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 After 10 years at Saturn, the stalwart spacecraft has returned to Earth hundreds of gigabytes of scientific data, enabling the publication of more than 3,000 scientific reports. Representing just a sampling, 10 of Cassini’s top accomplishments and discoveries are: -- The Huygens probe makes first landing on a moon in the outer solar system (Titan)-- Discovery of active, icy plumes on the Saturnian moon Enceladus-- Saturn’s rings revealed as active and dynamic -- a laboratory for how planets form-- Titan revealed as an Earth-like world with rain, rivers, lakes and seas-- Studies of Saturn's great northern storm of 2010-2011-- Radio-wave patterns shown not to be tied to Saturn’s interior rotation as previously thought-- Vertical structures in the rings imaged for the first time-- Study of prebiotic chemistry on Titan-- Mystery of the dual, bright-dark surface of the moon Iapetus solved-- First complete view of the north polar hexagon and discovery of giant hurricanes at both of Saturn's poles10 years ago the Cassini spacecraft flawlessly executed anail-biting 96-min rocket engine burnfirst man-made object to orbit SaturnCassini also carried the Huygens probe into orbitToday we celebrate Cassini’s 10-year anniversaryShare just a few of Cassini's amazing findings so far"Having a healthy, long-lived spacecraft at Saturn has afforded us a precious opportunity," said Linda Spilker, Cassini project scientist at NASA’s Jet Propulsion Laboratory, in Pasadena, California. "By having a decade there with Cassini, we have been privileged to witness never-before-seen events that are changing our understanding of how planetary systems form and what conditions might lead to habitats for life." 



14 January 2014 

Cassini’s Senior Review Proposal Submitted 
Four Budget Scenarios for 3 Fiscal Years 
• Guideline 
• Descope 
• Floor 
• Overguide 

OPAG LJS-2 
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At Columbia Sheraton in Columbia MD
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Cassini-Huygens Mission Timeline 
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Presentation Notes
29.6 year orbit for Saturn5 science disciplines
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88 more orbits, 24 more Titan flybys, 2 Dione flybys, 3 targeted Enceladus flybys, many small satellite flybys and 22 Proximal orbits.



Cassini PSD Stand-up Senior Review 

• Panel review held May 14th in Columbia, MD 
– Supported in person by Linda Spilker, Earl Maize, 

Mike Flasar, Dick French, Don Mitchell, Jonathan 
Lunine, Andy Ingersoll 

• Joint Cassini/LRO panel 
• 20 questions received 

– 15 Science 
– 1 Technical 
– 2 Archiving 
– 2 EPO 

• SR findings and budget initially due in June 
• Latest update: end of July 
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The Guideline funding option for NSM will continue science return for the final three years of the mission at the same level as being achieved now, including the unique end of mission F ring/Proximal Orbits phaseThe Overguide funding option offers an opportunity to further exploit the unique science opportunities of the F ring/Proximal Orbits phaseQuestions about loss of USO, loss of CAPS, Titan surface coverage, waves on Titan lakes, meteoroid flux onto the rings, Is Enceladus’ N. Pole active?



How many early career scientists have been funded by 
the Cassini Mission? 

• 399 early career scientists 
 

• At least 12 went on to become 
NASA-selected Cassini 
Participating Scientists 

23 July 2014 OPAG 6 
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For every NASA-selected Cassini scientist (238), there is at least one early career scientist.Darci SnowdenTommi KoskinenAlex HayesBrigette HesmanJason BarnesCarrie AndersonCarol PatyMatt HedmanMatt TiscarenoVeronique VuittonJason SoderblomCarly Howett



U.S. 2014 Scientist for a Day Winners 

LJS-7 

Winners of special Spring 2014 edition of the essay contest include, from left: Emma 
Spears, Nidhi Nagireddy, Nicholas Vitebsky, Luca P.B. Robinson, Belen Morote, Neha 
Aryasomayajula and Juliana Yu.  

23 July 2014 OPAG 

Winner Nicolas Vitebsky on Saturn’s F ring:  “A petri dish of the cosmos, this ring is a 
window to the evolution of solid bodies, explaining how they coalesce and develop. The 
Cassini mission, with its dedicated team of scientists at the helm, will delve deeper into 
these questions and, undoubtedly, raise many more in years to come.”  
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The Cassini Scientist for a Day contest challenges students to become NASA scientists studying Saturn. Participants examine three possible observations taken by Cassini and are tasked to choose the one they think will yield the best scientific results. This choice must then be supported in essay (maximum 500 words). The contest meets U.S. National English and Science Education Standards. 	Met Ben Wolman at a Cassini lecture that I gave.  	Palisades Charter High School	9th GradePacific Palisades, CaliforniaTeacher: Sarah Rosenthal	"On the outskirts of Saturn’s exotically beautiful ring system lies the planet’s F ring, a narrow band of surprising dynamism and mystery. This enigmatic ring is offering up novel insights to planetary dynamicists and astrophysicists alike. Flanked by the dense A ring closer to Saturn and the thin G ring farther out, the F ring is an anomaly among its icy colleagues, a unique result of gravitational interactions between nearby masses.But gravity may not be the sole driver of the activity that birthed and maintains the tenuous F ring. Saturn’s magnetic field has been posited to stimulate even weakly charged particles in its rings to orbit, generating undulations in the ring similar to those produced by gravity. This creates the strange appearance of lace-like swirls. And closer inspection, thanks to groundbreaking Voyager flybys in 1980 and 1981, reveals even more remarkable peculiarities, further examined with unprecedented clarity at Cassini’s arrival mid-2004.Voyager’s discovery of the affectionately termed “shepherd” moons, Pandora and Prometheus, surprised scientists when they realized the position of the moons on either side of the F ring allow them to act as cosmic sculptors, molding rocky debris into a narrow, defined ring. But peculiarities arise from the moons’ irregular orbits, and their forces on the ring particles also do damage, counteracting their neat shepherding and creating channels within the ring. Still smaller channels, or fans, have been observed in the F ring, probable signs of moonlets and other clumps of matter shaping the ring.Astonishing as these extraordinary features of the ring are, the closer NASA scientists and other researchers look, the more they reveal within the F ring’s dominion. Particularly incredible are the “mini jets” spotted by Cassini that emanate from the F ring. Moving at the leisurely pace of about 2 m/s, these snowy trails, which resemble the ice-covered thorns of a rose vine, can span 40-180 km, and may be the consequence of collisional debris pummeling through ring material. One step in a continuous chain of satellite interactions, mini jets are victors in a game of gravitational tug-of-war. Further analysis of these majestic frosty streams could bring us closer to understanding the proto-planetary collisions that brought into existence our own planet, Earth, and its solar system siblings.The recent discovery of the potential moon “Peggy” in Saturn’s A ring serves as a reminder that Saturn – not to mention our knowledge base – is still evolving. The F ring’s inimitable activity may itself prove the ultimate subject of study, with Cassini bringing to light interactions never before seen on other rings.Saturn’s F ring is a kind of testing ground, then, from which information can be extrapolated to describe countless astrophysical situations. A petri dish of the cosmos, this ring is a window to the evolution of solid bodies, explaining how they coalesce and develop. The Cassini mission, with its dedicated team of scientists at the helm, will delve deeper into these questions and, undoubtedly, raise many more in years to come."	



Solstice Mission Inclination Profile 
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Presentation Notes
For showing how frugal we are in SM:                             Plan (mean)                      Actual                   DurationT3 to T44               387 m/s                            311 m/s                 4 yearsT44 to T71             211 m/s                            201 m/s                 2 yearsT71 to T126           158 m/s                               ?                           7 yearsSince July OPAG meeting, 4 close Titan flybys3 optical remote sensing flybys to look for changes in the northern lakes and one radar/INMS flyby, partly covering a new region in the northern lakes area for Radar.T94 – Titan flyby (970 km)    Sept. 12, 2013ORS flybyLooked for any seasonal changes in Titan’s lakes T95 – Titan flyby (961 km)    Oct. 15, 2013RADAR/INMS flyby Best pass in the Solstice mission to study the effects of solar input on Titan’s atmosphereSAR to edge of lake region targeted to hit Selk, a region not well studied previouslyT96 – Titan flyby (1400 km)    Dec. 1, 2013ORS flybyNorth and south pole medium and high-resolution mapping of seas, lakes, surface, & cloud monitoringT97 – Titan flyby (1400 km)    Jan. 1, 2014ORS flyby Lakes and seas mapping in the north, & equatorial surface coverageTemperature and trace gas atmospheric observations and cloud tracking 



“Supernova” Science At Saturn 
Cassini made first ever observation of near-relativistic electrons accelerated within 

Saturn’s bowshock. 

Electrons were accelerated to ultra-high, 
relativistic energies when an unusually 
strong blast of solar wind compressed 
Saturn’s bowshock (blue). 
 
This event is similar to shock-acceleration 
of particles taking place around 
supernovas and may be the dominant 
source of high-energy cosmic rays  that 
pervade our galaxy. 
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The next best thing to a spacecraft orbiting a supernova is Cassini being present for the first ever observation of near-relativistic electrons accelerated within Saturn’s bowshock (represented by blue region in the graphic below). Electrons were accelerated to ultra-high, relativistic energies when an unusually strong blast of solar wind compressed the bowshock, the region where Saturn’s magnetosphere meets the solar wind.This event is similar to shock-acceleration of particles taking place around supernovas and may be the dominant source of high-energy cosmic rays  that pervade our galaxy.Cassini data is providing unprecedented insights into how energetic particles are generated at supernova boundaries.This artist's concept illustrates Saturn's invisible magnetic field lines (gray) and the invisible bowshock (blue) where Saturn's magnetic field is compressed by the incoming super-sonic solar wind.Masters, A., et al., Nature Phys. 9, 164–167, (2013) 



Tracking ‘Space Weather’ from the Sun to Saturn:  
Cassini Sees the Birth of an Aurora 

A major solar wind 
disturbance is on its way 

Evidence of newly energized 
particles is seen by MIMI’s Ion and 
Neutral Camera 

Quiet aurora is 
observed on 
Saturn in the 
infrared before 
the storm 

A burst of radio emission, a 
known response to solar 
wind activity, is detected by 
the radio and plasma wave 
instrument 

Ultraviolet scans of the 
north pole reveal how the 
atmosphere responds to 
the arrival of the solar 
disturbance 

Hubble Space Telescope 
captures the same event 
from across the solar 
system 

How does a disturbance from the sun energize a planetary environment 
different from the Earth?  Where do similarities lie and differences begin? 
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Presentation Notes




A New Moon is Born??? 

11 

Appears to be 
associated with birth 
of small, icy infant 
moon nicknamed 
Peggy 
 

Bright ring feature 
discovered on outer 
edge of A ring  

23 July 2014 OPAG 
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Discovery image taken in April 2013Cassini discovered and tracked a bright, extended feature at the very outer edge of Saturn’s A RingBright ring feature appears to be associated with the birth of a small, icy infant moonNicknamed PeggyThe object, nicknamed “Peggy,” disturbs nearby ring particles at  ring edge“Peggy” is ~3 km across and creates an entourage of particles that stick together in a bright arc about 1,200 km long and about 10 km widePlanets may form in a similar fashion from a ring-like disk orbiting a star  The discovery and dynamical evolution of an object at the outer edge of Saturn’s A ringISS has discovered and tracked the orbital evolution of an object seen at the very outer edge of Saturn’s A Ring. The object, dubbed ‘Peggy’ informally after the discoverer’s mother-in-law, is possibly as large as 3 km in radius, but is not seen directly and its properties are inferred from the manner in which it perturbs nearby ring material, similar to “propellers” seen elsewhere in the A Ring. It is possible that this object is in the process of being expelled from the A Ring by gravitational torques, a process which is complicated by the Janus - Epimetheus 7:6 resonance at the A Ring edge. It has long been theorized that small moons are occasionally spun out of the main rings and it will be very exciting to track this object or group of objects over time. It is also possible that the object is locally formed by compaction associated with the edge-forming resonances. The object, nicknamed “Peggy,” disturbs nearby ring particles near the ring edge. In time, it may assume a place in orbit among Saturn’s 62 other known moons.  “Peggy” appears to be about the size of three soccer fields. It has gathered an entourage of particles that stick together in a bright arc about 750 miles (1,200 kilometers) long and about 6 miles (10 miles) wide.   Scientists have long theorized that our solar system’s planets formed in a similar fashion from a ring-like disk around our early sun.Cassini discovered and tracked an object seen at the very outer edge of Saturn’s A Ring. Object perturbs nearby ring material similar to “propellers” and may be in the process of being expelled from the A Ring by gravitational torques.Long been theorized that small moons are occasionally spun out of main rings.  Plans are afoot to track it with future observations in 2016.Carl D. Murraya, , , Nicholas J. Coopera, Gareth A. Williamsa, Nicholas O. Attreea, Jeffrey S. BoyerbISS has discovered and tracked the orbital evolution of an object seen at the very outer edge of Saturn’s A Ring. The object, dubbed ‘Peggy’ informally after the discoverer’s mother-in-law, is possibly as large as 3 km in radius, but is not seen directly and its properties are inferred from the manner in which it perturbs nearby ring material, similar to “propellers” seen elsewhere in the A Ring. It is possible that this object is in the process of being expelled from the A Ring by gravitational torques, a process which is complicated by the Janus - Epimetheus 7:6 resonance at the A Ring edge. It has long been theorized that small moons are occasionally spun out of the main rings and it will be very exciting to track this object or group of objects over time. It is also possible that the object is locally formed by compaction associated with the edge-forming resonances. Cassini discovered and tracked a bright, extended feature at the very outer edge of Saturn’s A Ring. The feature is created by an object, nicknamed “Peggy”, that is ~3 km in radius.Peggy  perturbs nearby ring material similar to “propellers” inside the A ring.One theory states that small moons are occasionally spun out of main rings.  Tracking feature now with plans to track it with future observations in 2016.NASA Cassini Images May Reveal Birth of a Saturn MoonApr. 14, 2014[ - ]   Text   [ + ]	The disturbance visible at the outer edge of Saturn's A ring in this Cassini image could be caused by an object replaying the birth process of icy moons.	NASA's Cassini spacecraft has documented the formation of a small icy object within the rings of Saturn that may be a new moon, and may also provide clues to the formation of the planet's known moons.Images taken with Cassini's narrow angle camera on April 15, 2013, show disturbances at the very edge of Saturn's A ring -- the outermost of the planet's large, bright rings. One of these disturbances is an arc about 20 percent brighter than its surroundings, 750 miles (1,200 kilometers) long and 6 miles (10 kilometers) wide. Scientists also found unusual protuberances in the usually smooth profile at the ring's edge. Scientists believe the arc and protuberances are caused by the gravitational effects of a nearby object. Details of the observations were published online today (April 14, 2014) by the journal Icarus.The object is not expected to grow any larger, and may even be falling apart. But the process of its formation and outward movement aids in our understanding of how Saturn's icy moons, including the cloud-wrapped Titan and ocean-holding Enceladus, may have formed in more massive rings long ago. It also provides insight into how Earth and other planets in our solar system may have formed and migrated away from our star, the sun."We have not seen anything like this before," said Carl Murray of Queen Mary University of London, the report's lead author. "We may be looking at the act of birth, where this object is just leaving the rings and heading off to be a moon in its own right."The object, informally named Peggy, is too small to be seen in images so far. Scientists estimate it is probably no more than about a half mile (about a kilometer) in diameter. Saturn's icy moons range in size depending on their proximity to the planet -- the farther from the planet, the larger. And many of Saturn's moons are composed primarily of ice, as are the particles that form Saturn's rings. Based on these facts, and other indicators, researchers recently proposed that the icy moons formed from ring particles and then moved outward, away from the planet, merging with other moons on the way."Witnessing the possible birth of a tiny moon is an exciting, unexpected event," said Cassini Project Scientist Linda Spilker, of NASA's Jet Propulsion Laboratory in Pasadena, Calif. According to Spilker, Cassini's orbit will move closer to the outer edge of the A ring in late 2016 and provide an opportunity to study Peggy in more detail and perhaps even image it.It is possible the process of moon formation in Saturn's rings has ended with Peggy, as Saturn's rings now are, in all likelihood, too depleted to make more moons. Because they may not observe this process again, Murray and his colleagues are wringing from the observations all they can learn."The theory holds that Saturn long ago had a much more massive ring system capable of giving birth to larger moons," Murray said. "As the moons formed near the edge, they depleted the rings and evolved, so the ones that formed earliest are the largest and the farthest out."The Cassini-Huygens mission is a cooperative project of NASA, the European Space Agency and the Italian Space Agency. JPL, a division of the California Institute of Technology, manages the mission for NASA's Science Mission Directorate in Washington.To view an image of the Saturn ring disturbance attributed to the new moon, visit:http://saturn.jpl.nasa.gov/photos/imagedetails/index.cfm?imageId=5008For more information about Cassini, visit these sites:http://www.nasa.gov/cassinihttp://saturn.jpl.nasa.gov
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“Proto-Peggy” Clumps 
Cast Shadows 
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“Proto-Peggy” Clumps Cast Shadows near equinox:  Example of how protoplanets might form in planetary diskSmall objects form near A ring outer edge ~0.5 km radius from shadow projectionsCould be proto-Peggy clumpsOuter region of A ring might be a moonlet “nursery”BTW we estimated the objects in Figure 4 to have heights of <500m and so they would have to be the size of proto-Peggys.



23 July 2014 OPAG 13 

Clumps on Outer Edge of B ring 
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PIA11668: The Tallest Peaks PIA11668.tif (1.029 MB)top is B ring edge & CD, sun shining from topsaw for 1st time shadows of large ring particles towering 1-2 miles above ringsBy way of analogy, imagine flying on the Space Station, looking down on ancient pyramids at noonno shadow, hard to pick out against desert floorlook down on them again near sunsetlong shadows, easy to pick outlarge chunks, probably agglomerations of smaller particlescan help us understand how our solar system's planets accreted 



Phoebe 
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Phoebe:  Captured Kuiper Belt ObjectNearly spherical, 136 mi x 127 mi219 km x 204 km213.0±1.4 km  132 mi   (219 × 217 × 204)As it entered the Saturn system, NASA's Cassini spacecraft performed its first targeted flyby of one of the planet's moons. On June 11, 2004, Cassini passed Phoebe, the largest of Saturn's outer or "irregular" moons, at an altitude of just 1,285 miles (2,068 kilometers). This was the sole close flyby of one of the outer moons of Saturn in the entire Cassini mission.This montage of two views is published by the Cassini team to mark the 10th anniversary of the Phoebe flyby.The image on the left side shows Cassini's view on approach to Phoebe, while the right side shows the spacecraft's departing perspective. Most of the left-side view was previously released as PIA06073; an area on its upper right side is newly filled in here. Most of the view on the right side has not previously been released, although the crater at upper left is seen in PIA06074.Phoebe's shape is approximately spherical (see PIA06070 and PIA15507 for more details), with a diameter of 136 miles (219 kilometers) on its longest axis and 127 miles (204 kilometers) on its shortest axis, which is also the rotation axis. This is approximately 16 times smaller than Earth's moon.For several reasons, Phoebe is thought to be a captured object that does not share a joint origin with Saturn and the inner, "regular" satellites. It orbits in a retrograde direction, opposite to the direction of Saturn's other major moons. Its overall density was determined by Cassini scientists to be quite large for a moon of Saturn. The prevailing view is that Phoebe might have formed in the Kuiper Belt, far beyond the orbit of Saturn. It might thus be a small cousin of the largest Kuiper Belt object, Pluto.The image mosaic on the left, recorded about 45 minutes before closest approach to Phoebe, is composed of six frames from Cassini's Narrow-Angle Camera (NAC), plus one Wide-Angle Camera (WAC) image to fill the gap on the upper-right limb. The image has a spatial resolution of 260 feet (80 meters) per pixel. The sun-Phoebe-spacecraft, or phase, angle is 80 degrees.The image at right, taken about half an hour after closest approach, is composed of eight NAC frames. The spatial resolution is 210 feet (65 meters) per pixel, and the phase angle is 83 degrees.The images have been slightly rescaled from their original formats and sharpened. Because Phoebe is a very dark object, contrast enhancement was also necessary. At such high phase angles, the brightest parts of the surface, except where bright ice is exposed, reflect only about four percent of the incoming sunlight. The mosaics are composed of monochromatic, or single-color, images. Since Phoebe is a very dark object with no obvious coloration, a natural color view would probably look somewhat similar.During its historic close encounter with Phoebe, the Cassini spacecraft captured a series of high resolution images of the small moon, six of which have been put together to create this mosaic.Phoebe shows an unusual variation in brightness over its surface due to the existence on some crater slopes and floors of bright material - thought to contain ice - on what is otherwise one of the darkest known bodies in the solar system. Bright streaks on the rim of the large crater in the North (up in this image) may have been revealed by the collapse of overlying darker material from the crater wall. The large crater below right-of-center shows evidence of layered deposits of alternating bright and dark material. A possible mechanism for this apparent layering was discussed in an earlier image release.Hints of Phoebe's irregular topography can be seen peeking out from the shadows near the lower left and upper left parts of the image. These are real features - possibly crater rims or mountain peaks - that are just being hit by the first light of sunrise on Phoebe.Phoebe's surface shows many large- and small-scale craters. The emerging view of Phoebe is that it might have been part of an ancestral population of icy, comet-like bodies, some of which now reside in the Kuiper Belt beyond Neptune.The images in this mosaic were taken in visible light with the narrow-angle camera at distances ranging from 15,974 kilometers (9,926 miles) to 12,422 kilometers (7,719 miles). The image scale is 74 meters (243 feet) per pixel. Contrast in the image has been enhanced slightly to improve visibility.Phoebe's SurpriseJune 13, 2004	Full-Res: PIA06067	Phoebe delivers on its promise to reveal new wonders to Cassini by showing probable evidence of an ice-rich body overlain with a thin layer of dark material. The sharply-defined crater at above center exhibits two or more layers of alternating bright and dark material. Imaging scientists on the Cassini mission have hypothesized that the layering might occur during the crater formation, when ejecta thrown out from the crater buries the pre-existing surface that was itself covered by a relatively thin, dark deposit over an icy mantle. The lower thin dark layer on the crater wall appears to define the base of the ejecta blanket. The ejecta blanket itself appears to be mantled by a more recent dark surface lag.This image was obtained on June, 11 2004 at a phase, or Sun-Phoebe-spacecraft, angle of 79 degrees, and from a distance of 13,377 kilometers (8,314 miles). The image scale is approximately 80 meters (263 feet) per pixel. No enhancement was performed on this image.		



Cassini Detects Enceladus Ocean:  
A Habitable World?  

Saturn’s moon Enceladus 
harbors a large, 10-km 
deep underground ocean 
of liquid water underneath 
south pole 
 
Ice crust 30-40 km thick 
 
Potential habitat for life  

Ocean 

Ice Crust 

Water jets  
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NASA Space Assets Detect Ocean inside Saturn MoonNASA's Cassini spacecraft and Deep Space Network have uncovered evidence Saturn's moon Enceladus harbors a large underground ocean of liquid water, furthering scientific interest in the moon as a potential home to extraterrestrial microbes.Researchers theorized the presence of an interior reservoir of water in 2005 when Cassini discovered water vapor and ice spewing from vents near the moon's south pole. The new data provide the first geophysical measurements of the internal structure of Enceladus, consistent with the existence of a hidden ocean inside the moon. Findings from the gravity measurements are in the Friday, April 4 edition of the journal Science."The way we deduce gravity variations is a concept in physics called the Doppler Effect, the same principle used with a speed-measuring radar gun," said Sami Asmar of NASA's Jet Propulsion Laboratory in Pasadena, Calif., a coauthor of the paper. "As the spacecraft flies by Enceladus, its velocity is perturbed by an amount that depends on variations in the gravity field that we're trying to measure. We see the change in velocity as a change in radio frequency, received at our ground stations here all the way across the solar system."The gravity measurements suggest a large, possibly regional, ocean about 6 miles (10 kilometers) deep, beneath an ice shell about 19 to 25 miles (30 to 40 kilometers) thick. The subsurface ocean evidence supports the inclusion of Enceladus among the most likely places in our solar system to host microbial life. Before Cassini reached Saturn in July 2004, no version of that short list included this icy moon, barely 300 miles (500 kilometers) in diameter."This then provides one possible story to explain why water is gushing out of these fractures we see at the south pole," said David Stevenson of the California Institute of Technology, Pasadena, one of the paper's co-authors.Cassini has flown near Enceladus 19 times. Three flybys, from 2010 to 2012, yielded precise trajectory measurements. The gravitational tug of a planetary body, such as Enceladus, alters a spacecraft's flight path. Variations in the gravity field, such as those caused by mountains on the surface or differences in underground composition, can be detected as changes in the spacecraft's velocity, measured from Earth.The technique of analyzing a radio signal between Cassini and the Deep Space Network can detect changes in velocity as small as less than one foot per hour (90 microns per second). With this precision, the flyby data yielded evidence of a zone inside the southern end of the moon with higher density than other portions of the interior.The south pole area has a surface depression that causes a dip in the local tug of gravity. However, the magnitude of the dip is less than expected given the size of the depression, leading researchers to conclude the depression's effect is partially offset by a high-density feature in the region, beneath the surface."The Cassini gravity measurements show a negative gravity anomaly at the south pole that however is not as large as expected from the deep depression detected by the onboard camera," said the paper's lead author, Luciano Iess of Sapienza University of Rome. "Hence the conclusion that there must be a denser material at depth that compensates the missing mass: very likely liquid water, which is seven percent denser than ice. The magnitude of the anomaly gave us the size of the water reservoir."There is no certainty the subsurface ocean supplies the water plume spraying out of surface fractures near the south pole of Enceladus, however, scientists reason it is a real possibility. The fractures may lead down to a part of the moon that is tidally heated by the moon's repeated flexing, as it follows an eccentric orbit around Saturn.Much of the excitement about the Cassini mission's discovery of the Enceladus water plume stems from the possibility that it originates from a wet environment that could be a favorable environment for microbial life."Material from Enceladus’ south polar jets contains salty water and organic molecules, the basic chemical ingredients for life," said Linda Spilker, Cassini's project scientist at JPL. "Their discovery expanded our view of the 'habitable zone' within our solar system and in planetary systems of other stars. This new validation that an ocean of water underlies the jets furthers understanding about this intriguing environment."



Bouncing Radio Signals Off Titan Seas 

• Three firsts for Cassini Radio Science (RSS) 
• First time bouncing a RSS radio signal off from Titan seas (bistatic experiment) 
• First ever detection of Ka-band echoes off of Titan during a RSS bistatic experiment 
• First radio occultations of Titan’s atmosphere with new “2-way” radio science mode 

• Bistatic experiments yield information on a surface’s electrical properties, and in turn 
composition, and on surface roughness 

• Occultations provide information on the thermal structure of the atmosphere 

Cassini’s Radio Science Team: science operations in real-time 

Presenter
Presentation Notes
http://saturn.jpl.nasa.gov



A Salty Sea and Methane Hot-Spots 

23 July 2014 OPAG 17 The moon's icy shell is rigid and in the process of freezing solid so any outgassing 
of methane into Titan's atmosphere must happen at scattered "hot spots" .   

A relatively high density, equivalent to the saltiest bodies of water on Earth, was 
required for Titan's ocean in order to explain the gravity data.  
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Ocean on Saturn Moon Could be as Salty as the Dead SeaScientists analyzing data from NASA’s Cassini mission have firm evidence the ocean inside Saturn's largest moon, Titan, might be as salty as Earth's Dead Sea.The new results come from a study of gravity and topography data collected during Cassini's repeated flybys of Titan during the past 10 years. Using the Cassini data, researchers presented a model structure for Titan, resulting in an improved understanding of the structure of the moon's outer ice shell. The findings are published in this week’s edition of the journal Icarus."Titan continues to prove itself as an endlessly fascinating world, and with our long-lived Cassini spacecraft, we’re unlocking new mysteries as fast as we solve old ones," said Linda Spilker, Cassini project scientist at NASA's Jet Propulsion Laboratory in Pasadena, California, who was not involved in the study.Additional findings support previous indications the moon's icy shell is rigid and in the process of freezing solid. Researchers found that a relatively high density was required for Titan's ocean in order to explain the gravity data. This indicates the ocean is probably an extremely salty brine of water mixed with dissolved salts likely composed of sulfur, sodium and potassium. The density indicated for this brine would give the ocean a salt content roughly equal to the saltiest bodies of water on Earth."This is an extremely salty ocean by Earth standards," said the paper's lead author, Giuseppe Mitri of the University of Nantes in France. "Knowing this may change the way we view this ocean as a possible abode for present-day life, but conditions might have been very different there in the past."Cassini data also indicate the thickness of Titan's ice crust varies slightly from place to place. The researchers said this can best be explained if the moon's outer shell is stiff, as would be the case if the ocean were slowly crystalizing and turning to ice. Otherwise, the moon's shape would tend to even itself out over time, like warm candle wax. This freezing process would have important implications for the habitability of Titan's ocean, as it would limit the ability of materials to exchange between the surface and the ocean.A further consequence of a rigid ice shell, according to the study, is any outgassing of methane into Titan's atmosphere must happen at scattered "hot spots" -- like the hot spot on Earth that gave rise to the Hawaiian Island chain. Titan's methane does not appear to result from convection or plate tectonics recycling its ice shell.How methane gets into the moon's atmosphere has long been of great interest to researchers, as molecules of this gas are broken apart by sunlight on short geological timescales. Titan's present atmosphere contains about five percent methane. This means some process, thought to be geological in nature, must be replenishing the gas. The study indicates that whatever process is responsible, the restoration of Titan's methane is localized and intermittent."Our work suggests looking for signs of methane outgassing will be difficult with Cassini, and may require a future mission that can find localized methane sources," said Jonathan Lunine, a scientist on the Cassini mission at Cornell University, Ithaca, New York, and one of the paper's co-authors. "As on Mars, this is a challenging task."The Cassini-Huygens mission is a cooperative project of NASA, the European Space Agency and the Italian Space Agency. JPL manages the mission for NASA's Science Mission Directorate in Washington.



Cassini Sends 50th Anniversary Greetings 
to Deep Space Network 
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“Congratulations Deep Space Network on 50 Years 
of Communications and Discovery!” 

Presenter
Presentation Notes
Positions of the planets when the message was sent (via Eyes on the Solar System).	The giant antennas of NASA’s Deep Space Network, or DSN, talk with the Cassini spacecraft almost every day. They send commands to the spacecraft and receive information about Cassini’s status, along with data from its science instruments.Without the capability to communicate over vast interplanetary distances provided by the DSN, it would be impossible to undertake a voyage like Cassini. With this in mind, the Cassini team thought it fitting to mark the network’s 50th anniversary by transmitting their greeting card from Saturn.On Jan. 16, 2014 the usual stream of ones and zeros shared between Cassini and the DSN had a little something extra added in. A message from the Cassini team was converted to computer code and inserted into an unused portion of the spacecraft’s command sequence, then bounced from Earth to Cassini and back.The message read:“Congratulations Deep Space Network on 50 Years of Communications and Discovery!”After a round-trip travel time across the solar system of nearly three hours, the DSN station in Canberra, Australia confirmed receipt of the message at approximately 7:30 am local time (12:30 pm US Pacific time).



Cassini: A Decade at Saturn and Counting 

On June 30, 2014, Cassini marked 10 years of exploring the Saturn system. 

Presenter
Presentation Notes
10 years ago the Cassini spacecraft flawlessly executed anail-biting 96-min rocket engine burnfirst man-made object to orbit SaturnCassini also carried the Huygens probe into orbitOn June 30, 2014 we celebrated Cassini’s 10-year anniversaryShare just a few of Cassini's amazing findings so far
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Of the countless equinoxes Saturn has seen since the birth of the solar system, this one, captured here in a mosaic of light and dark, is the first witnessed up close by an emissary from Earth … none other than our faithful robotic explorer, Cassini.Seen from our planet, the view of Saturn’s rings during equinox is extremely foreshortened and limited. But in orbit around Saturn, Cassini had no such problems. From 20 degrees above the ring plane, Cassini’s wide angle camera shot 75 exposures in succession for this mosaic showing Saturn, its rings, and a few of its moons a day and a half after exact Saturn equinox, when the sun’s disk was exactly overhead at the planet’s equator.The novel illumination geometry that accompanies equinox lowers the sun’s angle to the ring plane, significantly darkens the rings, and causes out-of-plane structures to look anomalously bright and to cast shadows across the rings. These scenes are possible only during the few months before and after Saturn’s equinox which occurs only once in about 15 Earth years. Before and after equinox, Cassini’s cameras have spotted not only the predictable shadows of some of Saturn’s moons (see PIA11657), but also the shadows of newly revealed vertical structures in the rings themselves (see PIA11665).Also at equinox, the shadows of the planet’s expansive rings are compressed into a single, narrow band cast onto the planet as seen in this mosaic. (For an earlier view of the rings’ wide shadows draped high on the northern hemisphere, see PIA09793.)The images comprising the mosaic, taken over about eight hours, were extensively processed before being joined together. First, each was re-projected into the same viewing geometry and then digitally processed to make the image “joints” seamless and to remove lens flares, radially extended bright artifacts resulting from light being scattered within the camera optics.At this time so close to equinox, illumination of the rings by sunlight reflected off the planet vastly dominates any meager sunlight falling on the rings. Hence, the half of the rings on the left illuminated by planetshine is, before processing, much brighter than the half of the rings on the right. On the right, it is only the vertically extended parts of the rings that catch any substantial sunlight.With no enhancement, the rings would be essentially invisible in this mosaic. To improve their visibility, the dark (right) half of the rings has been brightened relative to the brighter (left) half by a factor of three, and then the whole ring system has been brightened by a factor of 20 relative to the planet. So the dark half of the rings is 60 times brighter, and the bright half 20 times brighter, than they would have appeared if the entire system, planet included, could have been captured in a single image.The moon Janus (179 kilometers, 111 miles across) is on the lower left of this image. Epimetheus (113 kilometers, 70 miles across) appears near the middle bottom. Pandora (81 kilometers, 50 miles across) orbits outside the rings on the right of the image. The small moon Atlas (30 kilometers, 19 miles across) orbits inside the thin F ring on the right of the image. The brightnesses of all the moons, relative to the planet, have been enhanced between 30 and 60 times to make them more easily visible. Other bright specks are background stars. Spokes -- ghostly radial markings on the B ring -- are visible on the right of the image.This view looks toward the northern side of the rings from about 20 degrees above the ring plane.The images were taken on Aug. 12, 2009, beginning about 1.25 days after exact equinox, using the red, green and blue spectral filters of the wide angle camera and were combined to create this natural color view. The images were obtained at a distance of approximately 847,000 kilometers (526,000 miles) from Saturn and at a Sun-Saturn-spacecraft, or phase, angle of 74 degrees. Image scale is 50 kilometers (31 miles) 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.For more information about the Cassini-Huygens mission visit http://saturn.jpl.nasa.gov/. The Cassini imaging team homepage is at http://ciclops.org.
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Colors Reversing as Seasons ChangeA wide-angle view captures Titan passing in front of Saturn, as well as the planet’s changing colors. Upon Cassini’s arrival at Saturn almost 10 years ago, Saturn’s northern winter hemisphere was an azure blue. Now that winter is encroaching on the planet’s southern hemisphere and summer on the north, the color scheme is reversing: blue is tinting the southern atmosphere and is fading from the north.
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AboveSaturn_PIA17474.jpgPicture of Saturn and ringsIt is view never seen from EarthI especiallyly like this picture -- bullseye rings[Circling the N pole is an unusual 6-sided feature we call "the Hexagon"SATURN2nd largest planet in our Solar Systemlargely hydrogenno solid surfacefloat in big bathtub



Naming Contest for Final orbits: 
Cassini Grand Finale 

Presenter
Presentation Notes
Second star to the right and straight on till morning.“Cassini Grand Finale” is the new name describing Cassini’s last, daring set of orbits when the spacecraft’s fuel gauge will be nearly on empty. In the spring of 2017, Cassini will embark on repeated dives into the region between the rings and Saturn where no spacecraft has gone before.During these passages, Cassini will determine the composition and density of ring particles and of Saturn’s atmosphere, in addition to measuring magnetic and gravity fields probing Saturn’s internal structure and determining the mass of the rings.  It will also record the closest-ever views of the planet and rings.Finally, on September 15, 2017, a final plunge into Saturn will vaporize Cassini. The mission’s planned ending protects the potentially habitable oceans underneath the icy crusts of the moons Titan and Enceladus from inadvertent contamination by any Earthly organisms.  
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7 seconds of terror every seven days for 22 orbitsFeel like I am looking out from the deck of the Enterprise.
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FY14    FY15    FY16     FY17 
Cassini’s Final Four Years:  Unique Science 

• Explore new seasons at Saturn and 
Titan until northern summer solstice 
 

• Titan:  Look for waves on lakes and 
seas; measure depth of largest lake 
 

• Enceladus:  Sample plume at maximum 
emission for first time; best high 
resolution view of north pole 
 

• Rings:  Best lighting angle on lit rings 
(spring 2015 onward) 
 

• Late, close orbits provide completely 
new, in-situ measurements 
 

• 2014-2016 accomplishes great science 
while setting up proper orientation of 
final orbits 
 

• Without Cassini, these types of 
observations could not be fulfilled for 
decades to come 

Presenter
Presentation Notes
One of the advantages of inserting a multi-instrumented spacecraft, such as Cassini, into orbit around a planet is the long-term continuity of scientific data, enabling changes over time to be monitored and analyzed. Monitor exactly the same mechanisms exist at Earth, where the possible long-term effects of solar cycles on Earth’s climate evolution are debated.4 years remaining in Cassini Solstice MissionMultiple flybys of Titan (37), Enceladus (3), and other icy satellites100 inclined and equatorial orbits viewing the Saturn system in an entirely new seasonUnique end-of-mission orbits close to SaturnAddress new questions raised by CassiniPrepare for future missionsStrong support from international team of scientistsFY14 – FY16 only29 close Titan flybys17 Radar6 Gravity / Radio Science2 Fields and Particles (4 Optical Remote Sensingand complementary measurements on 5 of the other flybys)3 close Enceladus flybysBest direct sampling and stellar occultation of near-maximum plume outputHigh resolution south pole heat fluxesBest-ever mapping of northern hemisphere2 (of 5 total) close Dione flybysInterior structureFields and particles environmentOver 50 other significant non-targeted encounters17 Enceladus plume monitoring*, 11 Enceladus general, 9 Dione, 5 Mimas, 3 Rhea, 3 Tethys, 1 Daphnis, 1 Polydeuces, 1 Aegaeon (G ring arc)



100th Titan Flyby: Oh, The Gravity Of It All 

Note that the data presented here is minimally processed and is undergoing refinement and analysis 

Radio Science shines on this 100th pass to: 
1) improve the measurement of tides to confirm the presence of a global subsurface ocean 
2) determine the exact shape and the presence of large scale gravity anomalies 
3) determine the rheology of how the icy crust changes 

Radio signal 

Doppler signal 
(for Titan gravity) 
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http://saturn.jpl.nasa.gov
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Cassini Detects Enceladus Ocean:  
A Habitable World?  

Saturn’s moon Enceladus harbors 
a large, 6-mile deep underground 
ocean of liquid water, indicated 
by gravity measurements by the 
Cassini spacecraft and Deep 
Space Communications network. 
 
• Radio measurements of Enceladus’ 

gravity indicate an interior reservoir of 
liquid water, which may be connected to 
water jets gushing from fractures near 
the small moon’s south pole.  
 

• The newly reported finding validates the 
inclusion of Enceladus among the most 
likely places in our solar system to 
potentially host life.  

 
 

“The Gravity Field and Interior Structure of Enceladus,” Luciano Iess, et al., Science, April 4, 2014 
 

Ocean 

Ice Crust 

Water jets  

Presenter
Presentation Notes
NASA Space Assets Detect Ocean inside Saturn MoonNASA's Cassini spacecraft and Deep Space Network have uncovered evidence Saturn's moon Enceladus harbors a large underground ocean of liquid water, furthering scientific interest in the moon as a potential home to extraterrestrial microbes.Researchers theorized the presence of an interior reservoir of water in 2005 when Cassini discovered water vapor and ice spewing from vents near the moon's south pole. The new data provide the first geophysical measurements of the internal structure of Enceladus, consistent with the existence of a hidden ocean inside the moon. Findings from the gravity measurements are in the Friday, April 4 edition of the journal Science."The way we deduce gravity variations is a concept in physics called the Doppler Effect, the same principle used with a speed-measuring radar gun," said Sami Asmar of NASA's Jet Propulsion Laboratory in Pasadena, Calif., a coauthor of the paper. "As the spacecraft flies by Enceladus, its velocity is perturbed by an amount that depends on variations in the gravity field that we're trying to measure. We see the change in velocity as a change in radio frequency, received at our ground stations here all the way across the solar system."The gravity measurements suggest a large, possibly regional, ocean about 6 miles (10 kilometers) deep, beneath an ice shell about 19 to 25 miles (30 to 40 kilometers) thick. The subsurface ocean evidence supports the inclusion of Enceladus among the most likely places in our solar system to host microbial life. Before Cassini reached Saturn in July 2004, no version of that short list included this icy moon, barely 300 miles (500 kilometers) in diameter."This then provides one possible story to explain why water is gushing out of these fractures we see at the south pole," said David Stevenson of the California Institute of Technology, Pasadena, one of the paper's co-authors.Cassini has flown near Enceladus 19 times. Three flybys, from 2010 to 2012, yielded precise trajectory measurements. The gravitational tug of a planetary body, such as Enceladus, alters a spacecraft's flight path. Variations in the gravity field, such as those caused by mountains on the surface or differences in underground composition, can be detected as changes in the spacecraft's velocity, measured from Earth.The technique of analyzing a radio signal between Cassini and the Deep Space Network can detect changes in velocity as small as less than one foot per hour (90 microns per second). With this precision, the flyby data yielded evidence of a zone inside the southern end of the moon with higher density than other portions of the interior.The south pole area has a surface depression that causes a dip in the local tug of gravity. However, the magnitude of the dip is less than expected given the size of the depression, leading researchers to conclude the depression's effect is partially offset by a high-density feature in the region, beneath the surface."The Cassini gravity measurements show a negative gravity anomaly at the south pole that however is not as large as expected from the deep depression detected by the onboard camera," said the paper's lead author, Luciano Iess of Sapienza University of Rome. "Hence the conclusion that there must be a denser material at depth that compensates the missing mass: very likely liquid water, which is seven percent denser than ice. The magnitude of the anomaly gave us the size of the water reservoir."There is no certainty the subsurface ocean supplies the water plume spraying out of surface fractures near the south pole of Enceladus, however, scientists reason it is a real possibility. The fractures may lead down to a part of the moon that is tidally heated by the moon's repeated flexing, as it follows an eccentric orbit around Saturn.Much of the excitement about the Cassini mission's discovery of the Enceladus water plume stems from the possibility that it originates from a wet environment that could be a favorable environment for microbial life."Material from Enceladus’ south polar jets contains salty water and organic molecules, the basic chemical ingredients for life," said Linda Spilker, Cassini's project scientist at JPL. "Their discovery expanded our view of the 'habitable zone' within our solar system and in planetary systems of other stars. This new validation that an ocean of water underlies the jets furthers understanding about this intriguing environment."



Cassini Discoveries 
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tiny Enceladus is only 300 miles across, 10x smaller than Titanbright surface, very few craters, indicates a very young surfaceEncel S pole was in darkness for Voyager, so Cassini gave our first views of itsee remarkable bluish fractures, nicknamed "tiger stripes"who could have guessed what we found coming out of those tiger stripes???I was surprised along with everyone else!
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Here is a close-up of the tiger stripe area, taken backlit to enhance what we foundEnceladus is shooting jets of mostly water vapor & water ice particles into space!like Yellowstone geysers, only coldflew through them to measure composition:carbon dioxidemethaneammoniasaltsall the fundamental elements of life!Cassini found a water ocean beneath the tiger stripe area, supplying the jets5-6 miles thick, 20 miles below the surfacefree samples!  --  future mission to sample plume, looking for lifeSpeaking of backlit  --  only a handful of times during the mission, Cassini entered Saturn's shadowthis gives us backlit views of the Saturn system, and here's what we seeEnceladusPlumes_PIA11688.jpgMulti-disciplinary studies of the jets and plume including optical remote sensing, and in situ sensing by INMS, CDA, MAG, RPWS and CAPS, are all needed to understand Enceladus and how the E ring material influences the magnetosphere, other bodies in the Saturn system, and the interactions between them.    Understanding Enceladus’ south polar jets is crucial to our understanding of its subsurface liquid water and possible habitability, including organic material, energy and nutrients to sustain life in our solar systemKey Questions from Vision and Voyages for Planetary Science 2013-2022:  “Beyond Earth, are there today, elsewhere in the solar system habitats with necessary conditions, organic matter, water, energy, and nutrients to sustain life, and do organisms live there now?”Understanding Enceladus’ south polar jets is crucial to our understanding of its subsurface liquid water and possible habitability in our solar systemFirst direct probe of maximum Enceladus plume output with targeted Enceladus flyby and a stellar occultation to measure maximum gas emissions, both  in 2016Energy crisis—16 gigawatts of power measured by Cassini is far more than can be accounted for by tidal heating. Need to separate out solar contribution by measuring the excess hear when the south polar region is completely in darkness—2016/2017.Why is the north pole not active? Gravity and limb data suggest a mass deficit in the south—is it matched in the north by an excess of mass, as some models of the ocean would suggest? Need limb profiles of the north polar region to test this, which requires seeing the north pole in sunlight (2016-17) Complete gravity studies of Dione and obtain closest flybys ever of small moons



“Supernova” Science At Saturn 
The next best thing to a spacecraft orbiting a supernova is Cassini being present for the first ever observation of near-

relativistic electrons accelerated within Saturn’s bowshock (represented by blue region in the graphic below).  
 
Electrons were accelerated to ultra-high, 
relativistic energies when an unusually 
strong blast of solar wind compressed 
the bowshock, the region where Saturn’s 
magnetosphere meets the solar wind. 
 
This event is similar to shock-
acceleration of particles taking place 
around supernovas and may be the 
dominant source of high-energy cosmic 
rays  that pervade our galaxy. 
 
Cassini data is providing unprecedented 
insights into how energetic particles are 
generated at supernova boundaries. 

Masters, A., et al., Nature Phys. 9, 164–167, (2013)  

This artist's concept illustrates Saturn's invisible magnetic field lines 
(gray) and the invisible bowshock (blue) where Saturn's magnetic field 
is compressed by the incoming super-sonic solar wind. 



Bouncing Radio Signals Off Titan Seas 

• Three firsts for Cassini Radio Science (RSS) 
• First time bouncing a RSS radio signal off from Titan seas (bistatic experiment) 
• First ever detection of Ka-band echoes off of Titan during a RSS bistatic experiment 
• First radio occultations of Titan’s atmosphere with new “2-way” radio science mode 

• Bistatic experiments yield information on a surface’s electrical properties, and in turn 
composition, and on surface roughness 

• Occultations provide information on the thermal structure of the atmosphere 

First Earth-based detection of RSS bistatic echoes from Titan seas 

Cassini’s Radio Science Team: science operations in real-time 
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 “Shishi Odoshi” Effect Controls the Frequency of Filling 
and Flushing Saturn’s Magnetosphere 

Cassini data have shown that Saturn’s magnetosphere fills with material from 
Enceladus’ jets and Saturn’s rings. Some of this mass becomes ionized by sunlight 
and migrates to Saturn’s night side where it stretches out the magnetotail and is shed 
from the system. With the mass unloaded, the magnetosphere elastically returns to 
its co-rotating flow around the planet.  The period is estimated to take 8 to 31 hours. 

New research suggests that this cycle may 
speed up by hours when, for example, 
Enceladus is more active, or near the 
Saturnian solstice (when more of the rings 
are in sunlight) or near solar maximum (when 
the Sun is brightest). 

“Saturn’s Magnetospheric Refresh Rate” A.M. Rymer, D.G. Mitchell, T.W. Hill, E.A  Kronberg, N. 
Krupp and C.M. Jackman, 2013.  Geophysical Review Letters, 40, 2479-2483. 

A “shishi odoshi” collects dripping water and 
when full, tips to empty its load. It returns to its 
resting state for the process to repeat. A faster 
flow of water means the bamboo tips more 
often. 

A greater rate of mass flow into Saturn’s 
magnetosphere will increase the frequency of 
mass unloading and restoration of the 
magnetosphere to its “refill” state.  

Mass-loaded state 

‘Mass-unloaded’ state 



Tracking ‘Space Weather’ from the Sun to Saturn:  
Cassini Sees the Birth of an Aurora 

A major solar wind 
disturbance is on its way 

Evidence of newly energized 
particles is seen by MIMI’s Ion and 
Neutral Camera 

Quiet aurora is 
observed on 
Saturn in the 
infrared before 
the storm 

A burst of radio emission, a 
known response to solar 
wind activity, is detected by 
the radio and plasma wave 
instrument 

Ultraviolet scans of the 
north pole reveal how the 
atmosphere responds to 
the arrival of the solar 
disturbance 

Hubble Space Telescope 
captures the same event 
from across the solar 
system 

How does a disturbance from the sun energize a planetary environment 
different from the Earth?  Where do similarities lie and differences begin? 
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