 and PIA11547.Images like this provide scientists with a close-up view of the complicated interactions between a moon and the rings, as well as the interactions between the ring particles themselves, in the wake of the moon's passage. Three wave crests of diminishing sizes trail Daphnis here. In each subsequent crest, the shape of the wave evolves, as the ring particles within the crests collide with one another. Close examination of Daphnis' immediate vicinity also reveals a faint, thin strand of ring material that almost appears to have been directly ripped out of the A ring by Daphnis. The images in this mosaic were taken in visible light, using the Cassini spacecraft narrow-angle camera at a distance of approximately 17,000 miles (28,000 kilometers) from Daphnis and at a Sun-Daphnis-spacecraft, or phase, angle of 71 degrees. Image scale is 551 feet (168 meters) per pixel.



Atlas Shoulders Weight of Rings 

65 m/pixel (250 feet/pixel)
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Presentation Notes
26 miles x 11 miles (42 km x 18 km)Rich Terrile, 1980, Voyager data.  While diving daringly close to Saturn’s F ring on April 12th, 2017, NASA’s robotic spacecraft Cassini snapped this image of the moon Atlas, which resembles a flying saucer.  Coming within just 11,000 km (7,000 miles) of this curiously-shaped moon, this was Cassini’s closest flyby of Atlas in the entire mission.  At this distance, features just 65 meters (250 feet) across can be resolved.  While Atlas’ longest dimension is 42 km (26 miles) across, it is just 18 km (11 miles) from pole to pole.  Its flattened shape is reminiscent of neighboring Pan and Daphnis, moons which reside within gaps in the A ring.Atlas, which skims the A ring’s outer edge, appears to consist of a central body whose mid-section is cloaked in small, icy grains from the rings.  Because Saturn’s gravity is so strong, it is only in a very compact region that Atlas’ own gravity can keep this ring material from drifting away.  Atlas is roughly the size and shape that would be expected if this region were filled with as much aberrant ring material as it can hold.  Its smooth equatorial ridge and the subtle ridges and grooves winding across its core may hold clues to Atlas’ own history and evolution, as well as that of the region of Saturn’s ring system where it dwells.These raw, unprocessed images of Saturn's moon, Atlas, were taken on April 12, 2017, by NASA's Cassini spacecraft. The flyby had a close-approach distance of about 7,000 miles (11,000 kilometers).These images are the closest ever taken of Atlas and will help to characterize its shape and geology. Atlas (19 miles, or 30 kilometers across) orbits Saturn just outside the A ring -- the outermost of the planet's bright, main rings. 



Comparing the Ring Moons

AtlasPan
Daphnis

10 km
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Photojournal: PIA21449 June 28, 2017 This montage of views from NASA's Cassini spacecraft shows three of Saturn's small ring moons: Atlas, Daphnis and Pan at the same scale for ease of comparison.Two differences between Atlas and Pan are obvious in this montage. Pan's equatorial band is much thinner and more sharply defined, and the central mass of Atlas (the part underneath the smooth equatorial band) appears to be smaller than that of Pan.Images of Atlas and Pan taken using infrared, green and ultraviolet spectral filters were combined to create enhanced-color views (Figure A), which highlight subtle color differences across the moons' surfaces at wavelengths not visible to human eyes. (The Daphnis image in figure A was colored using the same green filter image for all three color channels, adjusted to have a realistic appearance next to the other two moons.)A version of the montage using only monochrome images is also provided (Figure B).All of these images were taken using the Cassini spacecraft narrow-angle camera. The images of Atlas were acquired on April 12, 2017, at a distance of 10,000 miles (16,000 kilometers) and at a sun-moon-spacecraft angle (or phase angle) of 37 degrees. The images of Pan were taken on March 7, 2017, at a distance of 16,000 miles (26,000 kilometers) and a phase angle of 21 degrees. The Daphnis image was obtained on Jan. 16, 2017, at a distance of 17,000 miles (28,000 kilometers) and at a phase angle of 71 degrees. All images are oriented so that north is up.The Cassini mission is a cooperative project of NASA, ESA (the European Space Agency) and the Italian Space Agency. The Jet Propulsion Laboratory, a division of Caltech in Pasadena, California, manages the mission for NASA's Science Mission Directorate, Washington. 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, Colorado.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov and http://www.nasa.gov/cassini. The Cassini imaging team homepage is at http://ciclops.org.Credit Image Credit: NASA/JPL-Caltech/Space Science InstituteApril 13, 2017 These raw, unprocessed images of Saturn's moon, Atlas, were taken on April 12, 2017, by NASA's Cassini spacecraft. The flyby had a close-approach distance of about 7,000 miles (11,000 kilometers).These images are the closest ever taken of Atlas and will help to characterize its shape and geology. Atlas (19 miles, or 30 kilometers across) orbits Saturn just outside the A ring -- the outermost of the planet's bright, main rings.Additional raw images from Cassini are available at:https://saturn.jpl.nasa.gov/galleries/raw-imagesPhotojournal: PIA21435 March 16, 2017 These stereo views, or anaglyphs, highlight the unusual, quirky shape of Saturn's moon Pan. They appear three-dimensional when viewed through red-blue glasses with the red lens on the left.The views show the northern and southern hemispheres of Pan, at left and right, respectively. They have been rotated to maximize the stereo effect.Standard (non-stereo) versions of these views are presented in PIA21436.Pan has an average diameter of 17 miles (28 kilometers). The moon orbits within the Encke Gap in Saturn's A ring. See PIA09868 and PIA11529 for more distant context views of Pan.Both of these views look toward Pan's trailing side, which is the side opposite the moon's direction of motion as it orbits Saturn.These views were acquired by the Cassini narrow-angle camera on March 7, 2017, at distances of approximately 16,000 miles or 25,000 kilometers (left view) and 21,000 miles or 34,000 kilometers (right view).Image scale in the original images is about 500 feet (150 meters) per pixel (left view) and about 650 feet (200 meters) per pixel (right view). The images have been magnified by a factor of two from their original size.For other 3-D images from the Cassini mission, see http://go.nasa.gov/2mudxQA.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.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov/. The Cassini imaging team homepage is at http://ciclops.org.Credit NASA/JPL-Caltech/Space Science InstitutePhotojournal: PIA17212 February 14, 2017 Daphnis, one of Saturn's ring-embedded moons, is featured in this view, kicking up waves as it orbits within the Keeler gap. The mosaic combines several images to show more waves in the gap edges than seen in a previously released image, Daphnis Up Close .Daphnis is a small moon at 5 miles (8 kilometers) across, but its gravity is powerful enough to disrupt the tiny particles of the A ring that form the Keeler gap's edge. As the moon moves through the Keeler gap, wave-like features are created in both the horizontal and vertical plane.  For more about these vertical structures see Rippling Shadows and Sawtooth Shadows .Images like this provide scientists with a close-up view of the complicated interactions between a moon and the rings, as well as the interactions between the ring particles themselves, in the wake of the moon’s passage. Three wave crests of diminishing sizes trail Daphnis here. In each subsequent crest, the shape of the wave evolves, as the ring particles within the crests collide with one another.Close examination of Daphnis’ immediate vicinity also reveals a faint, thin strand of ring material that almost appears to have been directly ripped out of the A ring by Daphnis.� The images in this mosaic were taken in visible light, using the Cassini spacecraft narrow-angle camera at a distance of approximately 17,000 miles (28,000 kilometers) from Daphnis and at a Sun-Daphnis-spacecraft, or phase, angle of 71 degrees. Image scale is 551 feet (168 meters) per pixel.The Cassini mission is a cooperative project of NASA, ESA (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. 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, Colorado.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov and http://www.nasa.gov/cassini. The Cassini imaging team homepage is at http://ciclops.org.Credit: NASA/JPL-Caltech/Space Science Institute



Cassini’s First Passage between 
Rings and Saturn

Presenter
Presentation Notes
My birthday!On April 26, 2017, Cassini made the first historic passage between Saturn and its rings marking the beginning of Cassini’s Grand Finale.Unique science goals during the Grand Finale include studying Saturn’s interior structure, measuring the mass and composition of the rings, and analyzing composition of uppermost atmosphere.



What We Expected

What We Saw

Where are the large ring particles 
that were predicted?

Saturn Radio Plasma Waves









Saturn Noodle

Smallest resolvable features in atmosphere changed from 8.7 kilometers to 810 meters per pixel
Movie by Kunio Sayanagi and colleagues

Presenter
Presentation Notes
NEWS & FEATURES | May 3, 2017New Movie Shows Cassini's First Dive over SaturnA new movie sequence of images from NASA's Cassini spacecraft shows the view as the spacecraft swooped over Saturn during the first of its Grand Finale dives between the planet and its rings on April 26.The movie comprises one hour of observations as the spacecraft moved southward over Saturn. It begins with a view of the swirling vortex at the planet's north pole, then heads past the outer boundary of the hexagon-shaped jet stream and beyond."I was surprised to see so many sharp edges along the hexagon's outer boundary," said Kunio Sayanagi, an associate of the Cassini imaging team based at Hampton University in Virginia, who helped produce the new movie. "Something must be keeping different latitudes from mixing to maintain those edges," he said.Toward the end of the movie, the camera frame rotates as the spacecraft reorients to point its large, saucer-shaped antenna in the direction of the spacecraft’s motion. The antenna was used as a protective shield during the crossing of Saturn’s ring plane.As the movie frames were captured, the Cassini spacecraft's altitude above the clouds dropped from 45,000 to 4,200 miles (72,400 to 6,700 kilometers). As this occurred, the smallest resolvable features in the atmosphere changed from 5.4 miles (8.7 kilometers) per pixel to 0.5 mile (810 meters) per pixel."The images from the first pass were great, but we were conservative with the camera settings. We plan to make updates to our observations for a similar opportunity on June 29 that we think will result in even better views," said Andrew Ingersoll, a member of the Cassini imaging team based at Caltech in Pasadena, California.






April 26, 2017 June 29, 2017
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Photojournal: PIA21617 July 24, 2017 This mosaic of images combines views captured by NASA's Cassini spacecraft as it made the first dive of the mission's Grand Finale on April 26, 2017. It shows a vast swath of Saturn's atmosphere, from the north polar vortex to the boundary of the hexagon-shaped jet stream, to details in bands and swirls at middle latitudes and beyond.The full image, nicknamed the "Noodle." The mosaic is a composite of 137 images captured as Cassini made its first dive toward the gap between Saturn and its rings. It is an update to a previously released image product (see PIA21441). In the earlier version, the images were presented as individual movie frames, whereas here, they have been combined into a single, continuous mosaic. The mosaic is presented as a still image as well as a video that pans across its length. Imaging scientists referred to this long, narrow mosaic as a "noodle" in planning the image sequence.The first frame of the mosaic is centered on Saturn's north pole, and the last frame is centered on a region at 18 degrees north latitude. During the dive, the spacecraft's altitude above the clouds changed from 45,000 to 3,200 miles (72,400 to 8374 kilometers), while the image scale changed from 5.4 miles (8.7 kilometers) per pixel to 0.6 mile (1 kilometer) per pixel.The bottom of the mosaic (near the end of the movie) has a curved shape. This is where the spacecraft rotated to point its high-gain antenna in the direction of motion as a protective measure before crossing Saturn's ring plane.The images in this sequence were captured in visible light using the Cassini spacecraft wide-angle camera. The original versions of these images, as sent by the spacecraft, have a size of 512 by 512 pixels. The small image size was chosen in order to allow the camera to take images quickly as Cassini sped over Saturn.These images of the planet's curved surface were projected onto a flat plane before being combined into a mosaic. Each image was mapped in stereographic projection centered at 55 degree north latitude.In the movie version, the mosaic is magnified. It begins with a magnification factor of two and smoothly enlarges to a factor of four by the end.The Cassini mission is a cooperative project of NASA, ESA (the European Space Agency) and the Italian Space Agency. The Jet Propulsion Laboratory, a division of Caltech in Pasadena, manages the mission for NASA's Science Mission Directorate, Washington. 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, Colorado.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov and http://www.nasa.gov/cassini. The Cassini imaging team homepage is at http://ciclops.org.Credit NASA/JPL-Caltech/Space Science Institute/Hampton UniversityPhotojournal: PIA21622 July 24, 2017 This mosaic of 30 images was captured by NASA's Cassini spacecraft on June 29, 2017, as it raced toward the gap between Saturn and its rings during one of 22 close passes over Saturn that comprise the mission's final phase, called the Grand Finale.For the first frame of the mosaic, Cassini’s camera was pointed toward a location at approximately 80 degrees north latitude, as the spacecraft was flying 16,000 miles (26,000 kilometers) above the top of the clouds at 45 degrees north latitude. When the last frame was captured, the orbiter was 8,000 miles (13,000 kilometers) above 30 degrees north latitude and looking straight down at the planet.The images in this sequence were captured in near-infrared wavelengths using the Cassini spacecraft wide-angle camera. The near-infrared channel centered at 752 nanometers was chosen for this imaging sequence because it is most sensitive to Saturn’s cloud-top altitudes. The original versions of these images, as sent by the spacecraft, have a size of 512 by 512 pixels. The small image size was chosen in order to allow the camera to take images quickly as Cassini sped over Saturn.These images of the planet's curved surface were projected onto a flat plane before being combined into a mosaic. Each image was mapped in stereographic projection centered at 55 degrees north latitude.The Cassini mission is a cooperative project of NASA, ESA (the European Space Agency) and the Italian Space Agency. The Jet Propulsion Laboratory, a division of Caltech in Pasadena, manages the mission for NASA's Science Mission Directorate, Washington. 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, Colorado.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov and http://www.nasa.gov/cassini. The Cassini imaging team homepage is at http://ciclops.org.Credit NASA/JPL-Caltech/Space Science Institute/Hampton University



ISS and CIRS Close-up Views of North Pole

CIRS temperatures imply subsidence within vortex, with T ~10°K warmer than those at 
other latitudes
Warm temperatures likely result from adiabatic compression and heating during subsidence

CIRS

Rich Achterberg

ISS
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Presentation Notes
Comparison of ISS close-up image of Saturn’s north pole (rev. 271) and CIRS brightness temperatures near the tropopause (rev. 281).ISS image shows the compact north polar vortex (~1° in diameter), which looks like a planetary bathtub drain.CIRS temperatures also imply subsidence within the vortex, with temperatures ~10° K warmer than those at lower latitudes (not shown in the plot; note the 89° latitude circle labeled in blue).The warm temperatures likely result from adiabatic compression and heating during the subsidence.If this is the only important contribution to the heating, then a descent of only 10-15 km could lead to the observed warm temperatures.  This length is smaller than Saturn’s pressure scale height, ~50 km.



VIMS Views of  Saturn’s North Polar Eye

Color Composite

Image #1 : 55 km/pixel

Image #2 : 34 km/pixel

Red:   Thermal Radiation from Depth
=> Clear Skies  - Relatively Few Aerosols  

Green:   Cloud Reflectivity Above ~ 1.5 bar
=> Sensitive to NH3 ice Absorption

Blue:   H2 Absorption 
=> Emphasizes Clouds above 0.6 Bar

Black: Opaque Clouds  at Depth ≳ 2 bar

Green Clouds in Eye are  
relatively deep in 
atmosphere (No sign of 
them in 2.01 µm H2 
absorption image)

2000 km

2.01 µm 
(Upper Cloud top Depth)

5.1 µm 
(Thermal Emission)

2.73 µm 
(Cloud Opacity) Kevin Baines



Final Ultraviolet View of Saturn’s Auroras

Images from Cassini’s Ultraviolet Imaging Spectrometer (UVIS) on Sept. 14
Wayne Pryor

Presenter
Presentation Notes
The final UVIS auroral image shows bright emission near Saturn’s North pole. The spots are created by electrons from Saturn’s day and night sides.This is the closest we have ever seen to the pole.



Model of Nanodust distribution
Flux from main ring system towards Saturn

Cosmic Dust Analyzer detects “Ring Rain”
CDA Particle Profile (June 10)
Vertically extended clouds of nanograins

• High densities of tiny dust grains around equator and below ring plane, in ring-Saturn gap 
• Grains falling into Saturn as ring-rain.  Grains larger than 0.7 µm are strongly depleted.

Sean Hsu Model

Presenter
Presentation Notes
Order of 0.01 per meter cubedCDA detected a vertically extended cloud of tiny dust grains in the gap between Saturn and its rings.High dust densities around the equator and below the ring plane.The observed profile indicates these are materials from the rings falling into Saturn, i.e., the ring rain.Grains larger than 0.7 µm are strongly depleted.Simulations show the morphology of nanodust cloud depends on the plasma environment.



Search for water

Cassini’s path, between 
Saturn and the rings

RingsSaturn

Ion and Neutral Mass 
Spectrometer Gas Profile



Saturn’s Radiation Belts 
observed by MIMI/LEMMS

MeV electrons MeV ions
New 

radiation 
belts

Peter Kollman

Presenter
Presentation Notes
A point you should bring across while talking to the slide is that the new belts we find during the proximal orbits is entirely different to what we saw at SOI. At SOI we only found a tiny, low-energy layer of ions fed by stripped ENAs. During the proximals, we found an full, widely extended radiation belt with 10000 times higher energies that is somehow fed by cosmic rays.



Plateau in the C ring

Azimuthally symmetric structure removed

Plateau P5

Streaky 
texture

100 km
Lit Side

C CDB A

Matt Tiscareno

Presenter
Presentation Notes
277/HRRADSCNL



Plateau in the C ring

Azimuthally symmetric structure removed

Plateau P1

Streaky 
texture

Clumpy 
“straw”

No 
texture

100 km
Lit Side

C CDB A

Matt Tiscareno
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VIMS: Saturn’s colorful rings, revealed in infrared 

On Cassini’s orbit 262, 
VIMS  acquired one of its 
best ever (60-120 km/pixel)
spectral mosaic of Saturn’s 
A, B and C rings. 

Blue/green colors denote 
regions with strong water 
ice bands, while reddish 
colors denote weaker ice 
bands.

These data show sharp 
variations in band strength 
that appear to be due to 
shifts in ring particle 
properties, either 
composition or grain size.

Colors indicate brightness at 1.27 microns (B), 1.78 microns (G) and 2.00 microns (R).

A

B

C

A

B
C

S. Le Mouelic, LPG Nantes

Phil Nicholson



Radio Science Close Ring Occultations

Essam Marouf

- Close & Fast: Smaller 
High Gain Antenna 
footprint, higher spatial 
resolution scattered 
signal measurements; 
strong broadened 
spectra (resolving 
diffraction by ~100 m –
𝜆𝜆 viscous overstability
structure)

X43

C

B1 B3

A

B4

CD

B2

Rev 274

Presenter
Presentation Notes
Radio Science close ring occultations:  In the Grand Finale orbits radio science obtained some of the highest resolution ring occultations ever.  In particular these are the highest spatial resolution scattered signal measurements showing strong, broadened spectra, resolving viscous overstability structures which are radial density variations in the rings generated by spontaneous growth of oscillations in the rings. 






What confines Saturn’s Rings?

A ring is kept from 
spreading by group 
of seven moons. 
Their gravity 
creates waves that 
damp angular 
momentum.

Research led by Radwan
Tajeddine (Cornell 
University)

Presenter
Presentation Notes
Key among the questions scientists hope to answer using data from Cassini are the age and origins of the rings. Theoretical modeling has shown that, without forces to confine them, the rings would spread out over hundreds of millions of years -- much younger than Saturn itself. This spreading happens because faster moving particles that orbit closer to Saturn occasionally collide with slower particles on slightly farther-out orbits. When this happens, some of the faster particles' momentum is transferred to the slower particle, speeding the latter up in its orbit and causing it to move farther outward. The inverse happens to the faster, inner particle.  Previous research has shown that gravitational tugs from the moon Mimas are solely responsible for halting the outward spread of Saturn's B ring -- that ring's outer edge is defined by the dark region known as the Cassini Division. Ring scientists had thought the small moon Janus was responsible for confining the outer edge of the A ring. But a new modeling study led by Radwan Tajeddine of Cornell University, Ithaca, New York, shows that the A ring's outward creep is kept in check by a confederation of moons, including Pan, Atlas, Prometheus, Pandora, Janus, Epimetheus and Mimas. The insight was made possible by Cassini, which provided scientists with high-resolution views of intricate waves in the rings, along with precise determinations of the masses of Saturn's moons. Analysis of these data led Tajeddine and colleagues to an understanding that a cumulative effect of waves from all of these moons damps the outward transfer of momentum in the A ring, and confines its edge.
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Metallic Hydrogen

Molecular Hydrogen

Rock + Ice Core?

Gravity and Magnetic fields probe inside Saturn

Gravity:  Luciano Iess
Mag:  Michele Dougherty



Ring Mass:  Constrain age of rings

• Current uncertainty in ring mass is 100% of nominal value
• 6 gravity passes to measure total ring mass will reduce 

uncertainty to about 5%
• Initial RSS analysis:  less massive, young rings
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C-Ring B-Ring 
GM= 1.9 km3/s2 

(Voyager)

A-Ring Cassini
Division 

74,500 km 92,000 km 117,580 km 122,200 km 136,780 km

Presenter
Presentation Notes
RSS occultations covering ring opening range 24-27 degrees, as yet unobserved by Cassini or Voyager δGM ~ 0.34 km3/s2 (~5%)



90 sec 60 sec

Loss of Signal - 10:32:18 SCET
9.4°N/ 53°W

Cassini’s Final 90 Seconds

Presenter
Presentation Notes
Cassini’s Final 90 seconds:  In the final minutes of the plunge, drag from Saturn’s atmosphere on the magnetometer boom started to tip Cassini backwards.  The thrusters ramped up to full duty cycle within a short time and Cassini lost lock with the Earth, first on X-band and then on S-band.Anticipated Measurements of:Exosphere/ThermosphereH2, HD, He, CH4, …Temperature vs. PressureIonospheree-, H+, OH-, …”Ring rain”Magnetic FieldPlasma Waves



An Emotional Good-Bye



Mission “Bests and Lasts” (next quarter)
Congratulations to Cassini Family on Planning and Executing a 

Spectacular Mission that Resulted in Incredible Science Results!

Presenter
Presentation Notes
The Cassini Mission was certainly an E-ticket ride.



Farewell to the Saturn System

Presenter
Presentation Notes
In a fitting farewell to the planet that had been its home for over13 years, the Cassini spacecraft took one last, lingering look at Saturnand its splendid rings during the final leg of its journey and snapped aseries of images that has been assembled into a new mosaic. Cassini’s wide-angle camera acquired 42 red, green and blue images,covering the planet and its main rings from one end to the other, onSept. 13, 2017. Imaging scientists stitched these frames together tomake a natural color view. The scene also includes the moons Prometheus,Pandora, Janus, Epimetheus, Mimas and Enceladus.��There is much to remember and celebrate in marking the end of themission. Cassini's exploration of Saturn and its environs was deep,comprehensive and historic.��"Cassini’s scientific bounty has been truly spectacular -- a vast arrayof new results leading to new insights and surprises, from the tiniestof ring particles to the opening of new landscapes on Titan andEnceladus, to the deep interior of Saturn itself," said Robert West,Cassini's deputy imaging team leader at NASA's Jet Propulsion Laboratoryin Pasadena, California.��The Cassini imaging team had been planning this special farewell view ofSaturn for years. For some, when the end finally came, it was adifficult goodbye.��"It was all too easy to get used to receiving new images from the Saturnsystem on a daily basis, seeing new sights, watching things change,"said Elizabeth Turtle, an imaging team associate at the Johns HopkinsUniversity Applied Physics Laboratory, Laurel, Maryland. "It was hard tosay goodbye, but how lucky we were to be able to see it all throughCassini's eyes!"��For others, Cassini's farewell to Saturn is reminiscent of another parting from long ago.��"For 37 years,Voyager 1's last view of Saturnhas been, for me, one of the most evocative images ever taken in theexploration of the solar system," said Carolyn Porco, former Voyagerimaging team member and Cassini's imaging team leader at the SpaceScience Institute in Boulder, Colorado. "In a similar vein, this'Farewell to Saturn' will forevermore serve as a reminder of thedramatic conclusion to that wondrous time humankind spent in intimatestudy of our Sun's most iconic planetary system."Launched in 1997, the Cassini spacecraft orbited Saturn from 2004 to2017. The mission made numerous dramatic discoveries, including thesurprising geologic activity on Saturn's moon Enceladus and liquidmethane seas on Saturn's largest moon, Titan. Cassini ended its journeywith a dramatic plunge into Saturn's atmosphere on Sept. 15, 2017,returning unique science data until it lost contact with Earth.The Cassini-Huygens mission is a cooperative project of NASA, ESA(European Space Agency) and the Italian Space Agency. NASA's JetPropulsion Laboratory, a division of Caltech in Pasadena, manages themission for NASA's Science Mission Directorate, Washington. The Cassiniorbiter and its two onboard cameras were designed, developed andassembled at JPL. The imaging team consists of scientists from the U.S.,England, France, and Germany. The imaging operations center and teamleader are based at the Space Science Institute in Boulder, Colorado.More information about Cassini:https://www.nasa.gov/cassinihttps://saturn.jpl.nasa.govPreston Dyches�Jet Propulsion Laboratory, Pasadena, Calif.�818-354-7013�preston.dyches@jpl.nasa.govSteve Mullins�CICLOPS/Space Science Institute, Boulder, Colo.720-974-5859�media@ciclops.org



Questions?
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BacklitSaturn_PIA17172.jpg from Preston
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