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Saturn 215_216 Legacy
Segment Summary

• Saturn_215_216 was a ~19.5 day segment in the second equatorial phase (EQ-2) of the Solstice 

Mission, encompassing both apoapse and periapse.  For the majority of the segment, Saturn was 

observed at high phase angles.    

• This segment was noteworthy in that on DOY 274 it contained the final planned suite of three joint 

VIMS and RADAR observations which comprised the Saturn Working Group’s Deep Atmospheric 

Campaign.   The observations were meant to reveal the meteorological role that ammonia plays in 

Saturn’s atmosphere and how the atmosphere has changed in the aftermath the Great Storm of 

2011/2012 (See Science Highlights, pages 14-15, and “Notes on the Deep Atmosphere Campaign”, 

page 16).  The high value data acquired warranted a “dual playback” of those data (See page 26), 

one of only a few such playbacks performed a Saturn TWT segment, over the entire course of the 

mission,. 

• The segment was otherwise dominated by standard ORS templated mapping activities.  UVIS led in 

the activity count, with multiple auroral slew/stare and EUV/FUV mapping observations.  CIRS led a 

number of Far-IR, Mid-IR and compositional (COMPSIT) mapping activities.  ISS performed a Saturn 

“feature track” observation, but otherwise concentrated on out-of-discipline activities – two Titan 

Monitoring Campaigns and an observation of the irregular moon Paaliaq. The other out-of- discipline 

activities included a MAG Cal Roll and an engineering OPNAV.

• There were a number of DSN/changes/upgrades made to accommodate science data volume, 

including those to facilitate the Deep Atmosphere dual playback.

• There were no ORS boresight to Sun constraints/issues in this segment. 
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Saturn 215_216 Legacy
Final Sequenced SPASS (1 of 3)
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Saturn 215_216 Legacy
Final Sequenced SPASS (2 of 3)
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Saturn 215_216 Legacy

Final Sequenced SMT and Data Volume (1 of 3)
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Saturn 215_216 Legacy

Final Sequenced SMT and Data Volume (2 of 3)
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Saturn 215_216 Legacy

Final Sequenced SMT and Data Volume (3 of 3)
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Saturn 215_216 Legacy

Segment Geometry (1 of 2) 
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Saturn 215_216 Legacy

Segment Geometry (2 of 2) 
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Saturn 215_216 Legacy
Solar Geometry – ORS Boresight Concerns

No ORS Boresight Solar Constraints on Science Pointing
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Saturn 215_216 Legacy
Daily Science Highlights (1 of 4)

DOY 131 (11 May 2015): The Saturn_215_216 segment began on this day.  In addition to the MAPS instruments setting up their 

instruments to survey the outer magnetosphere, MAG executed a calibration roll.  UVIS rode along, mapping out the distribution of 

interplanetary hydrogen across the sky.

DOY 132 (12 May 2015): UVIS began the day’s science activities with a coordinated observation of Saturn’s aurora.  Following a nine-hour 

downlink, UVIS turned back to Saturn to map out the planet’s disk in the ultraviolet.  ISS simultaneously imaged the planet with its wide angle 

camera through its polarization filters while CIRS acquires mid- and far infrared spectra at moderate spectral resolution.

DOY 133 (13 May 2015): After UVIS’ EUVFUV observation of Saturn, CIRS trained its far infrared detector on Saturn and continuously 

scans across the planet’s disk for twenty-two hours to map out temperatures in Saturn’s upper troposphere and tropopause.

DOY 134 (14 May 2015): DOY 134 began with a downlink to relay the previous’ days observations.  VIMS then trained its telescope at Saturn 

to observe the aurora at Saturn’s southern polar regions.  CIRS, ISS and UVIS took auroral data at the same time.

DOY 135 (15 May 2015): Following VIMS’ stare at Saturn’s southern aurorae, UVIS took a turn imaging the aurorae in own fashion, 

repeatedly slewing across the entire auroral oval.  Following a downlink, CIRS stared at Saturn to derive atmospheric composition.

DOY 136 (16 May 2015): As the day began, CIRS completed the previous day’s COMPSIT observation before the spacecraft was commanded 

to turn its high gain antenna back to Earth to relay data.  At the end of DOY 136 UVIS executed another EUVFUV observation, producing 

spectral images of the planet.

DOY 137 (17 May 2015): Following the end of the UVIS observation CIRS executed a dedicated stare at a particular latitude on Saturn to 

derive temperatures using its mid-infrared sensors.  This observation rounded out the day’s science activities.

DOY 138 (18 May 2015): Most of DOY 138 was taken up with the continuation of the CIRS MIRMAP and a downlink.  The day ended with 

the start of a day-long ISS observation of Paaliaq, one of Saturn’s distant irregular moons.  This observation will help determine Paaliaq’s

rotation rate and shape.

DOY 139 (19 May 2015): At the conclusion of ISS’ Paaliaq observation, VIMS turned towards Saturn’s poles to observe the southern aurora at 

high spatial resolution.
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Saturn 215_216 Legacy
Daily Science Highlights (2 of 4)

DOY 140 (20 May 2015): After VIMS completed its auroral imaging UVIS slewed repeatedly across Saturn’s auroral oval in an observation 

intended to complement the VIMS auroral imaging.  After the previously recorded data are relayed to Earth Cassini turned towards Titan to 

monitor that moon for changes in its dynamic atmosphere.  The day concluded with UVIS imaging Saturn in the ultraviolet.

DOY 141 (21 May 2015): DOY 141 saw the conclusion of the UVIS ultraviolet imaging started the previous day and a CIRS stare at a 

determined location to derive compositional information in the infrared.

DOY 142 (22 May 2015): Following CIRS’ compositional stare Cassini’s cameras took images of distant objects intended to help determine 

the spacecraft’s precise location in orbit around Saturn.  After a downlink CIRS then pursued a nearly day-long observation staring at a chosen 

latitude to derive more compositional information.

DOY 143 (23 May 2015): Following the completion of the CIRS MIRMAP which began the day before UVIS and then VIMS took turns 

observing Saturn’s southern aurorae.

DOY 144 (24 May 2015): At the conclusion of VIMS’ auroral stare the spacecraft turned to Earth to downlink the bounty of data collected 

during the previous two days.  Science activities resumed with UVIS imaging Saturn in the ultraviolet.  These repeated ultraviolet mappings 

are meant to determine how the planet’s appearance changes with observing geometry so that scientists can use it to study Saturn’s atmospheric 

make-up.

DOY 145 (25 May 2015): The next science observation after the UVIS EUVFUV was a sixteen-hour ISS observation intended to image a 

variety of latitudes on Saturn at a range of zenith, or emission, angles.  The other optical remote sensing instruments came along for the ride.

DOY 146 (26 May 2015): As the day began, the spacecraft was relaying data to Earth.  Following this downlink VIMS began taking repeated 

mosaics of Saturn through 1.5 rotations of the planet over the course of 19 hours.

DOY 147 (27 May 2015): DOY 147 saw the first in a set of three joint VIMS and RADAR observations which comprised the Saturn Working 

Group’s Deep Atmosphere campaign.  This observation campaign was intended to reveal the meteorological role that ammonia plays in 

Saturn’s atmosphere and how the atmosphere has changed in the aftermath of the Great Storm of 2010/2011.  VIMS’s role in this study is to 

detect NH3 condensates (i.e. clouds) and determine wind conditions as it takes mosaics of the planet every 90 minutes.  This suite of 

observations, which represented one of the highest value science goals for the Saturn Working Group, was protected via a dual playback, 

which was a first for the SWG.  It was the third and final such observation suite planned for the remainder of the Cassini mission.
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Saturn 215_216 Legacy
Daily Science Highlights (3 of 4)

DOY 148 (28 May 2015): The next observation in the Deep Atmospheres campaign, a global radar map, started on this day.  RADAR mapped 

out the ammonia concentrations as the planet rotated beneath the spacecraft.

DOY 149 (29 May 2015): VIMS finished off the Deep Atmospheres campaign set of observations, bracketing the RADAR measurements in 

order to document any changes in wind conditions over the course of the observation suite.  After the Deep Atmosphere campaign data were 

sent back to Earth Cassini turned towards Titan to look for any recent changes in its atmosphere.  The day was rounded out by UVIS focusing 

again on Saturn’s aurorae.

DOY 150 (30 May 2015): A short downlink initiated the second playback the first 31.5 hours of the Deep Atmospheres campaign.  It was the 

largest dual playback ever attempted by the Cassini project.  Following this downlink, VIMS performed a mosaic of the planet’s northern 
auroral region, as CIRS, ISS and UVIS simultaneously took data as well.  During the final downlink of the Saturn_215_216 segment RSS 

executed an operational readiness test over Madrid’s DSS-55 station in anticipation of their D4 Dione gravity experiment on DOY 167.
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Saturn 215_216 Legacy
Daily Science Highlights (4 of 4)

Notes on the Deep Atmosphere Campaign

Some salient points about the Deep Atmosphere Campaign (taken from K. Baines and M. Janssen):

•(1) The Deep Atmosphere Campaign was the highest-priority science for Saturn for the Extended and Solstice Missions, as evidenced by the very large 

number of PIE hours spent to secure it.  Thirty percent of the Saturn PIE budget was spent on this, with ~10% of the budget spent on each of the 3 

observations comprising the total Campaign.

•(2) This, the third observation set, is the "last and final" opportunity.  There are no others scheduled, and it is really unthinkable that another one could be 

scheduled, as these require equatorial orbits with back-to-back observations centered on Saturn periapse that span nearly two days. 

•(3) Saturn cooperated tremendously by producing the most powerful storm ever seen on Saturn just as this campaign began. (As one piece of evidence of 

this statement: the thunderstorm lofted water more than 200 km from the depths where it freely exists to the very upper atmosphere where it showed up as 

condensed ice.)  Deep Campaign #1 actually was able to observe the storm in the act.  A surprising behavior of the storm discovered by RADAR is that the 

storm dried out the atmosphere of nearly all ammonia vapor as it progressed westward. The atmosphere lost virtually all of its clouds as well.  A follow-up set 

of ammonia vapor observations in Campaign #2 was collected by RADAR in January 2012, showing how the atmosphere looked just after the storm stopped.  

However, that data was lost, as thunderstorms over Spain disrupted the signal.  The Saturn Working Group was dismayed by the loss of 13% of its PIE 

science; the aftermath of the Great Storm is of paramount interest, and it was a disaster to lose the entire map.

This final campaign #3 was a chance to once again investigate the storm's aftermath and observe the extent to which the dried-out atmosphere has 

recovered.  Has "Saturn's desert" created by the storm 4 years ago recovered?  Ancillary VIMS observations of "Storm Alley" indicate it probably has not: it is 

still remarkably clear of aerosols and clouds. Other than the 2010-2011 storm the remainder of the atmosphere has remained remarkably stable throughout 

the 2005-2011 time period.  Yet, this stability appears to contradict Earth-based measurements obtained in the 1990s, and we have a chance in the 

upcoming mapping campaign to significantly extend our base for stability or to discover a transition to a new regime.

•(4) The campaign was comprised of two VIMS full-rotation maps bracketing a RADAR full-rotation observation that is centered at periapse. This gave 

RADAR the highest possible spatial resolution it could get, which only is comparable to the other remote sensing instruments near periapse. RADAR –

passively observing Saturn's 2-cm radiation – was very sensitive to absorption by ammonia vapor, a key component of Saturn's meteorology and a prime 

constituent of several different cloud layers (e.g. ammonia hydrosulfide, ammonia-water solution clouds, and condensed ammonia clouds itself). However, 

RADAR can not see the clouds themselves.  Complementary VIMS observations allow scientists to determine the cloud content.

Working together RADAR and VIMS could get both the gaseous component and the non-gaseous (liquid or ice) components of ammonia within and around 

the clouds, information which can provide unique insights into Saturn's meteorology and vertical circulation.  But to do this correctly, the two data sets needed 

to be co-aligned by taking the winds into account.  The two sets of VIMS images - taken before and after the RADAR observation – allow us to interpolate 

and tell exactly what the cloud content was over every spot that RADAR gets ammonia humidity for.
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Saturn 215_216 Legacy

Segment Integration Planning
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Saturn 215_216 Legacy
Timeline Gaps and Suggested Observations

Suggested Observation: UVIS/VIMS-ISS Auroral Stare/Slew

Suggested Observation: UVIS/VIMS-ISS Auroral Stare/Slew

Suggested Observation: UVIS/VIMS-ISS Auroral Stare/Slew

Suggested Observation: VIMS Global Map, VIMS Auroral Stare

Suggested Observation: VIMS Auroral Stare
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Saturn 215_216 LegacyInitial SMT and Data Volume (1 of 3)

Beginning of Integration:
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Saturn 215_216 LegacyInitial SMT and Data Volume (2 of 3)

Beginning of Integration:
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Saturn 215_216 LegacyInitial SMT and Data Volume (3 of 3)

Beginning of Integration:
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Saturn 215_216 Legacy
Waypoint Selection
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Saturn 215_216 Legacy
Waypoints Chosen

Waypoint 3-6 (2015-134T18:40 – 140T07:07):        NEG_Y to Saturn, POS_Z to NSP

Waypoint 1-2 (2015-131T18:30 – 134T07:30):        NEG_Y to Saturn, NEG_X to NSP
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Saturn 215_216 Legacy
Waypoints Chosen

Waypoint 6-9 (2015-140T07:00 – 146T00:30):        NEG_Y to Saturn, POS_Z to NSP

Waypoint 10-13 (2015-146T11:00 – 150T16:45):        NEG_Y to Saturn, NEG_X to NSP
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Saturn 215_216 Legacy
Notes (1/2)
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Saturn 215_216 Legacy
Notes (2/2)
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Saturn 215_216 Legacy
Liens
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Saturn 215_216 Legacy
Dual Playback (Saturn 215_216)


