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Foreword

The purpose of the target notebook is to provide the end user with a “one stop shop” for
information about the target from a CIRS perspective — from the planning of each observation and
its science intent to collection of the data and its quality. The goal of this effort is to enable better
use of the CIRS dataset archived at the Planetary Data System.

The notebook contains the following sections: Introduction, Planning, Data Collection, Database
Contents, and Publications/Science Research generated by the dataset. The Introduction section
discusses the science objectives, descriptions of the observation types and their intent. The
Planning section contains a time ordered listing of all the observations planned with a suite of
supporting files that provide plots, pointing, and instrument commanding for each observation. The
Data Collection section provides the user with information about the data that was collected with a
comparison to what was planned and a commentary on any lost data. The Database contents
section provides a discussion of the data in the database at PDS at a high level — what was
calibrated, what was not, and why as well as a brief commentary the challenges in calibrating the
data. The final section — Publications/Science Research provides the user with a list of publications
for the target, a high level description of the science analysis undertaken with contact information
for those CIRS team members involved.
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1. Summary: Observing Saturn’s Rings with CIRS
a. Philosophy
2. CIRS Rings Objectives and Traceability Matrix

a. Key science objectives for the rings:
CIRS has provided major advances over previous spacecraft infrared observations of

Saturn’s rings in three respects: the extension of the spectral range to sub-millimeter
wavelengths; the higher spatial resolution on the rings as result of closer proximity
during the Cassini tour, as well as of a linear detector array with much finer spatial
resolution in the mid-infrared; and the temporal extent of the mission, which provided
greatly improved sampling in illumination and viewing geometries. With its enhanced
capabilities, CIRS addressed many of the rings science objectives of the Cassini mission,
particularly those pertaining to radial thermal structure, ring optical depth in the mid-IR,
ring particle thermal properties and rotation states, ring-scale properties including
vertical structure, and thermal roll-off in the sub-millimeter. The key CIRS ring science
objectives are listed below and each one is discussed in the Science Results section.

i. Ring Thermal Structure: Determine Saturn’s ring thermal structure and how the
ring temperatures vary with ring optical depth, solar elevation, phase angle, azimuth
angle and distance to the planet. What is the source of the temperature variations?
Determine the azimuthal asymmetries in the rings, apart from the diurnal
cooling/heating cycle. What is their origin?

ii. Ring optical depth at mid-IR wavelengths: Determine the variation of ring
optical depths at mid-IR wavelengths and compare to UV and near-IR optical depths.

iii. Particle-scale Properties: Determine key particle properties such as Bond
albedo, thermal inertia and particle spin. On what factors do they depend?
Determine the distribution of particle spins of the ring particles. What does this
distribution tell us about local dynamics? Compare the diurnal and seasonal thermal
inertia and any differences between them.

iv. Ring-scale Properties: Determine the volume filling factors for the rings. Search
for an opposition surge in the thermal infrared. Is it driven by mutual shadowing
alone? Determine vertical temperature gradient between lit and unlit sides of the
rings. What does this tell us about the ring vertical structure and dynamics?
Determine the ring thermal inertia and compare it to the particle thermal inertia. Does
it change with seasons ?

v. Regolith Properties deduced from CIRS Emissivity Roll-off: Determine
the wavelength of the roll-off in ring emissivity. What do we learn from this roll-off
about particle structure and composition?

b. Tracing Ring Science Objectives

The original Announcement of Opportunity (AO) and the Cassini Traceability Matrix
(TM) were developed for the Equinox and Solstice missions. Each CIRS ring science
objective (above) can be paired with either an AO or TM science objective (Table 1).
Assessement of these objectives are shown in Table 2.

Table 1: AO and TM Science Objectives




Ring Structure and Dynamics (R_AO1) - Study configuration of the rings and
dynamical processes (gravitational, viscous, erosional, and electromagnetic)
responsible for ring structure.

Changing Rings (RC1la) - Determine the production mechanisms of spokes, and
the microscale properties of ring structure, by observing at the seasonally maximum
opening angle of the rings near Solstice.

Ring Temporal Variability (RC1b) - Understand the time-variability of ring
phenomena on decadal timescales (Encke gap, D ring, ring edges, etc) by
substantially increasing the time baseline of observations.

F Ring (RC2a) - Focus on F Ring structure, and distribution of associated
moonlets or clumps, as sparse observations show clumps, arcs, and possibly transient

objects appearing and disappearing.

Table 2. CIRS Ring Science Assessment: AO and TM Objectives are paired with CIRS Science

objectives. Green = fully/mostly accomplished; Yellow = partially accomplished.

Comments if

AO and TM | CIRS Ring | yellow
Science Science (partially
CIRS Ring Science Objectives Objectives Assessment | fulfilled)

Ring Thermal Structure

--- Radius and Ring Optical Depth

R_AO1, RC1a

--- Solar elevation

R_AO1, RC1a

--- Phase angle

R_AO1, RC1la

--- Ring Equinox temperatures

R_AO1, RCla

--- Azimuthal dependence

R_AO1, RC1a

Ring optical depth at mid-IR wavelengths

R_AO1, RC1la

Particle-scale Properties

--- Bolometric Bond Albedo

R_AO1, RCla

--- Particle Spin

R_AO1, RCla




--- Diurnal Thermal Inertia R_AO1, RCla

--- Seasonal Thermal Inertia and Particle
Size R_AO1, RCla

--- Average Thermal Emissivity R_AO1, RC1la

Ring-scale Properties

--- Volume Filling Factors of Aand Brings | R_AO1, RC1la

--- Opposition Surge R_AO1, RCla

--- Energy budget and heat transfer in B
ring R_AO1, RCla

--- Thermal Properties, Thickness and
Surface Mass Density of B ring R_AO1, RCla

--- Self-gravity wakes in the A ring R_AO1, RCla

Regolith Properties deduced from CIRS
Emissivity Roll-off

---  Thermal Emissivity Roll-off at
Submillimeter wavelengths R_AO1, RCla

F ring Clumps RC2a

3. Description of Observation Types
a. Overview:

Most CIRS observations of the rings were taken with the FP1 focal plane at a resolution
of 15.5 cm-. Shortly after SOI we found that most mid/far-IR spectra of the rings could be
very well characterized by a temperature and scalar emissivity factor, and this influenced
the choice of resolution thereafter.

Early in PM we determined that there were not many spectral features in the rings in FP1,
and that FP3 didn't generally have good enough S/N to see them. Focus in the ring team



shifted nearly completely into obtaining information on ring emission after characterizing
it by the Planck function fit.

Observation campaigns and objectives changed during the mission, as data were acquired
and analyzed, and as our picture of the rings changed. Design campaigns were re-
organized between the several major segments of the mission which we broadly label as
the Prime Mission (00A-073), XM (074-109), Equinox (109-139), Solstice (124-243),
and FProx (244-292). Note that, according to project documention, our category of
"Equinox" fits into the end of the extended mission, and our category of "F-Prox" fits into
the end of the Solstice mission.

Broad constraints applied throughout the mission. At low sub-spacecraft latitudes
(considered to be 10 degrees in main mission, but later relaxed as the team grew more
adventurous), it is not possible to observe far from the Ansa. Radial scans at the Ansa
maximize the signal. Observations at high sub-spacecraft latitudes have been harder to
obtain time for, and are planned accordingly. A brief history of this evolution is
presented below.

. PRIME MISSION:

Originally, prime mission observations were planned using the model of the rings as
consisting of independent little orbiting moonlets, each of which had a spin and could be
analysed in the same manner that had worked for icy moons. The observations for prime
mission were divided up according to what they would reveal about particle properties
under this paradigm. There were broadly three categories of observation:

i. thermal inertia and spin campaign: SHAD and VERT observations were designed as
scans near the shadow and radial scans that would allow one to fit cooling curves to
particles.

1. Observation Type: SHADU*, SHADL*, SHADA*, SHADC*, SHAD*CAS*
Prime Instrument: CIRS
Usual Riders:
Number of Observations
18 SHADL
6 SHADU
4 SHAD*CAS
3 SHADA,SHADC*

These were all main mission campaigns intended to investigate heating and
cooling of particles at representative radii in the main rings as they went through
the shadow region. These were originally designed for purposes of fitting cooling
curves under the assumption that CIRS was seeing emission from rotating particle
models. The intention was to constrain particle thermal inertia and size
distribution.

The naming convention for most of these observations has a 'U’ (or sometimes
'UL") for unlit or 'L' for lit following the 'SHAD' predicate. During the prime
mission 'U' is always the North side of the rings and 'L' the South side. Following
that is a rough classification of whether the data were at low, medium, or high
phase angle ('LP', MP", or 'HP").



In the early revs, before naming convention was established and observation
design templates elaborated, there were several observations labeled as 'SHADA',
'SHADC', and 'SHADCOUT'. These were all unlit side observations containing a
large number of footprints aimed at finding radial variation near shadow ingress,
in order to see whether temperature effects could be seen in the unlit A and C
rings.

There are additionally several 'SHADCAS' observations that were placed when
Cassini was at close enough range that the FP1 footprint fit entirely within the
Cassini division.

Pointing: These were FP1 to rings, and were mostly azimuthal scans at fixed
radius.

Instrument Parameters: These were all specifically designed for FP1, and mostly
taken at 15cm”-1 resolution.

List of observations:

Observation Start Time Duration

CIRS_00ARC_SHADAO001_PRIME 2004-302T09:00:00 000T03:00:00

CIRS_00ARC_SHADCINO001_PRIME 2004-302T07:15:00 000T01:45:00

CIRS_00ARC_SHADCOUTO001_PRIME | 2004-302T12:00:00 000T02:00:00

CIRS_000RI_SHADLMP001_PRIME 2004-184T22:00:00 000T02:45:00

CIRS_007RB_SHADLLP001_PRIME 2005-122T14:35:00 000T02:00:00

CIRS_011RC_SHADLLP001_PRIME 2005-194T00:00:00 000T04:00:00

CIRS_011RA_SHADLLP001_PRIME 2005-194T04:00:00 000T04:00:00

CIRS_031RC_SHADLMP001_PRIME 2006-300T00:30:00 000T08:30:00

CIRS_037RC_SHADLLP001_PRIME 2007-016T09:30:00 000T04:00:00

CIRS_037RB_SHADLLP001_PRIME 2007-016T13:30:00 000T05:00:00

CIRS_037RA_SHADLLP001_PRIME 2007-016T18:30:00 000T04:00:00

CIRS_039RI_SHADLMP004_PRIME 2007-048T15:50:00 000T08:25:00

CIRS_039RI_SHADLMPO005_PRIME 2007-049T15:55:00 000T01:35:00

CIRS_039RI_SHADLMP006_PRIME 2007-049T21:20:00 000T03:45:00

CIRS_041RI_SHADLMP001_PRIME 2007-082T01:20:00 000T10:20:00

CIRS_041RI_SHADLMP002_PRIME 2007-082T14:40:00 000T01:40:00

CIRS_062RB_SHADLLP001_PRIME 2008-083T18:20:00 000T05:30:00

CIRS_063RB_SHADLLP001_PRIME 2008-093T09:05:00 000T06:30:00

CIRS_074RI_SHADLMP001_PRIME 2008-182T20:00:00 000T04:00:00

CIRS_077RI_SHADLMP001_PRIME 2008-204T02:50:00 000T04:00:00

CIRS_098RI_SHADLMP001_PRIME 2008-362T09:09:00 000T21:11:00




L.

CIRS_010RC_SHADULHP001_PRIME | 2005-178T00:44:00 000T02:52:00

CIRS_010RA_SHADULHP001_PRIME | 2005-178T03:36:00 000T04:00:00

CIRS_031RC_SHADULMPO001_PRIME | 2006-301T22:00:00 000T02:00:00

CIRS_033RB_SHADULHP001_PRIME | 2006-326T22:00:00 000T03:00:00

CIRS_034RC_SHADULMPO001_PRIME | 2006-337T17:00:00 000T04:00:00

CIRS_064RI_SHADULMPO001_PRIME | 2008-101T16:00:00 000T02:45:00

CIRS_042RI_SHADLCAS001_PRIME 2007-098T17:10:00 000T00:55:00

CIRS_042RI_SHADLCAS002_PRIME 2007-098T19:40:00 000T02:05:00

CIRS_044R1_SHADCASO001_PRIME 2007-130T08:44:00 000T04:26:00

CIRS_066RI_SHADULCASO001_PRIME | 2008-120T23:30:00 000T09:40:00

Observation Type: VERTL, VERTU , VERTULCAS, VCAS, VENC
Prime Instrument: CIRS

Usual Riders:

Number of Observations

16 VERTL PM

24 VERTU PM

2 VERTULCAS PM

3 VCAS XM

3 VENC XM

These observations were designed as a campaign to observe the heating and
cooling properties of the rings farther from the shadow region than the SHAD
observations, with the idea that vertical structure of the rings might be
contributing to previously observed anomolous brightnesses on the afternoon
Ansa as heat dissipated through the ring from the lit to unlit side. Also the
possible modulation of temperature versus azimuth due to the distribution of
particle spin rate and orientation or due to self-gravity wakes was looked for.

The naming convention for these is similar to most of the main mission
campaigns in that the designator 'VERT"' is followed by a 'U' (or 'UL") or 'L' to
indicate whether of the unlit or lit side, then an indicator of 'LP', 'MP"', or 'HP' to
describe the phase regime it was taken at.

Almost all of these are azimuthal scans, although there are a few lit side
observations and one unlit one (rev 67) where large swaths of ring were covered
with quasi-radial scans in order to gain insight into the rings’ behavior at a large
number of radii instead of just the designated radii at which azimuthal scans were
usually done. Additionally, the very first lit-side VERT (rev 7) contains a large



number of footprints aimed at building a temperature map of both the shadow and
noon side regions of the rings.

The VENC and VCAS observations were designed in XM, at times when Cassini
was close enough to Saturn that the FP1 footprints fit inside the Cassini or trans-

Encke regions of the rings.

Pointing: These were all FP1 to rings, mostly azimuthal scans.

Instrument Parameters: Spectral resolution of 15cm”-1.

List of observations:

Observation

Start Time

Duration

CIRS_007RB_VERTLMP001 PRIME

2005-119T06:00:00

000T11:30:00

CIRS_007RB_VERTLMP003 PRIME

2005-120T16:30:00

000T09:30:00

CIRS 009RA_VERTLMP001 PRIME

2005-156T06:00:00

000T07:00:00

CIRS_009RI VERTLMP001 PRIME

2005-156T13:00:00

000T08:00:00

CIRS 009RA_VERTLLP001 PRIME

2005-158T02:00:00

000T11:00:00

CIRS 010RB_VERTLMP001 PRIME

2005-175T04:45:00

000T03:00:00

CIRS 010RC_VERTLLP001 PRIME

2005-176T01:00:00

000T04:00:00

CIRS 013RB_VERTLMP001 PRIME

2005-229T18:30:00

000T03:00:00

CIRS_033RI_VERTLMP001 PRIME

2006-324T09:45:00

000T03:15:00

CIRS_034RI_VERTLMP001 PRIME

2006-336T09:00:00

000T03:00:00

CIRS 034RI_VERTLLP001 PRIME

2006-336T14:50:00

000T04:40:00

CIRS 036RI_VERTLMP001 PRIME

2006-363T23:30:00

000T03:00:00

CIRS_037RI_VERTLMP001 PRIME

2007-015T18:00:00

000T02:00:00

CIRS_041RC_VERTLLP001_PRIME

2007-083T08:50:00

000T08:00:00

CIRS_066RI VERTLMP001 PRIME

2008-121T15:20:00

000T11:40:00

CIRS 072RI_VERTLLP001 PRIME

2008-169T12:00:00

000T03:55:00

CIRS_008RB_VERTULHP00I PRIME

2005-141T17:36:00

000T03:09:00

CIRS_008RI_VERTULHP003 PRIME

2005-141T23:40:00

000T01:50:00

CIRS_010RC_VERTULHP001_PRIME

2005-178T07:36:00

000T03:24:00

CIRS_030RA_VERTULMPO001_PRIME | 2006-287T07:50:00 | 000T01:45:00

CIRS_030RA_VERTULMPO001_PRIME | 2006-287T07:50:00 | 000T01:45:00

CIRS_033RB_VERTULHP001_PRIME | 2006-327T02:30:00 | 000T04:30:00




CIRS_034RI_VERTULMP001_PRIME

2006-337T04:30:00

000T05:45:00

CIRS_034RB_VERTULHP001_PRIME

2006-339T23:20:00

000T07:00:00

CIRS_041RC_VERTULHP001_PRIME

2007-079T15:15:00

000T04:25:00

CIRS_041RA_VERTULHP001_PRIME

2007-080T07:05:00

000T03:45:00

CIRS_043RB_VERTULMPO001_PRIME

2007-112T17:00:00

000T03:45:00

CIRS_043RB_VERTULMP002_PRIME

2007-111T07:50:00

000T05:40:00

CIRS_043RC_VERTULHP001_PRIME

2007-114T06:45:00

000T03:00:00

CIRS_044RA_VERTULMP002_PRIME

2007-128T13:15:00

000T06:30:00

CIRS_044RA_VERTULMP001_PRIME

2007-129T16:30:00

000T03:15:00

CIRS_057RI_VERTULMP001_PRIME

2008-025T20:50:00

000T08:00:00

CIRS 058RI_VERTULMP001 PRIME

2008-036T13:06:00

000T06:30:00

CIRS_061RI_VERTULLP001 PRIME

2008-069T12:21:00

000T08:00:00

CIRS 062RB_VERTULMP001 PRIME

2008-081T09:50:00

000T13:15:00

CIRS_065RI_VERTULMP001 PRIME

2008-109T15:48:00

000T06:00:00

CIRS_067RI_VERTULMP001_PRIME

2008-130T06:00:00

000T06:00:00

CIRS_071RC_VERTULLP001_PRIME

2008-158T12:41:00

000T05:00:00

CIRS_071RC_VERTULLP002_PRIME

2008-159T04:41:00

000T05:00:00

CIRS 072RI_VERTULMP001 PRIME

2008-167T05:10:00

000T01:20:00

CIRS_073RI_VERTULMP001_PRIME

2008-174T04:39:00

000T07:31:00

CIRS_087RI_VENCUNLPO001_PRIME

2008-275T17:13:00

000T07:59:00

CIRS_098RI_VENCLSHP001_PRIME

2008-361T16:27:00

000T05:32:00

CIRS_102RI_VENCUNMPO001_PRIME

2009-032T14:22:00

000T06:02:00

CIRS_056RI_VERTULCAS001_PRIME

2008-015T10:00:00

000T04:30:00

CIRS_057RI_VERTULCAS001_PRIME

2008-027T06:05:00

000T05:05:00

iii. radial structure campaign: SUBM and TEMP scans were designed to reveal radial
variation in ring structure or ice properties by scanning radially. SUBM were
originally designed as low latitude scans that would use high spectral resolution at
Ansa to maximize S/N and give information on whether a sub-millimeter rolloff
varied radially. TEMP scans were originally designed as higher latitude scans done at
a faster slew rate in order to reveal trends in temperature evolution.

1. Observation Type: SUBM[U,L]XX[LMH]
Prime Instrument: CIRS
Usual Riders:

Number of Observations:



28 SUBML (PM)
54 SUBMU (PM)
7SUBMS  (XM)
1 SUBMMLP (PM)
1 SUBMLVEN(PM)

These were originally planned as a campaign to collect radial scans slowly at high
spectral resolution in order to detect any variation in the sub-millimeter
wavelength region in the form of "rolloff" or spectral features. Given that the
radial scans were to be slow, it was anticipated that most of these observations
would only have one or maybe two scans, and during negotiations they were
preferentially placed in the timeline at low spacecraft elevations, where high
signal to noise could be obtained by looking at the Ansae.

Analysis showed that the S/N of FP1 is not good enough to see spectral features
without averaging together many spectra, and after rev 60 the observations were
conducted at lower resolution with faster radial scans, in order to supplement the
TEMP campaign.

The naming convention is that 'L' or 'U' follows the 'SUBM' designation, either
for 'Lit' or "Unlit' (which map to North and South, as all of these took place in
Prime Mission before the equinox). The characters after this indicate the
approximate latitude (sub-spacecraft elevation) and whether it was at low,
medium or high phase (LP, MP, HP).

Pointing:

Originally these were taken with FP1 to rings, and planned with R RAD LON
adjusted to a slow scan across either Ansa. Several of them have "COMP"-like

portions where they take many footprints at a particular location in the rings.
After rev 60 the scans are faster

Instrument Parameters:

The initial observations were at 0.5 or lcm”-1 resolution, with 15cm”-1 appearing
late in the prime mission.

List of observations:

Observation Start Time Duration

CIRS_00ARI_SUBMUO7LP001_PRIME | 2004-301T11:10:00 000T06:05:00

CIRS_00ARI_SUBMLO6HP001_PRIME | 2004-303T12:15:00 000T04:45:00

CIRS_006RI_SUBMLO7LP001_PRIME | 2005-104T06:25:00 000T03:55:00

CIRS_006RI_SUBMUO04HP001_PRIME | 2005-105T11:25:00 000T02:30:00

CIRS_007RI_SUBMU14HP001_PRIME | 2005-123T10:49:00 000T07:27:00

CIRS_008RI_SUBML20LP001_PRIME | 2005-140T11:00:00 000T07:00:00

CIRS_008RI_SUBMUI10HP001_PRIME | 2005-142T01:30:00 000T06:30:00




CIRS_009RI_SUBML20LP001 PRIME

2005-157T03:00:00

000T06:30:00

CIRS_009RI_SUBML20LP002 PRIME

2005-158T13:00:00

000T07:00:00

CIRS_009RI_SUBMUI15HP003_PRIME

2005-159T19:37:00

000T06:40:00

CIRS_026RI_SUBML07MP001_PRIME

2006-204T00:45:00

000T06:15:00

CIRS_026RI_SUBMUI15HP001_PRIME

2006-206T06:00:00

000T08:00:00

CIRS_028RI_SUBMU24MP001_PRIME

2006-253T06:00:00

000T05:30:00

CIRS 029RI_SUBMLI16MP001_PRIME

2006-267T20:30:00

000T06:30:00

CIRS 029RI_SUBMLI16MP001_PRIME

2006-267T20:30:00

000T06:30:00

CIRS_029RI_SUBMU36HP001_PRIME

2006-270T03:45:00

000T07:15:00

CIRS 031RI_SUBML20MP001_PRIME

2006-299T15:15:00

000T09:15:00

CIRS_031RI_SUBMUS50MP001_PRIME

2006-301T14:00:00

000T08:00:00

CIRS_032RI_SUBMUO07HP001_PRIME

2006-309T18:10:00

000T08:05:00

CIRS_032RI_SUBMLO07HP001_PRIME

2006-311T00:00:00

000T08:00:00

CIRS_033RI_SUBMLO07HP001_PRIME

2006-323T03:15:00

000T04:00:00

CIRS_034RI_SUBMUO07HP001_PRIME

2006-333T16:45:00

000T08:00:00

CIRS 035RI_SUBML52MP001_PRIME

2006-348T08:15:00

000T08:00:00

CIRS_035RI_SUBMU20MP001_PRIME

2006-349T17:15:00

000T08:00:00

CIRS_036RI_SUBML27HP002_PRIME

2006-363T13:00:00

000T08:00:00

CIRS_036RI_SUBML17LP001_PRIME

2006-365T15:00:00

000T05:30:00

CIRS_036RI_SUBMU35MP001_PRIME

2007-001T21:00:00

000T07:20:00

CIRS_037RI_SUBMU45MP001_PRIME

2007-019T21:20:00

000T06:00:00

CIRS_038RI_SUBMMLP001_PRIME

2007-035T14:07:00

000T05:15:00

CIRS_039RI_SUBMLI0HP001 PRIME

2007-047T19:50:00

000T05:30:00

CIRS_039RI_SUBML59MP001_PRIME

2007-050T12:00:00

000T08:40:00

CIRS_039RI_SUBML40LP001_PRIME

2007-051T11:00:00

000T09:30:00

CIRS_041RI_SUBMU25HP001_PRIME

2007-080T23:00:00

000T07:55:00

CIRS_041RI_SUBMUI10HP001_PRIME

2007-081T08:55:00

000T04:00:00

CIRS_042RI_SUBMU40HP001_PRIME

2007-097T07:48:00

000T06:19:00

CIRS_042RI_SUBMUI10HP001_PRIME

2007-098T00:20:00

000T03:40:00

CIRS_043RI_SUBMU45MP001_PRIME

2007-113T04:45:00

000T05:00:00

CIRS_050RI_SUBMUO04LP001_PRIME

2007-273T23:20:00

000T04:00:00

CIRS_053RI_SUBMU10MP001_PRIME

2007-335T23:30:00

000T07:45:00

CIRS_053RI_SUBMLO07LP001_PRIME

2007-337T18:40:00

000T06:33:00

CIRS_054R1_SUBMLOSLP001_PRIME

2007-353T20:16:00

000T05:30:00

CIRS_056RI_SUBMUOS5LP001_PRIME

2008-018T18:50:00

000T06:30:00




CIRS_057RI_SUBML20LP001_PRIME

2008-028T13:45:00

000T06:20:00

CIRS_058RI_SUBMU35LP001_PRIME

2008-037T18:36:00

000T08:00:00

CIRS_060RI_SUBMU30LP001_PRIME

2008-058T11:31:00

000T08:35:00

CIRS_060RI_SUBMU45MP001_PRIME

2008-059T19:20:00

000T08:00:00

CIRS_060RI_SUBMU47MP001_PRIME

2008-060T11:20:00

000T04:40:00

CIRS_060RI_SUBMUS50MP001_PRIME

2008-060T21:00:00

000T03:20:00

CIRS_060RI_SUBMLI0LP001 PRIME

2008-063T11:15:00

000T03:30:00

CIRS_060RI_SUBMLI0LP101_PRIME

2008-063T17:45:00

000T01:45:00

CIRS_060RI_SUBMLI0LP102 PRIME

2008-063T20:00:00

000T05:00:00

CIRS_061RI_SUBMU45MP001_PRIME

2008-070T11:06:00

000T08:00:00

CIRS_061RI_SUBMUS50MP001_PRIME

2008-071T10:35:00

000T07:00:00

CIRS_062RI_SUBMU30MP001_PRIME

2008-079T10:05:00

000T08:00:00

CIRS_062RI_SUBMU39MP001_PRIME

2008-080T14:20:00

000T08:00:00

CIRS_063RI_SUBMU28LP001_PRIME

2008-088T14:35:00

000T08:00:00

CIRS_063RI_SUBMUS5MP001_PRIME

2008-091T09:05:00

000T08:00:00

CIRS_063RI_SUBMLVENCO001_PRIME

2008-092T23:07:00

000T06:58:00

CIRS_065RI_SUBMUS5MP001_PRIME

2008-110T07:50:00

000T01:50:00

CIRS_065RI_SUBMUS5MP002_PRIME

2008-110T14:50:00

000T04:40:00

CIRS_065RI_SUBMU60MP001_PRIME

2008-111T07:32:00

000T04:48:00

CIRS_065RI_SUBML39LP001 PRIME

2008-112T14:30:00

000T07:00:00

CIRS_065RI_SUBMUI10LP001_PRIME

2008-115T08:02:00

000T08:00:00

CIRS_066RI_SUBMU40MP001_PRIME

2008-118T14:17:00

000T07:00:00

CIRS_066RI_SUBMU40MP001_PRIME

2008-118T14:17:00

000T07:00:00

CIRS_066RI_SUBMUS0MP001_PRIME

2008-119T07:16:00

000T08:54:00

CIRS_067RI_SUBMU35LP001_PRIME

2008-127T07:15:00

000T08:15:00

CIRS_067RI_SUBMU35LP001_PRIME

2008-127T07:15:00

000T08:15:00

CIRS_068RI_SUBMU20LP001_PRIME

2008-135T06:44:00

000T08:00:00

CIRS_068RI_SUBMU33LP001_PRIME

2008-136T05:59:00

000T06:00:00

CIRS_068RI_SUBMU33LP001_PRIME

2008-136T05:59:00

000T06:00:00

CIRS_070RI_SUBMU35LP001_PRIME

2008-152T09:00:00

000T08:00:00

CIRS_070RI_SUBML32LP001_PRIME

2008-154T22:27:00

000T08:00:00

CIRS_070RI_SUBMUOSLP001_PRIME

2008-157T04:41:00

000T07:00:00

CIRS_071RI_SUBMU17LP001_PRIME

2008-158T04:41:00

00T08:00:000

CIRS_072RI_SUBMU12LP001_PRIME

2008-164T21:10:00

000T07:00:00

CIRS_073RI_SUBMU25LP001_PRIME

2008-173T05:19:00

000T02:30:00




CIRS_073RI_SUBMU17LP001_PRIME

2008-172T10:09:00

000T07:00:00

CIRS_073RI_SUBMU25LP002_PRIME

2008-173T09:29:00

000T02:30:00

CIRS_073RI_SUBML25LP001_PRIME

2008-176T03:39:00

000T09:00:00

CIRS_074R1_SUBML25LP002_PRIME

2008-183T00:00:00

000T08:38:00

CIRS_075RI_SUBMU14LP001_PRIME

2008-186T02:55:00

000T08:00:00

CIRS_075RI_SUBMU40MP001_PRIME

2008-188T02:23:00

000T07:29:00

CIRS_076RI_SUBMU45MP001_PRIME

2008-195T12:22:00

000T03:00:00

CIRS_077RI_SUBML24MP001_PRIME

2008-204T11:50:00

000T04:00:00

CIRS_078RI_SUBMU27LP001_PRIME

2008-208T07:36:00

000T09:00:00

CIRS_084RI_SUBMS10LP001_PRIME

2008-256T15:29:00

000T05:16:00

CIRS_086RI_SUBMS45LP001_PRIME

2008-269T23:20:00

000T08:45:00

CIRS_089RI_SUBMS45LP001_PRIME

2008-291T18:00:00

000T07:00:00

CIRS_090RI_SUBMS10LP001_PRIME

2008-300T13:45:00

000T09:00:00

CIRS_093RI_SUBMS30LP001_PRIME

2008-322T19:04:00

000T08:40:00

CIRS_096RI_SUBMS10LP001_PRIME

2008-347T18:52:00

000T08:00:00

CIRS_100RI_SUBMS20LP001_PRIME

2009-017T16:00:00

000T12:02:00

CIRS_100RI_SUBMS20LP001_PRIME

2009-017T16:00:00

000T12:02:00

Prime Instrument: CIRS
Usual Riders:

Number of Observations
31 TEMPL pm

45 TEMPU pm

4 TEMPN xm

4 TEMPS xm

2. Observation Type: TEMPL*, TEMPU*, TEMPN, TEMPS

This campaign was aimed at observing radial variation in ring temperature to
constrain differences in structure across the rings. While both the 'SUBM'
campaigns and "TEMP' campaigns used radial scans, the 'TEMP' campaign was
designed to use faster scans and obtain a larger variety of observation geometries.
Approximately mid-way through the prime mission the TEMPs started to be
placed in the timeline during negotiations at phases and latitudes that had not been
previously observed.

The naming convention is that 'L' or 'U' following 'TEMP' indicates whether it
observed the lit or unlit side of the rings (corresponding to South or North, as
these were all taken during the prime mission prior to Saturn equinox). Following



that is an approximate sub-spacecraft latitude and 'LP', 'MP', or 'HP"' to indicate
whether it was at low, medium or high phase angle.

Toward the end of prime mission the 'L' and 'U' were replaced with 'S' and 'N', for
observing the South or North side of the rings, in anticipation of directions
reversing after Saturn Equinox. There are 8 such observations.

There are more TEMP observations of the unlit side of the rings than the lit side
simply because observing time on the unlit side was not as heavily subscribed as
on the lit side.

Pointing: These use FP1 to rings, and were nearly all performed with radial scans
programmed via the R RAD LON module. The initial observations had at most
a couple of radial scans, but toward the end of main mission, after approximately
rev 60, more scans were used, when possible, and at faster rates.

Instrument Parameters: These were all taken at 15cm”-1 resolution and primarily
with FP1; FP3 and FP4 were always included, but were omitted when data

volume constraints required it.

List of observations:

Observation

Start Time

Duration

CIRS_00BRI_TEMPLO6MP001_PRIME

2004-350T19:30:00

000T04:00:00

CIRS_00BRI_TEMPLO6MP001_PRIME

2004-350T19:30:00

000T04:00:00

CIRS_007RI_TEMPL20LP001_PRIME

2005-122T03:35:00

000T02:00:00

CIRS_009RI_TEMPL20LP001_PRIME

2005-156T22:00:00

000T05:00:00

CIRS_014RI_TEMPLI15LP001_PRIME

2005-247T04:00:00

000T06:00:00

CIRS_028RI_TEMPL10MP001_PRIME

2006-252T00:30:00

000T02:00:00

CIRS_029RI_TEMPL10HP001_PRIME

2006-267T07:30:00

000T02:40:00

CIRS_029RI_TEMPL10HP001_PRIME

2006-267T07:30:00

000T02:40:00

CIRS_033RI_TEMPL20HP001_PRIME

2006-323T17:15:00

000T02:00:00

CIRS_035RI_TEMPL25LP001_PRIME

2006-349T03:30:00

000T02:00:00

CIRS_036RI_TEMPLS57LP001_PRIME

2006-364T18:30:00

000T01:00:00

CIRS_037RI_TEMPL35LP001_PRIME

2007-016T22:30:00

000T02:00:00

CIRS_040RI_TEMPL55MP001_PRIME

2007-066T21:51:00

000T02:00:00

CIRS_040RI_TEMPL40LP001_PRIME

2007-067T09:41:00

000T02:40:00

CIRS_042RI_TEMPL43LP001_PRIME

2007-099T10:15:00

000T02:00:00

CIRS_043RI_TEMPL25MP001_PRIME

2007-115T16:30:00

000T02:00:00

CIRS_055RI_TEMPL37MP001_PRIME

2008-004T04:45:00

000T02:03:00

CIRS_056RI_TEMPLO5MP001_PRIME

2008-017T11:20:00

000T03:00:00

CIRS_057RI_TEMPL10LP001_PRIME

2008-029T06:05:00

000T02:00:00

CIRS_058RI_TEMPL16LP001_PRIME

2008-040T16:00:00

000T02:00:00




CIRS_061RI_TEMPL30MP001 PRIME

2008-073T11:50:00

000T05:01:00

CIRS_061RI_TEMPLI5LP001_PRIME

2008-074T02:50:00

000T03:35:00

CIRS_065RI_TEMPL55MP001_PRIME

2008-112T02:05:00

000T05:00:00

CIRS_068RI_TEMPL4SLP001_PRIME

2008-139T10:05:00

000T02:09:00

CIRS_069RI_TEMPL25LP001_PRIME

2008-148T05:19:32

000T02:25:00

CIRS_070RI_TEMPL42LP001_PRIME

2008-154T10:00:00

000T01:27:00

CIRS_071RI_TEMPL20LP001 PRIME

2008-162T03:50:00

000T03:10:00

CIRS_072RI_TEMPL53MP001_PRIME

2008-168T11:45:00

000T03:00:00

CIRS_074RI_TEMPLI0OLP00I PRIME

2008-184T04:00:00

000T03:00:00

CIRS_074RI_TEMPLI3LP001 PRIME

2008-183T20:30:00

000T03:15:00

CIRS_075RI_TEMPL17LP001_PRIME

2008-191T02:40:00

000T01:05:00

CIRS_075RI_TEMPL17LP002_PRIME

2008-191T07:30:00

000T01:15:00

CIRS_079RI_TEMPN20LP00I PRIME

2008-214T07:35:00

000T06:15:00

CIRS_079RI_TEMPN45HP001 PRIME

2008-217T06:45:00

000T01:15:00

CIRS_080RI_ TEMPN45LP001 PRIME

2008-223T08:50:00

000T06:00:00

CIRS_079RI_TEMPNG6OHP001 PRIME

2008-217T01:45:00

000T01:00:00

CIRS_00BRI_TEMPUO5LP001 PRIME

2004-349T17:52:00

000T04:00:00

CIRS_00BRI_TEMPUO5LP001 PRIME

2004-349T17:52:00

000T04:00:00

CIRS_007RI_TEMPUI1HP001 PRIME

2005-123T18:16:00

000T03:30:00

CIRS_008RI_TEMPU17HP001 PRIME

2005-141T15:08:00

000T02:28:00

CIRS_009RI_TEMPUI2HP002 PRIME

2005-160T02:17:00

000T01:43:00

CIRS_010RI_ TEMPUOSHP002 PRIME

2005-178T11:00:00

000T02:00:00

CIRS_012RI_TEMPUO5SHP001 PRIME

2005-215T01:30:00

000T03:50:00

CIRS_013RI_TEMPUO9HP001 PRIME

2005-233T06:00:00

000T04:45:00

CIRS_026RI_TEMPUI5HP002 PRIME

2006-206T02:00:00

000T04:00:00

CIRS_028RI_TEMPU22HP001 PRIME

2006-253T21:30:00

000T04:00:00

CIRS_029RI_TEMPU30MP001 PRIME

2006-269T02:30:00

000T03:30:00

CIRS_029RI_TEMPU35HP001 PRIME

2006-271T01:00:00

000T03:00:00

CIRS_030RI_TEMPU20MP001_PRIME

2006-285T08:35:00

000T01:10:00

CIRS_030RI_TEMPU10MP001 PRIME

2006-285T05:00:00

000T01:35:00

CIRS_030RI_TEMPU40MP001_PRIME

2006-285T20:30:00

000T03:00:00

CIRS_030RI_TEMPU45MP001_PRIME

2006-286T07:00:00

000T02:30:00

CIRS_032RI_TEMPUO5SHP002 PRIME

2006-310T02:15:00

000T05:00:00




CIRS_033RI_TEMPU50HP001 PRIME

2006-325T15:30:00

000T03:15:00

CIRS_034RI_TEMPUO5SHP001 PRIME

2006-334T00:45:00

000T05:00:00

CIRS_036RI_TEMPUO5LP00I PRIME

2007-001T02:00:00

000T02:30:00

CIRS_037RI_TEMPU28MP001_PRIME

2007-018T21:50:00

000T04:00:00

CIRS_037RI_TEMPUS55MP001_PRIME

2007-021T00:30:00

000T01:15:00

CIRS_041RI_TEMPU45HP001_PRIME

2007-079T19:40:00

000T03:20:00

CIRS_041RI_ TEMPUI5HP001 PRIME

2007-081T06:55:00

000T02:00:00

CIRS_055RI_TEMPU33MP001_PRIME

2008-001T15:33:00

000T02:45:00

CIRS_056RI_TEMPU45MP001_PRIME

2008-015T07:05:00

000T02:55:00

CIRS_057RI_TEMPUOSLP001_PRIME

2008-030T14:30:00

000T04:00:00

CIRS_060RI_TEMPU57MP001_PRIME

2008-061T12:00:00

000T01:15:00

CIRS_060RI_ TEMPU20LP001 PRIME

2008-067T11:51:00

000T05:00:00

CIRS_062RI_TEMPU47MP001_PRIME

2008-080T09:50:00

000T04:00:00

CIRS_062RI_TEMPU28HP001 PRIME

2008-083T02:20:00

000T03:00:00

CIRS_063RI_TEMPU49MP001_PRIME

2008-090T18:34:00

000T04:30:00

CIRS_063RI_TEMPUI6LP001 PRIME

2008-096T17:49:00

000T04:00:00

CIRS_064RI_TEMPU30LP00I PRIME

2008-098T17:34:00

000T04:00:00

CIRS_064RI_TEMPU15MP001_PRIME

2008-106T07:33:00

000T04:00:00

CIRS_065RI_TEMPU60MP001 PRIME

2008-110T19:30:00

000T04:15:00

CIRS_065RI_ TEMPU26HP001 PRIME

2008-111T16:00:00

000T04:05:00

CIRS_065RI_ TEMPUO6LP00I PRIME

2008-114T17:32:00

000T04:00:00

CIRS_065RI_ TEMPUI5LP001 PRIME

2008-115T16:32:00

000T04:00:00

CIRS_066RI_ TEMPU20LP001 PRIME

2008-125T06:46:00

000T04:00:00

CIRS_067RI_TEMPU58MP001_PRIME

2008-129T16:30:00

000T04:00:00

CIRS_068RI_TEMPU20LP001_PRIME

2008-135T14:44:00

000T04:00:00

CIRS_068RI_TEMPU35LP001 PRIME

2008-136T12:29:00

000T04:00:00

CIRS_070RI_ TEMPUI6LP001 PRIME

2008-150T22:42:00

000T04:00:00

CIRS_074RI_TEMPUI6LP00I PRIME

2008-180T03:23:00

000T03:30:00

CIRS_074RI_TEMPUO6LP00I PRIME

2008-185T11:50:00

000T04:00:00

CIRS_079RI_TEMPS60MP001 PRIME

2008-218T02:35:00

000T05:00:00

CIRS_079RI_TEMPS20LP001 PRIME

2008-218T20:35:00

000T05:00:00

CIRS_080RI_TEMPSI10LP001 PRIME

2008-227T00:44:00

000T06:00:00

CIRS_082RI_TEMPS20LP001 PRIME

2008-240T23:59:00

000T08:50:00

iv. Spectral features campaign (COMPs, FMONITORs, FMOVIEs, ANSASTARESs):




ii.

Observation Type: COMP[A/C]
Prime instrument: CIRS
Riders: ISS, UVIS, VIMS

Number of observations: 8 Prime Mission, 3 Extended Mission (see later for
CSM)

Primary boresight: CIRS_FP1, CIRS_FP3, CIRS_FP4
Spectral resolution: 0.5 cm”-1 (401 RTI) & 3 cm?-1 (96 RTI)

Description: COMP scans were designed to take long integrations from points in
the A, B, or C ring near the ansae in order to look for spectral features. The goal
of these observations to 1) determine the location of the spectral “roll-off” in the
far IR and the factors by which it varies (hint: grain size), 2) determine water ice
type (amophorous versus crystaline, and 3) determine any observable
contaminants.

Emissivity spectra are produced by dividing the observed radiance by the best fit
black body. Long integrations (several hours) were necessary to gain signal-to-
noise for feature determination. Thus, due to competion during the Prime and
Extended Missions, distant observations where most easily observable. COMPs
taken in the CSM took on a slightly different flavor to allow for specific, localized
ring regions to be targeted (see later). In addition, calibrations from DSCAL4000
database is best for reducing noise levels to maximize feature determination.

Observation Type: FMONITOR
Prime Instrument: CIRS

Usual Riders:  ISS

Number of Observations: 73

These observations took place early in the prime mission, and were actually
designed with the primary objective of facilitating ISS imagery of the F ring.
The pointing was designed to return long integrations of the B and A rings by
CIRS, while the ISS WAC took imagery of the F ring.

For CIRS, these function much like the COMP observations. Refer to notes on
the CIRS_FMONITOR*_ISS observations for details on ISS imagery taken.

There are two types of FMONITOR: a) observations that are 6 to 10 hours long
and occur in groups of 2 to 4 observations, where observations within the group
are separated by 1 to 10 days; b) observations that are 30-90 minutes long, occur
in groups of 5 up to 16, where observations within the group are separated by on
the order of one hour.

There is no definitive way to associate groups of observations that were planned
together, but there are 12 groups of type (a) observations, two of which are single
observations, and there are 4 groups of type (b) observations.

Observations of type (a) typically take deep space off one Ansa, then an almost
equal number of spectra are taken on the Ansa, with FP3/4 and FP1 on A and/or B
ring. The observation then takes a short amount of data with FP3/4 and FP1 on
the other Ansa, and this process repeats several times. The deep space are
interspersed, specified by a pointing such that the projected radius in the ring
plane is from 5 to 15 R_S.



Observations of type (b) proceed similarly to type (a), although they are much
shorter in duration. In between the Ansae, they swing through Saturn.

Pointing: The pointing is either FP3/4 or FP1 to rings, with specific pointing set
such that the footprints of the CIRS focal planes are near the outer edge of the

main rings at the Ansae. They are taken from approximately 30R_S, with an
emission angle of up to 20degrees.

Instrument Parameters: These appear to all have 0.5cmA-1 resolution, and FP3

takes spectra from all 10 detectors.
List of observations:

Observation

Start Time

Duration

CIRS_00ARI_FMONITORO001_PRIME

2004-311T22:48:00

000T06:30:00

CIRS_00BRI_FMONITOR001_PRIME

2004-335T10:20:00

000T06:50:00

CIRS_00CRI_FMONITOR001_PRIME

2005-020T12:30:00

000T08:00:00

CIRS_00CRI_FMONITOR002_PRIME

2005-021T12:15:00

000T04:00:00

CIRS_00CRI_FMONITOR003_PRIME

2005-024T12:00:00

000T04:00:00

CIRS_00CRI_FMONITOR004_PRIME

2005-026T12:00:00

000T04:00:00

CIRS_00CRI_FMONITORO005_PRIME

2005-027T12:00:00

000T04:00:00

CIRS_00CRI_FMONITOR006_PRIME

2005-028T12:00:00

000T04:00:00

CIRS_006RI_FMONITOR001_PRIME

2005-109T06:15:00

000T08:15:00

CIRS_006RI_FMONITOR002 PRIME

2005-111T07:28:00

000T10:00:00

CIRS_006RI_FMONITOR003 PRIME

2005-112T05:43:00

000T11:44:00

CIRS_008RI_FMONITOR001_PRIME

2005-145T03:06:00

000T08:17:00

CIRS_00SRI_FMONITOR002 PRIME

2005-149T01:21:00

000T08:00:00

CIRS_009RI_FMONITORO001_PRIME

2005-153T02:13:00

000T08:00:00

CIRS_009RI_FMONITOR002 PRIME

2005-155T15:00:00

000T00:30:00

CIRS_009RI_FMONITOR003 PRIME

2005-163T02:35:00

000T00:30:00

CIRS_009RI_FMONITOR004 PRIME

2005-163T03:59:00

000T00:30:00

CIRS_009RI_FMONITOR005 PRIME

2005-163T05:55:00

000T00:30:00

CIRS_009RI_FMONITOR006 PRIME

2005-163T07:59:00

000T00:30:00

CIRS_009RI_FMONITOR007 PRIME

2005-166T02:47:00

000T01:28:00

CIRS_009RI_FMONITOR008_PRIME

2005-166T04:55:00

000T01:28:00

CIRS_009RI_FMONITOR009 PRIME

2005-166T07:03:00

000T01:28:00

CIRS_009RI_FMONITORO010_PRIME

2005-166T21:23:00

000T01:28:00

CIRS_009RI_FMONITORO11_PRIME

2005-166T23:31:00

000T01:28:00

CIRS_009RI_FMONITORO012_PRIME

2005-167T01:39:00

000T01:28:00

CIRS_009RI_FMONITORO013_PRIME

2005-167T03:47:00

000T01:28:00

CIRS_009RI_FMONITORO014_PRIME

2005-167T05:55:00

000T01:28:00




CIRS_009RI_FMONITORO15_PRIME

2005-168T05:24:00

000T01:28:00

CIRS_009RI_FMONITORO016_PRIME

2005-168T07:32:00

000T01:28:00

CIRS_009RI FMONITORO017 PRIME

2005-168T09:40:00

000T01:28:00

CIRS_009RI_FMONITORO018_PRIME

2005-168T11:48:00

000T01:28:00

CIRS_010RI_FMONITORO001_PRIME

2005-181T03:37:00

000T08:00:00

CIRS_010RI_FMONITOR002_PRIME

2005-182T01:25:00

000T06:57:00

CIRS_010RI_FMONITOR003_PRIME

2005-169T02:44:00

000T01:28:00

CIRS_010RI FMONITORO004 PRIME

2005-169T04:52:00

000T01:28:00

CIRS_010RI_FMONITORO005_PRIME

2005-169T07:00:00

000T01:28:00

CIRS_010RI_FMONITOR006_PRIME

2005-169T09:08:00

000T01:28:00

CIRS_010RI_FMONITOR007 PRIME

2005-169T11:16:00

000T01:28:00

CIRS_010RI_FMONITOR008_PRIME

2005-170T01:20:00

000T01:28:00

CIRS_010RI_FMONITORO010_PRIME

2005-170T05:36:00

000T01:28:00

CIRS_012RI_FMONITORO001_PRIME

2005-218T00:22:00

000T08:00:00

CIRS_013RI_FMONITORO001_PRIME

2005-238T00:33:00

000T08:00:00

CIRS_013RI_FMONITOR002_PRIME

2005-239T02:33:00

000T08:00:00

CIRS_014RI_FMONITOR001_PRIME

2005-242T02:18:00

000T08:00:00

CIRS_027RI_FMONITORO001_PRIME

2006-223T01:15:00

000T02:15:00

CIRS_027RI_FMONITOR002_PRIME

2006-223T04:00:00

000T00:45:00

CIRS_027RI_FMONITOR003_PRIME

2006-236T01:21:00

000T01:00:00

CIRS_027RI_FMONITOR004_PRIME

2006-236T03:21:00

000T01:00:00

CIRS_027RI_FMONITOR005_PRIME

2006-236T05:21:00

000T01:00:00

CIRS_027RI_FMONITOR006_PRIME

2006-236T07:21:00

000T01:00:00

CIRS_027RI_FMONITOR007_PRIME

2006-236T09:21:00

000T01:00:00

CIRS_027RI_FMONITOR008_PRIME

2006-236T11:21:00

000T01:00:00

CIRS_034RI_FMONITOR001_PRIME

2006-333T01:46:00

000T05:00:00

CIRS_035RI_FMONITOR001_PRIME

2006-343T22:02:00

000T08:00:00

CIRS_036RI_FMONITOR003_PRIME

2006-360T14:49:00

000T05:00:00

CIRS_038RI_FMONITOR001_PRIME

2007-025T22:51:00

000T04:00:00

CIRS_039RI_FMONITOR002_PRIME

2007-054T19:22:00

000T05:00:00

CIRS_041RI_FMONITOR001_PRIME

2007-076T19:15:00

000T04:00:00

CIRS_042RI_FMONITORO001_PRIME

2007-092T00:21:30

000T06:53:30

CIRS_042RI_FMONITOR002_PRIME

2007-105T08:17:00

000T06:30:00

CIRS_042RI_FMONITOR003_PRIME

2007-105T20:17:00

000T01:00:00

CIRS_043RI_FMONITOR001_PRIME

2007-109T08:45:00

000T11:45:00




CIRS_043RI_FMONITOR002_PRIME | 2007-119T13:15:00 000T06:00:00
CIRS_049RI_FMONITORO001_PRIME | 2007-249T15:00:00 000T01:20:00
CIRS_049RI_FMONITOR002_PRIME | 2007-249T16:30:00 000T01:20:00
CIRS_049RI_FMONITOR003_PRIME | 2007-249T18:00:00 000T01:20:00
CIRS_049RI_FMONITOR004_PRIME | 2007-249T19:30:00 000T01:20:00
CIRS_049RI_FMONITORO005_PRIME | 2007-249T21:00:00 000T01:20:00
CIRS_050RI_FMONITORO001_PRIME | 2007-263T21:36:00 000T06:00:00
CIRS_053RI_FMONITOR002_PRIME | 2007-332T17:30:00 000T08:00:00
CIRS_055RI_FMONITORO001_PRIME | 2007-361T08:17:00 000T05:30:00
CIRS_055RI_FMONITOR002_PRIME | 2008-008T17:15:00 000T07:00:00
CIRS_056RI_FMONITORO01_PRIME | 2008-020T17:15:00 000T07:00:00

3. Observation Type: FMOVIE, ANSASTARE

Prime Instrument: CIRS

Usual Riders:

Number of Observations:

3 FMOVIEA

4 FMOVIEB

1 FMOVIEC

6 ANSASTARE

These observations were all designed to capture signal from F Ring with FP1.
The FMOVIE observations were designed to find temperature signal from the
rings, and to see if there was a difference in brightness from one Ansa to the
other. They were taken at low emission angle in order to maximize line of sight
optical depth through the F ring, and flipped back and forth between Ansae. The
ANSASTARE observations were added in the Solstice mission in order to capture
complete rotations of the ring in order to look for features. They are at higher
emission angles because the team learned that the FMOVIE geometry was not
optimal.

Pointing: The FMOVIEs place FP1 just off the main rings, typically with
144,000km <r_FP1 < 160,000km. They acquire data at one Ansa for a short
period of time, on the order of 15 minutes, then swing through Saturn to the other
Ansa. Some of them collect 15 minute segments of deep space during this cycle,
whereas others acquire deep space only at the beginning and end of the
observation. This strategy was designed to obtain a somewhat uniform
longitudinal coverage of the F ring without observing for a full 14 hour rotational
period.

The emission angle is less than 1 degree, and they are taken from approximately
I0R s.



The ANSASTARESs were designed to capture a complete rotation of the F ring.
Because the team did not anticipate getting full 15 hour observations approved
during Solstice Mission planning, they were designed in pairs of 8 hour long
observations, arranged so that the two members of each pair were close together
in time and captured complementary longitude ranges. There were some
logistical issues scheduling these, where observations were shifted in the timeline
to accomodate other teams, and also incorrect Ansae were targeted on at least one
occasion, which compromised the longitudinal coverage of some of these
observations. A thorough check on longitude ranges actually collected has not
been done yet.

These observations focused FP1 off one Ansa and merely took data at the same
pointing for the duration of the observation. The team determined that better
signal results when the F ring is viewed from a high enough elevation that its
filling factor across the FP1 FOV is significant (i.e., edge-on viewing is not
optimal), so these are taken at emission angles of up to 10 degrees from the ring
plane.

Instrument Parameters: All of these observations were taken at 15cm”-1
resolution, due to the expected low signal.

List of observations:

Observation Start Time Duration

CIRS_003RF_FMOVIEA00I PRIME | 2005-047T09:20:00 | 000T04:35:00
CIRS_005RF_FMOVIEA00I PRIME | 2005-088T04:53:00 | 000T07:35:00
CIRS_003RF_FMOVIEA002 PRIME | 2005-047T14:35:00 | 000T01:14:00
CIRS_019RF_FMOVIEB003 PRIME | 2005-359T08:55:00 | 000T10:35:00
CIRS 021RF_FMOVIEB00I PRIME | 2006-055T10:12:00 | 000T04:53:00
CIRS_019RF_FMOVIEB002 PRIME | 2005-359T04:00:00 | 000T04:00:00
CIRS_023RF_FMOVIEB002 PRIME | 2006-119T08:44:00 | 000T08:30:00
CIRS_049RF_FMOVIEC001 PRIME | 2007-240T22:40:00 | 000T05:10:00

CIRS_255RF_ANSASTARE001 PRIME | 2017-004T02:09:00 | 000T09:51:00
CIRS_255RF_ANSASTARE002 PRIME | 2017-005T06:59:00 | 000T09:52:00
CIRS_274RI_ANSASTARE001 PRIME | 2017-137T03:09:00 | 000T14:00:00
CIRS_277RI_ANSASTARE001 PRIME | 2017-157T18:07:00 | 000T18:10:00
CIRS_286RI_ANSASTARE001 PRIME | 2017-215T16:55:00 | 000T09:44:00
CIRS_288RI_ANSASTARE001 PRIME | 2017-227T19:00:00 | 000T06:53:00

Findings from the main mission scans influenced designs in the rest of the mission.
Principally it was found that:



* CIRS did not have enough stability in the region below 440 cm' (upwards of 22um)
to really detect a rolloff; SUBM measurements started to merge with TEMPS

* No spectral features were obvious or would likely be detectable using COMP
measurements. These were phased out (to return in XXM, mostly as fillers of unused
time).

* There was a much bigger dependence of temperature on geometry and radial location
than had been considered before.

* The isolated particle model used to justify the VERT and SHAD observations was not
so clear cut.

. EXTENDED MISSION (XM):

During XM planning, the TWT suggested that the information return from azimuthal
scans was small, as a cooling curve can be fit with only a few points instead of requiring
a complete scan. It was suggested to design more observations which kept radial scans,
but spaced so that the data could be used to fit cooling curves as the particles moved.

At this point, the large variation in temperature with viewing geometry and location on
the rings led the team to attempt to get a fairly uniform coverage in the latitude-phase
plane that Nicholson developed for VIMS scheduling.

i. Azimuthal campaign: VERT measurements turned into VCAS and VENC,
specialized observations that had high enough resolution to see the Cassini division
and trans-Encke division.

1. See VERTS in the Prime Mission section for details.

ii. Phase/lat AND particle properties: The VERT, TEMP and SUBM scans became
TMAP and VTMP. Originally [I THINK] the distinction between these was that the
VTMPS were at higher Sub-spacecraft latitude and the TMAPs lower, but the
identities of these two sets of observations seem to have merged. These were
ambitious observations designed to cover what the VERT and TEMP's had done
together in main mission, and scanned at fast rates across the rings with the objective
of catching the cooling curve points that the TWT had suggested. It was found that
these were not RBOT-friendly, and they were phased out as Equinox approached. In
addition to fixing particle properties, some attention was paid to the coverage of these
observations in phase-latitude space, as the rings team came to realize that the
viewing geometry played and important role in the temperature returned.

1. Observation Type: TMAP*
Prime Instrument: CIRS
Usual Riders:

Number of Observations:
28 TMAPN*

16 TMAPS*

2 TMAPS

The TMAP campaign was a continuation of the TEMP campaign designed for the
extended mission. During the presentation of CIRS strategies to the Rings TWT
prior to XM, the TWT argued that azimuthal observations did not represent good



use of time, given the few points needed to constrain cooling curves (at this point
in time, the subtle variation in azimuthal signal due to wake structures was not
appreciated). Consequently the TMAP observations were updated to include a
large number of radial scans, taken faster than during the TEMP observations.

These were subsequently discovered to strain the spacecraft's ability to dissipate
angular momentum (they were "not RBOT friendly"), and other instrument teams,
particularly VIMS, complained that they could not ride along on observations that
slewed as fast as the TMAPS. They were discontinued in the solstice mission.

The naming convention is that 'N' or 'S' following 'TMAP' indicates whether it
observed the North or South of the rings. Following that is an approximate sub-
spacecraft latitude and 'LP', 'MP', or 'HP' to indicate whether it was at low,
medium or high phase angle.

Pointing: These use FP1 to rings, and were nearly all performed with radial scans
programmed via the R_RAD LON module. The initial observations had at most
a couple of radial scans, but toward the end of main mission, after approximately
rev 60, more scans were added at faster rates.

Instrument Parameters: These were all taken at 15cm”-1 resolution and primarily
with FP1; FP3 and FP4 were always included, but were omitted when data
volume constraints required it.

List of observations:

Observation Start Time Duration

CIRS_081RI_TMAPN30LP001_PRIME

2008-230T00:30:00

000T07:40:00

CIRS_085RI_TMAPN20LP001_PRIME

2008-258T22:54:00

000T03:15:00

CIRS_085RI_TMAPN30LP001_PRIME

2008-259T02:09:00

000T08:00:00

CIRS_088RI_TMAPN20LP001_PRIME

2008-281T07:10:00

000T04:05:00

CIRS_088RI_TMAPN45LP001_PRIME

2008-282T06:00:00

000T05:15:00

CIRS_089RI_TMAPN20LP001_PRIME

2008-287T23:40:00

000T09:55:00

CIRS_092RI_TMAPN20LP001_PRIME

2008-310T00:00:00

000T09:00:00

CIRS_092RI_TMAPN30LP001_PRIME

2008-310T19:48:00

000T06:10:00

CIRS_092RI_TMAPN45LP001_PRIME

2008-311T18:00:00

000T09:00:00

CIRS_092RI_TMAPNI10LP001_PRIME

2008-317T06:45:00

000T08:00:00

CIRS_096RI_TMAPN20LP001_PRIME

2008-341T22:07:00

000T06:55:00

CIRS_096RI_TMAPN45LP001_PRIME

2008-342T17:52:00

000T05:20:00

CIRS_098RI_TMAPN30LP001_PRIME

2008-357T22:54:00

000T07:40:00

CIRS_098RI_TMAPN45LP001_PRIME

2008-358T18:30:00

000T04:00:00

CIRS_105RI_TMAPN45LP001_PRIME

2009-064T08:00:00

000T08:00:00

CIRS_107RI_TMAPN45MP001_PRIME

2009-091T10:15:00

000T06:20:00

CIRS_108RI_TMAPN30LP001_PRIME

2009-102T15:44:00

000T07:00:00




CIRS_109RI TMAPN45LP001 PRIME

2009-118T22:52:00

000T04:00:00

CIRS_111RI TMAPN45LP001 PRIME

2009-148T07:38:00

000T09:30:00

CIRS_114RI TMAPN30MP001 PRIME

2009-186T23:33:00

000T02:25:00

CIRS_114RI TMAPN45MP001_PRIME

2009-193T21:00:00

000T09:07:00

CIRS_114RI_ TMAPN30MP002 PRIME

2009-196T07:39:00

000T09:41:00

CIRS_106RI TMAPN20LP001 PRIME

2009-075T07:45:00

000T10:00:00

CIRS_115RI TMAPN25MP001_PRIME

2009-212T01:55:00

000T04:25:00

CIRS_116RI TMAPN20MP001_PRIME

2009-225T08:45:00

000T06:30:00

CIRS_116RI TMAPN20MP002 PRIME

2009-227T19:20:00

000T12:10:00

CIRS_117RI_ TMAPNI0LP002 PRIME

2009-240T20:40:00

000T06:00:00

CIRS_118RI_ TMAPNI0LP002 PRIME

2009-264T22:55:00

000T08:00:00

CIRS_080RI TMAPS20LP001 PRIME

2008-226T09:05:00

000T05:15:00

CIRS_085RI_ TMAPS10LP001 PRIME

2008-263T15:05:00

000T04:10:00

CIRS_087RI_TMAPS10LP001 PRIME

2008-278T14:15:00

000T04:00:00

CIRS_088RI_TMAPS30LP001 PRIME

2008-285T01:40:00

000T04:00:00

CIRS_090RI_TMAPS45LP001_PRIME

2008-299T03:04:00

000T07:08:00

CIRS_092RI TMAPS10LP001 PRIME

2008-315T20:00:00

000T08:44:00

CIRS_094RI_TMAPS45LP001_PRIME

2008-330T01:05:00

000T07:10:00

CIRS_100RI_ TMAPS45LP001_PRIME

2009-016T14:35:00

000T08:00:00

CIRS_102RI_ TMAPS45MP001 PRIME

2009-035T15:29:00

000T04:00:00

CIRS_103RI_TMAPS45MP001_PRIME

2009-047T17:25:00

000T09:30:00

CIRS_103RI_TMAPS30LP001_PRIME

2009-048T18:15:00

000T08:40:00

CIRS_104RI_TMAPS45MP001_PRIME

2009-059T12:30:00

000T08:30:00

CIRS_104RI_TMAPS30LP001_PRIME

2009-060T12:20:00

000T06:30:00

CIRS_108RI_TMAPS45MP001 PRIME

2009-099T10:59:00

000T08:00:00

CIRS_109RI_ TMAPS20LP001_PRIME

2009-115T08:40:00

000T06:15:00

CIRS_111RI_ TMAPS45MP001 PRIME

2009-145T07:54:00

000T04:00:00

CIRS_134RI_TMAPS001_PRIME

2010-183T04:29:00

000T05:00:00

CIRS_134RI_TMAPS002_PRIME

2010-184T13:29:00

000T05:00:00

Observation Type: VTMP
Prime Instrument: CIRS
Usual Riders:

Number of Observations




1 VIMPL
2 VIMPU
11 VTIMPN
9 VIMPS

These observations where introducted late in the prime mission and the extended
mission and superceded the previous VERTS, for the same reason that the TMAPs
were introduced to superced the TEMPs. That reason was that the rings team
decided that azimuthal scans did not return much information compared to the
time they took. It was reasoned that by using radial scans placed at a grid of local
times, one could constrain heating and cooling curves at many radii instead of at a
few designated radii.

The VTMP observations focus mostly on radial scans away from the shadow
region, although a few of the observations do look at the shadow region-- hence
also taking on the role of the previous SHAD observations.

The naming designation is similar to the prime mission campaigns, with "VTMP'
being followed by 'U' or 'L' to indicate unlit or lit side, and then an approximate
latitude followed by a general indicator of whether it was at low, medium, or high
phase angle ('LP','MP', or 'HP"). In later observations 'N' and 'S' supercede the use
of 'U" and 'L' to denote the side of the rings being observed, where 'N' indicates
the North side and 'S' the South side.

Pointing: The observations are FP1 to rings and are usually long blocks of time,
with a series of radial spokes. If the observation was long enough, sometimes and
azimuthal scan was added. Also, 6 of the observations make use of the
P_SHAD_DUR module, which created quasi-radial scans but where the local
hour angle varied with radius according to Keplerian rotation rate, such that all
points along the scan are an equal number of minutes away from shadow ingress
or egress.

Instrument Parameters: These were all designed at 15cm”-1 resolution for rapid,
high S/N resolution of the spectrum that would yield temperature and filling
factor information.

List of observations:

Observation Start Time Duration

CIRS_077RI_VTMPU37MP001_PRIME | 2008-202T04:50:00 000T03:45:00

CIRS_078RI_VTMPU36LP001_PRIME | 2008-209T01:40:00 000T05:25:00

CIRS_081RI_VTMPN60LP001_PRIME | 2008-231T00:30:00 000T04:55:00

CIRS_086RI_VTMPN60LP001_PRIME | 2008-267T15:34:00 000T09:56:00

CIRS_089RI_VTMPN60LP001_PRIME | 2008-289T20:55:00 000T05:50:00

CIRS_090RI_VTMPN60LP001_PRIME | 2008-296T20:31:00 000T09:30:00

CIRS_098RI_VTMPN60MP001_PRIME | 2008-359T23:24:00 000T06:12:00




iii.

CIRS_104RI_VTMPN60OMP001_PRIME

2009-054T15:00:00

000T11:00:00

CIRS_106RI_VTMPN6OMP001_PRIME

2009-077T16:20:00

000T08:00:00

CIRS_113RI_VTMPN60OMP001_PRIME

2009-178T17:35:00

000T07:00:00

CIRS_103RI_VTMPN60MP002 PRIME

2009-042T16:14:00

000T10:41:00

CIRS_107RI_VTMPN60MP002 PRIME

2009-090T16:45:00

000T06:40:00

CIRS_109RI_VTMPN60OMP002 PRIME

2009-121T06:22:00

000T08:00:00

CIRS_062RI_VTMPLLP002 PRIME

2008-084T09:50:00

000T07:00:00

CIRS_086RI_VTMPS70MP001 PRIME

2008-269T08:00:00

000T04:00:00

CIRS_087RI_VTMPS60MP001 PRIME

2008-277T01:20:00

000T02:35:00

CIRS_090RI_VTMPS60MP001 PRIME

2008-298T19:04:00

000T08:00:00

CIRS_102RI_VTMPS60MP001_PRIME

2009-034T14:14:00

000T08:00:00

CIRS_104RI_VTMPS60MP001 PRIME

2009-058T05:10:00

000T04:30:00

CIRS_104RI_VTMPS60MP002_PRIME

2009-058T18:30:00

000T06:50:00

CIRS_108RI_VTMPS60MP002 PRIME

2009-098T10:59:00

000T08:00:00

CIRS_109RI_VTMPS60MP001 PRIME

2009-113T08:40:00

000T09:15:00

2009-128T11:51:00 000T08:00:00

CIRS_110RI_VTMPS60MP001_PRIME

Vertical structure campaign: The TDIF were introduced to cover opposite sides of the
rings at similar geometry, as a radial analogue to what the VERTs had been intended
to do in main mission.

See TDIF section under SOLSTICE MISSION (below).

iv. Equinox planning: The orbital plan for the end of extended mission offered very little

opportunity for getting observations of the rings right before and after the equinox
event. This fact was not appreciated until late in the planning, and CIRS was the only
ORS instrument to suffer from this deficiency. Namely, by this time in the mission
we had found that the seasonal variation of ring temperatures was important, and we
expected that the cooling of the lit side right before equinox and subsequent heating
of the previously unlit side would help to nail down thermal properties of the ring
particles and the ring structure itself.

The campaing of EQLB (long baseline) and EQSB (short baseline) observations was
organized to try to get at least some temperature data at semi-regular intervals during
the 100 or so days prior to and after Equinox event. The long baseline were designed
to allow observation of cooling on the lit side as the Solar emission angle decreased,
and heating on the previously unlit (North) side after the event. The latter required a
baseline of observations on the unlit side before the event as well. In the end, the
observations were highly limited by the fact that Cassini spent most of its time in the



ring plane. Observations were placed by opportunity only, and only one opportunity
for "short baseline" was found.

1.

Observation Type: EQLBN/EQLBS/EQSB
Prime Instrument: CIRS

Usual Riders: VIMS

Number of Observations: 28

All observations prefaced with "EQ" were designed to sample the changes in
temperature of the rings as a function of radius, just before and after the Equinox
event of August, 11,2009.

The orbital plan for the end of extended mission offered very little opportunity for
getting observations of the rings right before and after the equinox event. This fact
was not appreciated until late in the planning. By this time in the mission the
team had found that the seasonal variation of ring temperatures was important,
and it was expected that the cooling of the lit side right before equinox and
subsequent heating of the previously unlit side would help to constrain thermal
properties of the ring particles and their vertical distribution.

The campaign of EQLB (long baseline) and EQSB (short baseline) observations
was organized to try to get at least some temperature data at semi-regular intervals
during the 100 or so days prior to and after Equinox event. The long baseline were
designed to allow observation of cooling on the lit side as the Solar emission
angle decreased, and heating on the previously unlit (North) side after the event.
The latter required a baseline of observations on the unlit side before the event as
well. In the end, the observations were highly limited by the fact that Cassini
spent most of its time in the ring plane. Observations were placed by opportunity
only, and only one opportunity for a short baseline observation was found.

Pointing: FP1 to rings. These were all conducted as radial scans.

Instrument Parameters: FP1 was the principle focal plane, FP3 and FP4 were
used as data volume permitted.

List of observations:

Observation Start Time Duration

CIRS_112RI_EQLBNOO1_PRIME | 2009-162T11:40:00 000T06:05:00
CIRS_113RI_EQLBNOO1_PRIME | 2009-177T10:40:00 000T06:00:00
CIRS_114RI_EQLBNOO1_PRIME | 2009-192T10:23:00 000T06:00:00

CIRS_115RI_EQLBNOO1_PRIME

2009-208T10:12:00

000T07:08:00

CIRS_116RI_EQLBNOO1_PRIME

2009-225T02:15:00

000T06:00:00

CIRS_117RI_EQLBNOO1_PRIME

2009-240T00:45:00

000T06:00:00

CIRS_118RI_EQLBNO001_PRIME

2009-264T02:00:00

000T06:00:00

CIRS_123RI_EQLBNOO1_PRIME

2009-360T07:35:00

000T02:00:00

CIRS_125RI_EQLBNOO1_PRIME

2010-027T07:00:00

000T02:00:00

CIRS_132RI_EQLBNOO1_PRIME

2010-151T08:15:00

000T03:30:00

CIRS_132RI_EQLBNO03_PRIME

2010-152T23:15:00

000T04:15:00

CIRS_132RI_EQLBN004_PRIME

2010-153T23:59:00

000T03:16:00

CIRS_137RI_EQLBNO01_PRIME

2010-246T13:20:00

000T01:30:00




CIRS_137RI_EQLBN002_PRIME

2010-246T17:10:00

000T01:30:00

CIRS_112RI_EQLBS001_PRIME

2009-159T07:35:00

000T07:00:00

CIRS_113RI_EQLBS001_PRIME

2009-175T06:20:00

000T06:00:00

CIRS_114RI_EQLBS001_PRIME

2009-191T05:35:00

000T06:00:00

CIRS_115RI_EQLBS001_PRIME

2009-206T17:20:00

000T06:00:00

CIRS_116RI_EQLBS001_PRIME

2009-223T01:35:00

000T05:00:00

CIRS_123RI_EQLBS002_PRIME

2010-001T09:52:00

000T04:00:00

CIRS_123RI_EQLBS003_PRIME

2010-002T13:38:00

000T04:00:00

CIRS_124RI_EQLBS001_PRIME

2010-007T01:55:00

000T05:00:00

CIRS_124RI_EQLBS004_PRIME

2010-009T23:29:00

000T04:01:00

CIRS_124RI_EQLBS002_PRIME

2010-008T08:05:00

000T05:00:00

CIRS_133RI_EQLBS001_PRIME

2010-175T18:56:00

000T04:15:00

CIRS_133RI_EQLBS002_PRIME

2010-176T23:20:00

000T04:30:00

CIRS_137RI_EQLBS001_PRIME

2010-245T06:52:00

000T03:00:00

CIRS_116RI_EQSBS001_PRIME

2009-224T03:00:00

000T03:00:00

d. SOLSTICE MISSION (XXM):

After the equinox mission, the primary focus of the rings observations became TDIF and
phase/lat coverage. The previous TMAP and VTMP campaign, which had been found to
be RBOT-unfriendly, were changed to NP and SP observations.

iv. Phase-Latitude Scans: During the planning process, the phase-latitude space was
divided into several latitude and phase bins in each hemisphere (3 and 5, resp?), and
observations were named with a shorthand that completely specified their geometry
placement within these bins. NPxxLyyy would be an observation of the North side
(lit, in this epoch) of the rings with a phase angle of approximately xx degrees and
latitude of approximately yyy degrees. An SPxxLyyy would be of the South side
(unlit, in this epoch). During the planning process, it was considered important to
obtain observations at low, medium and high solar elevation angles as the Sun rose
from 15 to 25 degrees above the ring plane (most of the mission right after Equinox
remained in the ring plane, so observations below 15 degrees are not found).
Consequently, during planning, these observations also had an additional field
appended to the end of the name: S15,S17, S19, S21, or S23. E.g., NPxxLyyySzz.
This label for solar angle was too long for the name fields in CIMS, and subsequently
dropped. However, a residual 'S' along with a digit or two of solar elevation appears
by mistake in several of the observations. It has no significance. There is also at
least one observation, added during TWT discussions, that has an incorrect name
made up on the spot during a telecon. One obvious example is PSOL30S15, which
has no north or south delegation (it should be "NP").

1. Observation Type: NP*, SP*

Prime Instrument: CIRS



Usual Riders:

Number of Observations

32 NP + 1 P50 (rev134) during the XXM
14 SP during the XXM

These observations were a solstice mission campaign designed to provide
coverage in the parameter space of phase and latitude. During the main mission
and extended mission, respectively, the TEMPS and TMAPS had been
increasingly organized at trying to ensure that radial temperature scans were taken
at a broad range of viewing geometries.

In planning the solstice mission observations, that objective was prioritized to the
point where the radial scan observations were named according to the viewing
geometry they were taken with. During the planning of the solstice mission, three
bins in emission angle (latitude) were used, and five bins in phase angle were
used. Further, the solar inclination angle was binned roughly into epochs in
which the Sun was 18-20 degrees elevation, 20-24 degrees, and 25-27 degrees.
CIRS attempted to negotiate to get at least one observation in each bin at each of
the solar epochs.

It was impossible to meet those requirements because (1) the orbital structure,
plotted in the phase-latitude plane, was such that some bins were almost never or
never sampled, and (2) competition for observing time was intense, and these
were not considered as high priority as various other observations.

The name of the observation specifies which bin it was in. The leading 'N' or 'S’
according to whether the observation was of the North or South side of the rings
(always lit and unlit, respectively, in this portion of the mission); the 'P' and
numbers after it label the approximate phase (in degrees) of the observation, and
the 'L' and numbers after it label the approximate latitude (emission angle).

During negotiations, there were originally an 'S' plus two numbers labeling the
solar elevation (e.g., 19, 23, 25), but these were [mostly] dropped when
observations were finalized and entered into CIMS, due to the 10 character
constraint on observation name length. Some of these observations retained a
vestigal 'S', sometimes followed by the solar elevation, sometimes not. This was
an oversight in the naming process. The solar elevation can be easily figured out
according to which rev the observation occurred in, so it was not thought
necessary to keep it.

The P50L30S15 in rev 134 was naming accident. It should be 'NP50L30S15'.

Pointing: All of these observations are FP1 to rings, most use the R. RAD_LON
module for pointing, but some used the P SHAD DUR module which built radial
scans in which the points at all radii were the same number of minutes before or
after shadow ingress or shadow egress.

As with the TEMPS and TMAPS but to a lesser degree, the radial scans were
planned primarily for local times near one or both Ansae. But observations that



were longer and/or at higher elevation often have additional scans not directly

related to the phase/lat requirements.

Instrument Parameters: These observations were all taken at 15¢cm”-1 resolution,

and FP3 and FP4 were used only as data volume permitted.

List of observations:

Observation

Start Time

Duration

CIRS_169RI_NP140L30001_PRIME

2012-204T19:25:00

000T00:55:00

CIRS_170RI_NP50L30S001_PRIME

2012-226T09:45:00

000T04:30:00

CIRS_172RI_NP20L30S001_PRIME

2012-269T06:06:00

000T03:00:00

CIRS_173RI_NP50L30N001_PRIME

2012-292T15:05:00

000T03:00:00

CIRS_174RI_NP50L30006_PIE

2012-316T21:30:00

000T05:00:00

CIRS_176RI_NP50L70004 PIE

2012-345T15:30:00

000T04:00:00

CIRS_176RI_NP20L70001_PIE

2012-346T02:30:00

000T04:00:00

CIRS_179RI_NP20L30S001_PRIME

2013-020T00:00:00

000T06:00:00

CIRS_179RI_NP10L30N001_PRIME

2013-020T15:50:00

000T07:00:00

CIRS_180RI_NP50L70S001_PRIME

2013-032T19:00:00

000T07:09:00

CIRS_181RI_NP20L70S001_PRIME

2013-046T13:28:00

000T03:52:00

CIRS_181RI_NP20L30S001_PRIME

2013-046T17:20:00

000T03:56:00

CIRS_185RI_NP20L70001_PRIME

2013-094T03:20:00

000T04:00:00

CIRS_185RI_NP10L30001_PRIME

2013-094T14:20:00

000T03:00:00

CIRS_186RI_NP20L70001_PRIME

2013-103T14:11:00

000T05:25:00

CIRS_189RI_NP10L30001_PRIME

2013-132T16:06:00

000T04:47:00

CIRS_180RI_NP10L30012_PIE

2013-033T17:19:00

000T05:00:00

CIRS_183RI_NP20L30029_PIE

2013-070T12:35:00

000T04:00:00

CIRS_191RI_NP50L70001_PRIME

2013-153T13:49:00

000T06:00:00

CIRS_194RI_NP20L70019_PIE

2013-189T22:00:00

000T04:00:00

CIRS_194RI_NP20L30019_PRIME

2013-190T02:00:00

000T06:00:00

CIRS_196RI_NP50L70024 PIE

2013-228T21:30:00

000T04:00:00

CIRS_196RI_NP10L30028 PIE

2013-239T10:11:00

000T04:00:00

CIRS_198RI_NP20L30054_PIE

2013-285T15:00:00

000T04:05:00

CIRS_234RI_NP20L10001_PRIME

2016-093T08:46:00

000T03:00:00

CIRS_237RI_NP20L30S2006_PRIME

2016-178T23:34:00

000T05:00:00

CIRS_239RI_NP50L30S2010_PRIME

2016-219T18:36:00

000T04:00:00

CIRS_243RI_NP50L30S2001_PRIME

2016-265T18:34:00

000T04:00:00

CIRS_243RI_NP50L30S2002_PRIME

2016-267T23:15:00

000T03:41:00

CIRS_243RI_NP20L30S2001_PRIME

2016-267T19:15:00

000T04:00:00




ii. Thermal Ditference Campaign: The TDIF campaign remained here, with a name

CIRS_246RI_NP50L30S2001 PRIME

2016-295T05:00:00

000T05:00:00

CIRS 265RI_NP140L50S001 PRIME

2017-073T01:20:00

000T03:00:00

CIRS_201RI_SP90L70S022_PRIME

2014-035T18:02:00

000T04:00:00

CIRS_202RI_SP90L30S022_PRIME

2014-066T22:21:00

000T04:00:00

CIRS_202RI_SP140L70S022_PRIME

2014-068T00:02:00

000T04:00:00

CIRS_202RI_SP140L30S023_PRIME

2014-069T01:32:00

000T04:00:00

CIRS_206RI_SP160L70001_PRIME

2014-199T21:16:00

000T04:00:00

CIRS_208RI_SP50L30001 PRIME

2014-261T08:58:00

000T06:00:00

CIRS_208RI_SP90L70001 PRIME

2014-262T13:21:00

000T04:00:00

CIRS_208RI_SP140L70001_PRIME

2014-263T09:13:00

000T04:00:00

CIRS_211RI_SP50L30001 PRIME

2015-009T09:07:00

000T03:00:00

CIRS_211RI_SP90L30001_PRIME

2015-009T12:07:00

000T04:00:00

CIRS_211RI_SP140L30001_PRIME

2015-010T07:40:00

000T04:00:00

CIRS_234RI_SP140L20001_PRIME

2016-094T01:46:00

000T02:00:00

CIRS_241RI_SP140L70S006_PRIME

2016-244T21:00:00

000T03:00:00

CIRS_245RI_SP140L30S001_PRIME

2016-289T08:56:00

000T02:31:00

change to TDIFINORTH,SOUTH].

1.

observation type:

observation descriptor:

TDIF[(NORTH)I((SOUTH)] (2013 and later)

prime instrument: CIRS
riders:
number of observations:
primary boresight:
spectral resolution:

MIR observation mode:

centers

lit/unlit thermal differential observations
TDIF[NIS][##][LIHP] (pre-2013);

ISS (pre-2013 only), UVIS, VIMS (pre-2013 only)
30 - 15 south, 15 north
CIRS_FP1

15 cmA-1 (39 RTI)

Among the thermal sources heating Saturn's rings, the Sun is by far the
most dominant (with the excpetion of periods at or very near equinox). The
ability of the Sun's radiation to penetrate the rings -- particularly in the more
optically thick regions of the rings -- creates a temperature asymmetry between
the side of the rings directly exposed to the Sun (the lit side) and the opposite face
of the rings (the unlit side). Measuring the temperature differences between the lit
and unlit sides has the potential to reveal how energy is exchanged normal to the
ring plane. However, attempts to discern this information from any two scans is
complicated by the fact that retrieved ring temperatures are dependent on
observation geometry and would require the incorporation of a model that
describes how ring temperature and observation geometry are correlated. This



goal of this campaign was to produce paired sets of scans of the rings taken at
similar solar hour, phase and elevation angles and with inclination angles
distinguished only by their sign. In other words, the scans on one side of the ring
plane have an observation geometry that is similar to that of corresponding scans
flipped about the ring plane. Such scans can be directly compared with minimal
impact from differences in viewing geometry and without the need to resort to
models.

Lit/unlit thermal differential observations (TDIFs) typically contain one
or more radial scans along a constant solar hour angle. Paired opportunities to
view opposite sides of the rings were identified by looking for periods that were
not too widely separated in time where the spacecraft could view the same phase,
emission and local solar hour angles on the lit and unlit sides of the rings. A
circular, polar orbit would be the ideal trajectory to implement such an observing
campaign. Because Cassini was not in a circular or polar orbit, there are
differences between paired sets of scans. The spacecraft's range to the rings was
the observing parameter that differed most significantly between pairs of scans.
And while efforts were made to achieve identical phase and emission angles,
operational practicalities often meant that these parameters could not be made
precisely the same. Often more time was given to one observation in a paired set.
In such cases, the additional time was used to obtain other scans. For instance,
CIRS_089RI_TDIFN45HP001_PRIME contains a radial scan at a local hour
angle of 12, another at a local hour angle of 18 and several scans near Saturn's
shadow that were typical of the CIRS egress/ingress shadow scan campaign; those
two radial scans were intended to be compared with the two radial scans in
CIRS_093RI_TDIFS45H001_PRIME. Temperature differences between the lit
and unlit sides of the rings vary with season and location in the rings. In the B
ring, such differences were minimized near equinox and at their maximum near
solstice. Unlit/lit temperature differences in the C ring are never very much
greater than zero between coordinated TDIF observations.

Unfortunately, it can be difficult to tell from the names of the
observations in this campaign which observations were intended to be compared
to which. They must simply be reviewed. However, clues exist in their names
which allows one to narrow down the possibilities. TDIFs prior to 2013 contain
either an 'N' or an 'S' denoting 'north' or 'south’, respectively, after the "TDIF'
string in the observation descriptor. The two-digit number that follows suggests
the subspacecraft latitude on Saturn, which roughly proxies as the spacecraft
elevation angle (less so the closer the spacecraft was to Saturn). Observations
taken from above Saturn's northern hemisphere from a particular (northern)
latitude will have their complementary scans in a southern TDIF from a similar
(southern) latitude not more than a few orbits removed. In practice, the
subspacecraft latitude coded into the TDIF observation names was either '20' or
'45'. And although the final two characters in the observation descriptor were
intended to discern between low (LP) and high (HP) phase angle observations, all
TDIF observations in this phase of the mission were taken at phase angles greater
than 90 degrees, owing to geometrical constraints and integration scheduling.

Complementary TDIF pairs are far easier to discern starting in rev 186
(April 2013). Although the naming convention was simplified (subspacecraft
latitude and phase are not included), paired observations are easier to spot. These
complementary sets of TDIFs typically fall in the same rev and have
complementary names (‘'TDIFNORTH' versus "TDIFSOUTH'); the sole violation
of this is the pair in which the NORTH TDIF was taken on rev 191 and the
SOUTH TDIF was acquired in rev 194. Observation strategies were refined by



this point in the mission such that observation pairs were more closely
coordinated. Finally, it is important to recall that the sense of 'lit' and 'unlit'
changed over the course of this observation campaign. Prior to August 2009, 'lit'
TDIF scans were taken from over the planet's southern hemisphere; 'unlit' scans
were obtained while Cassini was flying over the northern hemisphere. Following
equinox, this flipped. South TDIFs contain the unlit observations after August
2009; north TDIFs are lit during this portion of Cassini's tour.

TDIFs were typically implemented as radial scans across the main rings
with scan rates ranging between 1000 and 2000 km/minute, with most scans being
in the lower end of that range. Early on in the TDIF campaign, a few scans were
implemented as shadow scans. Observations prior to equinox were taken at
ranges as close 5 Saturnian radii and as distant as 20 Saturnian radii. After 2013,
most TDIFs were taken at phase angles of ~90 degrees, with one observation
being at close range to Saturn (~5-8 Saturnian radii) and the other being at more
distant ranges (~17-22 Saturnian radii). Scan rates were also modified in the
latter set of TDIFs. TDIFs at farther distances from Saturn incorporated slower
scan rates to make up for the reduced resolution of the larger CIRS footprint on
the rings. CIRS was set to record spectra at 15 wavenumbers during these
observations. And they were typically accompanied by ISS support imaging
requests.

iii. Shadow Region Mapping: Detailed maps of the shadow region were brought back
here under the "SHAD" moniker, which mostly used the PSHAD_DUR routine in
CIMS that allowed scans to be taken at a fixed Keplerian orbital time from either the
shadow entry ("ING" for ingress) or exit ("EGR" for egress).

1.

observation type: egress/ingress shadow scan observations
observation descriptor: SHAD[(EGR)I(ING)][LIU]

prime instrument: CIRS

riders: UVIS (2), VIMS (3)

number of observations: 23 - 10 egress, 13 ingress; 16 unlit, 7 lit
primary boresight: ~ CIRS_FP1

spectral resolution: 15 cm?-1 (39 RTI)

MIR observation mode: centers

As ring particles enter Saturn's shadow, they are abruptly cut off from the
most significant heat source: the Sun. They are exposed to this heat source again
just as abruptly when they exit Saturn's shadow on the morning ansa.
Egress/ingress shadow scans are observations that measure the temperatures of
Saturn's rings in the vicinity of Saturn's shadow to record their response to this
abrupt change in their thermal forcing.

Over the course of a typical CIRS egress/ingress shadow scan, multiple
radial scans across Saturn's rings were performed. For these observations the
PSHAD_DUR pointing module within PDT was used to generate pointing
profiles for each scan that were roughly radial but with a longitudinal offset from
the edge of Saturn's egress or ingress shadow boundary. This offset was chosen
to be a set fraction of the local orbital period, which is a function of radius. More
simply put, the PSHAD_DUR module was used to generate radial scans that
accounted for the rings differential Keplerian rotation. Ingress shadow
observations would typically start with a scan that was some number of minutes
from the ingress shadow boundary outside of the shadow; subsequent scans were



taken deeper and deeper into Saturn's shadow. Egress shadow observations
would start with a scan just inside the egress shadow boundary, followed by
multiple scans at increasing distances from this boundary. The result was a set of
observations that map out the cooling and heating curves across the entirety of
Saturn's main rings, sampled at discrete longitudes in each observation.

Typically, C ring temperatures drop and rebound by about ~10 degrees K as its
ring particles traverse the shadow. While there is llittle to no response on the unlit
side of the most optically thick portions of the B ring, there is a subtle variation in
lit B ring temperatures.

Scans were done on both the egress (morning) and ingress (dusk) ansae.
Some observations were taken on the lit side of the rings; others were taken on the
unlit side of Saturn's rings. This is reflected in the naming convention for (most
of) these observations. 'ING' in the request name indicates that it was a scan on
the ingress side of the shadow; likewise, 'EGR' was included in the request name
when the rings were observed along the egress side of the shadow. Lit side scans
have an 'L' in their name; unlit side scans are denoted with a 'U'. The one
egress/ingress shadow scan that does not conform to this naming convention is
CIRS_243RI_SHADUNLOO1_PRIME, which was an observation late in the
mission; as the projection of Saturn's shadow onto the rings no longer extended
out to the A ring owing to the solar elevation angle above the rings, ring
temperatures were only measure in the C and B rings during this observation.

Egress/ingress shadow scans tended to fall at moderate phase angles and
relatively high elevation angles, insuring that Saturn's shadow was visible from
Cassini. Observations were typically scheduled when Cassini was somewhere
between 15 and 25 Saturnian radii from the planet, particularly observations of
the unlit side of the rings. Egress/ingress shadow scans at closer ranges were,
with one exception, lit side observations. Observations were typically between
six and eight hours in duration, with some as short as four hours and one with a
fifteen-hour duration. Scan durations were generally about an hour in duration
with scan rates ranging between 700 km/minute and 1500 km/minute. Because
the goal of these observations was to retrieve temperature information, the
instrument recorded spectra at resolution of 15 wavenumbers, which is the fastest
operating mode and generates the most spectra.

The dedicated egress/ingress shadow scan campaign was implemented
during the XXM mission phase, starting November 2012 and ending in October
2014. As mentioned above, one additional egress/ingress shadow scan was
implemented later in the mission, in October 2016. However, some other
observations included similar scans in the shadow region when they could be
accommodated. Support imaging observations were included with almost every
egress/ingress shadow scan.

A final note is the acquisition of a unique observation --
CIRS_196RI_SHADFP3L001_PRIME -- that was meant to address the same
science goals as the rest of the egress/ingress shadow scan campaign. The chief
difference is that FP3 boresight, with its higher spatial resolution, was the primary
boresight for this observation. It was placed at a local hour just outside the
ingress (dusk) shadow boundary and oriented so that the long axis of the detector
was aligned with the local radial direction the ring plane as projected onto the sky,
as was done for the A ring halo stare and C ring plateau mapping campaigns. FP3
was targeted to the mid A-ring (at a ring radius of 130515 km) and at local hour
angles of 335, 345, 355, 0, and 10 degrees and stared at each location for ~90,
100, 110, 120 and 130, respectively. The increasing duration of each scan was
meant to offset the fact that the ring gets progressively colder at each subsequent



local hour angle; collecting more spectra where the ring is colder helps with the
decreasing signal-to-noise. This observation was not repeated.

v. Composition Sit & Stares: Finally, a number of COMP scans were brought back in
the guise of "COMPUNL" and "COMPLIT", as well as a number of occultation

observations.
i. observation type: regional compositional ring stares
observation descriptor: COMP[(LIT)I(UNL)][ (A(11213)) I (CD) |
(B(1121314)) | (C(11213)) ]
prime instrument: CIRS
riders: 1SS, UVIS, VIMS
number of observations: 76

primary boresight: ~ CIRS_FP1
spectral resolution: 3 cm?-1 (39 RTI)
MIR observation mode: centers

The CIRS instrument has a broad spectral range through the far infrared
out to wavelengths of 1 millimeter. The CIRS regional compositional ring stare
campaign was revived in the latter half of the Cassini mission to take a more
systematic approach to the same goals that motivated such compositional stare
observations in the first half of the mission: 1) determining the location of the
spectral “roll-off” in the far IR and the factors that drive it, 2) providing spectral
evidence for the type of water ice that dominates the far IR signal from Saturn's
rings and 3) searching for the existence of observable contaminants. One of the
main differences between the COMP observations taken during the latter portion
of the misssion was the targeting of specific regions of the rings, not just the rings
themselves (the main exception being the Cassini Division, which is too narrow
for CIRS to distinguish between different regions in that ring for any significant
observation duration).

The design of a typical COMP observation was very simple in scope:
point the CIRS FP1 boresight towards the ansa of the ring region of interest as
long as possible during the observation, while also accumulating a number of
deep space calibration stares (typically twenty minutes' worth) once or twice over
the course of the cobservation. The definition for these different ring regions:

74000-79000 inner C ring (C1)

79000-84000 middle C ring (C2)

84000-89000 outer C ring (C3)

93000-99000 B1 region (begins at 92000, according to
Colwell et al., 2009)

99000-104000 B2 region (ends at 104500, according to
Colwell et al., 2009)

105000-110000 B3 region (begins at 104500, according to
Colwell et al., 2009)

110000-115000 B4 region (ends at 116500, according to
Colwell et al., 2009)

116500-117500 B5 region

118000-122000 Cassini Division




122500-127500 inner A ring (A1)

128000-133000 Middle A ring (A2)

134000-136000 trans-Encke region (A3)

are based upon and generally agree with those defined in Chapter 13 of the Saturn
from Cassini-Huygens book (Colwell et al., 2009), edited by M. K. Dougherty et
al. Observations of each of these ring regions was made over the course of the
mission's final five years, with the sole exception of the B5 ring region, which is
too narrow to have been isolated from the surrounding regions in the FP1 field of
view. For observations longer than 6 hours or so, roughly five minutes' worth of
closed shutter spectra were typically acquired during the middle of the
observation. The intent of this campaign was to generate large numbers of spectra
in the far infrared (on the order of several thousand) over the course of multiple
observations that could be averaged together to provide insight that was not
possible from any one single observation. Three wavenumbers was chosen as the
spectral resolution for this campaign, as it is fine enough to record spectral details
that might be missed in 15 wavenumber observations, yet recorded quickly
enough (once every ~fifteen seconds) that a sufficiently large number of spectra
might be acquired. Finally, we note that during the final year of the Cassini
mission some time (typically 15-20 minutes) was sometimes used during these
observations for collaboration with ISS to search for small objects at the edge of
the A ring and between the A ring and the F ring.

The naming convention for these observations changed over the course of
the final five years of the mssion. From revs 176 through 201, all COMP
observation names use the generic 'RI' target code following the rev number. The
only distinction in the naming being whether the observation was of the lit (LIT)
or unlit (UNL) side of the rings. Starting in rev 203, a more specific target code --
RA, RB and RC -- was used for the A, B and C rings, respectively (Cassini
Division observations use the generic 'RI code for rings). While this does not
allow one to discern the specific ring region targeted during the observation, it
does provide an indication as to which ring was observed. The final modification
to the naming convention came in rev 227, when the two character code
identifying the ring region was appended to the name, allowing one to determine
the target of the observation from the observation name alone, without having to
inspect the data itself.

The only geometric criterion that constrained the COMP observations
(other than spacecraft flight rule constraints based on instrument health and
safety) was that the range be sufficient to cleanly isolate ring regions from one
another. The goal was to obtain COMPs at each ring region at a variety of
observation geometries, although competition for observing time made it
unfeasible to sample all geometries for each of the regions specified above. In
addition, no COMP observations of the unlit side of the B ring were made. The
unlit side of the B ring features the coldest temperatures in the rings, which
reduces the signal-to-noise ratio of the acquired spectra.

Generally speaking, the spectra obtained from these observations are
remarkably flat. A decrease in emissivity is observed at the longest wavelengths,
which is not surprising, as the emissivity of water ice is known to decrease as one
moves towards millimeter wavelengths. There appears to be some variation in
emissivity around 200 wavenumbers (~50 microns), but this is likely an
instrumental artifact. Discerning any composition information from these spectra
will likely require careful modeling and data analysis, particularly at the longest
wavelengths.




€.

2. observation type: low-resolution compositional ring stares
observation descriptor: COMP[LIUJLRES
prime instrument: CIRS
riders: UVIS, VIMS
number of observations: 34
primary boresight: ~ CIRS_FP1
spectral resolution: 3 cmA?-1 (39 RTI)
MIR observation mode: centers

The goals and the implementation of the low-resolution compositional
ring stare campaign is very similar to that of the regional compositional ring stare
campaign. The chief difference between them is that the low-resolution
compositional ring stares were taken when the spacecraft was further from the
planet and no individual ring region could be distinguished (see the discussion of
the extended mission compositional ring stare campaign for a description of the
individual ring regions). Thus, these observations are simply stares at the A, B or
C rings (these observations were made when the Cassini Division could not be
isolated in the FP1 field of view) and are similar to the compositional stares
implemented during the prime mission. Because these observations were taken
far from the planet and competition for observing time was relatively low, these
were typically very long observations. While no one observation was longer than
ten hours, occasionally two nine- or ten-hour observations were scheduled
subsequent to one another. The target of the observation can be discerned by the
target code which follows the rev number in the observation name. And although
observations of the unlit side were allowed for, none were actually scheduled,
owing to the particularities of the tour; by the time these observations were
implemented, the trajectory was such that long observing opportunities typically
came on the lit side of the rings. The decision to schedule a low-resolution
compositional ring stare versus a regular compositional ring stare hinged upon
range to the target. While the spacecraft was within ~25 Saturnian radii from the
planet, normal compositional ring stares were implemented, as this is the
maximum distance at which the B1 region, the broadest of the ring regions
considered for that campaign, could be resolved. Beyond a range of 25 Saturnian
radii, low-resolution compositional scans were carried out. The first
COMPLLRES occurred on rev 205; the final one was obtained on rev 237, after
which point the range to Saturn was typically better suited to regionally-targeted
compositional ring stares.

F-RING/PROXIMAL ORBITS:

During planning for these orbits, the RTWT solicited requests for observations that had

not been done before, and that were only now possible because of the enhanced

resolution that the close-up orbits provided. The CIRS rings team placed 7 observation

types:

i. RSCAN: High resolution scans of the rings. The team debated whether radial scan
was important, and decided it was.

1. observation type: high-resolution radial scan observations



observation descriptor: RSCANI[(LIT)I(DRK)]

prime instrument: CIRS
riders: UVIS (5), VIMS (3)
number of observations: 5 -2 dark, 3 lit

primary boresight: ~ CIRS_FP1
spectral resolution: 15 cm?-1 (39 RTI)
MIR observation mode: centers

Among CIRS' three focal planes, FP1 was best suited for obtaining
retrieving temperature information for Saturn's rings, as the Wien peak for
blackbody radiation at temperatures typical of Saturn's main rings falls within it
spectral range. Unfortunately, FP1 also has the lowest spatial resolution of the
three focal planes. And spatial resolution from ISS images, UVIS occultations
and VIMS observations generally far exceeded thermal scans with FP1. For this
reason, the geometries in Cassini's ring grazing and grand finale orbits proved
particularly beneficial for CIRS thermal ring scans. In addition to flying very
close to the rings, Cassini also flew high above (and below) them, traveling in an
orbit with an inclination over 60 degrees. The resulting low emission angles
possible when observing near periapsis in this phase of the mission minimized
foreshortening of the field of view on the rings, effectively reducing the spatial
resolution and further sharpening the view of the rings from CIRS. The high-
resolution radial scan campaign was designed to obtainfull radial scans of the
main rings at some of the highest spatial resolutions during the entire Cassini
mission.

RSCANSs were short observations -- typically some 3-4 hours in duration
-- during which one slow scan across the main rings along a constant solar hour
angle was obtained. Scans tended to follow the direction of motion of the
spacecraft. During inbound scans of the lit side of the rings, FP1 was scanned
radially inward; FP1 was scanned radially outward on outbound scans of the unlit
side of Saturn's rings. At least one brief period of deep space calibration spectra
acquisition was incorporated into the design of each RSCAN. The brief duration
of these observations and the rapidly changing, close range geometry made it
difficult to acquire more than one deep space calibration block during the grand
finale orbits.

High-resolution radial scans implemented on the inbound portion of the
end-of-mission orbits were on the lit side of the rings. They were consequently
named RSCANLIT. Outbound observations of the unlit rings were labeled
RSCANDRK. Unfortunately, one of the two planned unlit side of observations --
CIRS_277RI_RSCANDRKOO01_PRIME -- was lost because of downlink
problems. The loss was significant, as the unlit side scans show an unanticipated
and intriguing amount of radial structure.

Lit side RSCANS tended to fall at moderate phase angles. The one dark
side RSCAN was at slightly higher phase angles. RSCANs were obtained close
to Saturn, with a spacecraft range to the planet center falling between 2.5 and 6
Saturnian radii, yielding spatial resolutions as low as 600 km. The elevation
angles of these observations were high, exceeding 65 degrees and approaching 90
degrees. Scan rates ranged between 400 and 700 km/min, with 400 km/min being
more typical. Observations were made at 15 wavenumbers (39 RTI), yielding
oversampled radial scans optimized to derive temeprature information.



ii.

Because of the geometry demands on this observations campaigns,
RSCANs were implemented strictly in the final year of the mission, though many
other CIRS observations consist of similar radial scans at faster scan rates and
farther ranges from the rings.

HALO: Observations of the outer A ring, designed to look for enhancements of
signal in density wave locations

1. observation type: A ring halo stare observations
observation descriptor:  HALO[(LIT)I(DRK)]

prime instrument: CIRS

riders: none

number of observations: 4 - 3 dark, 1 lit

primary boresight: CIRS_FP3

spectral resolution: 15 cmA-1 (39 RTI)

MIR observation mode: centers

Saturn's A ring is perturbed by density waves raised by its retinue of satellites.
Large and small moons alike generate these waves at resonance locations that happen
to fall within the A ring. VIMS, UVIS and ISS all reported photometric properties in
the vicinities of the strongest of these waves that were different from that of the
surrounding regions. These photometrically distinct regions were dubbed 'halos' by
Cassini rings scientists. However, CIRS, with its relatively coarse spatial resolution,
was not typically able to distinguish the halos from the surrounding A ring material.
There is reason to suspect some signal near the halos in the thermal infrared, as the
density waves might be expected to enhance particle spins and vertical motions,
modifying the ring material's response to the local thermal environment. This
campaign is an attempt to resolve the A ring's halos with FP3 and to generate a radial
map of different halo zones.

HALO observations included multiple ~40-minute integrations at a constant solar
hour angle at various halo locations. The implementation was similar to the plateau
mapping observations in the C ring. The spacecraft secondary was oriented to align
the FP3 array with the radial direction in the ring plane as projected onto the sky.

FP3 was targeted to a radius just beyond or inside the density wave to be mapped and
subsequently moved inward or outward at the beginning of a new integration to cover
the entire region. The Mimas 5:3 and Janus 4:3 waves were each mapped once from
the unlit side of the rings on the dusk ansa. The Janus 5:4 wave was observed from
the lit and unlit sides of the rings at identical solar hour angles on the morning ansa.
These features, as observed by VIMS, are described in Hedman et al. (2013). Spatial
resolutions of 100-200 km in each FP3 pixel were required to resolve the halos,
requiring close proximity to the A ring. These observations were all scheduled on the
ring-grazing orbits, typically when the spacecraft range to Saturn was 5.5-7.5 Saturn
radii. The local hour angle providing the highest spatial resolution was targeted.

Both the lit and unlit sides of the halos were mapped. Lit side stares were named
HALOLIT; HALODRK denotes unlit side observations. But because there was much
competition for time on the lit side of the rings when the spacecraft was close enough
for this observation campaign, only one HALOLIT was incorporated into the
timelines. It was easier to schedule HALO observations on the unlit side of the rings,
as there was not as much competition from the other instruments for this time. These



ii.

iv.

observations were all scheduled at the end of 2016 and beginning of 2017, on revs
253 through 256.

CASDIV: Azimuthal scans of the Cassini division, similar to the VCAS from
extended mission, but where the field of view fit more completely into the Cassini
division.

1. observation type: Cassini Division azimuthal scans

observation descriptor:  CASDIV[(LIT)I(UNL)]

prime instrument: CIRS

riders: ISS (2), UVIS (3), VIMS (4)

number of observations: 5 - 2 unlit, 3 lit

primary boresight: CIRS_FP1

spectral resolution: 15 cmA-1 (39 RTI)

MIR observation mode: centers

The Cassini Division, spanning just some 4,000 kilometers in radial extent, is
relatively narrow when compared to the other main rings of Saturn. Owing to the
broad angular extent of CIRS' FP1 detector, most attempts to observe the Cassini
Division prior to the ring-grazing and grand finale orbits were contaminated by the A
and B rings at the edges of the FP1 field of view. And although the region is often
compared to the C ring, the Cassini Division appears to be very different from the C
ring. It appears to have much lower thermal inertia, and it does not show the
characteristic signature of small grains. These observations are an attempt to follow
up on those observations with azimuthal scans that are devoid of any contamination
from the neighboring rings.

CASDIV observations consist of slow azimuthal scans of the Cassini Division
with FP1 trained on the center of the ring. The three ring-grazing orbit CASDIV
observations were relatively long observations -- between five and seven hours each -
- at ranges between 5.5 and 10 Saturan radii from the planet. Phase angles on the
unlit side observations were relatively high for these observations, while it was
significantly lower in the one lit side CASDIV observation in the ring-grazing orbits.
The spacecraft was typically at higher elevation angles above (below) the rings to
reduce the impact of foreshortening and to make it easier to resolve the Cassini
Division.

The grand finale CASDIV observations were two shorter observations of four
hours apiece. These were taken from greater range (14.7 to 16.3 Saturnian radii),
which constrained these observations to focus on the ansae of the Cassini Division.
Each was taken on the lit side of the rings. Phase angles were slightly lower than the
unlit side ring-grazing CASDIVs, and the elevation angle was modest; owing to
foreshortening, the Cassini Division could no longer be cleanly separated from the A
and B rings with FP1 farther from the ansae. The longitudinal scan rate was a modest
0.3 degrees per minute, with the exception of the rev 255 CASDIV observation,
which used a scan rate of 0.475 degrees per minute.

UNSHAD: Azimuthal scans of the unshaded A ring

1. observation type: Unshadowed A ring azimuthal scans



observation descriptor:  UNSHAD[(LIT)I(DRK)]
prime instrument: CIRS

riders: ISS (2), UVIS (3), VIMS (4)
number of observations: 2 - 1 dark, 1 lit

primary boresight: CIRS_FP1

spectral resolution: 15 cmA-1 (39 RTI)

MIR observation mode: centers

The 'unshadowed' in the unshadowed A ring azimuthal scan campaign refers to
the fact that by early 2017 the entirety of Saturn's A ring was in sunlight around the
whole of its circumference, as the outer edge of Saturn's shadow on the rings ended in
the Cassini Division. This observation campaign, which consists of just two
observations, was intended to facilitate studies of the subtle role of Saturn-shine in the
rings’ thermal balance. While the contribution to a ring particle's thermal balance due
to thermal emission from Saturn is constant as one goes around the planet, that
contribution due to light reflected by the disk of Saturn changes as Saturn's apparent
solar illumination varies as seen from a given particle. This campaign serves as a
counterpart to the equinox observations during which the Sun’s role was minimized.

The UNSHAD observations were both implemented at spacecraft ranges of 6 to
11 Saturn radii from the center of Saturn, with the lit side observation on rev 270
coming at a slightly greater distance from Saturn and the rings. Both were at high
elevation angles above the rings, but the unlit side (DRK) observation was made at
higher phase angles than the lit side observations. In each instance, FP1 was targeted
to a ring radius of 130,500 km, in the middle of the central A ring. And while the
longer duration unlit side observation has a greater longitude coverage, both
observations cover the same longitudes on the morning side of the rings. The scan on
the unlit side was started at a solar longitude of 285 degrees and advanced at 0.4
degrees per minute; the lit side scan began at a solar longitude of 330 degrees with an
azimuthal rate of 0.36 degrees per minute.

. AZSHADSCN:

1. observation type: azimuthal shadow mapping observations
observation descriptor:  AZSHADSCN

prime instrument: CIRS

riders: UVIS (1)

number of observations: 2

primary boresight: CIRS_FP3

spectral resolution: 15 cmA-1 (39 RTI)

MIR observation mode: blinking, centers

When ring particles enter Saturn's shadow, they are abruptly cut off from the
Sun, the source of the rings' most significant thermal input. The result is an abrupt
cooling of the rings. However, the detailed response of the ring temperature as
measured by CIRS generated by this sudden change in the thermal environment is
likely to depend on the overall structure of the rings themselves and the interactions
between ring particles. In the most optically thick portions of the rings, the thermal
response may be like that of a static slab, as the high density of ring particles likely
inhibits much motion, locking the ring particles into structures that are generally
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unchanging. The least optically thick sections of the rings may also have a simple
thermal response, as there may be minimal interaction between the particles; the
response is more likely to be determined by individual particle properties. But
regions of intermediate optical depth, where particles move across the ring plane and
interact thermally are likely to show a response more complicated than that of a slab.
This observation campaign is intended to provide a more detailed characterization of
the rings' thermal response to the transition into Saturn's shadow.

The two observations in the azimuthal shadow mapping observation campaign
consist of stares at multiple solar hour angles in the vicinity of the egress edge of
Saturn's shadow. Each observation spanned about nine degrees of ring longitude,
with at least one stare just outside the shadow region to establish a set of baseline
temperatures. The FP3 array of pixels was aligned tangentially to the local radial
direction as projected into the ring plane to target very nearly the same ring radius in
each of the FP3 pixels. In addition to twenty-minute deep space stares, FP1 was
scanned slowly across the region mapped with FP3. As FP1 spectra are better
determinants of ring temperature -- at the expense of spatial resolution, -- the intent of
this FP1 azimuthal slew was to help resolve any ambiguities in the determination of
the temperature fields mapped with FP3.

Azimuthal shadow mapping observations were performed when the spacecraft
was roughly 10 - 11 Saturnian radii from the planet. Phase angles were between 110
and 120 degrees, with moderate elevation angles above the ring plane of 30 to 40
degrees. Each FP3 stare had a duration of roughly ten minutes before the next solar
hour angle was targeted. FP1 scans were implemented at a rate of roughly one degree
of solar hour angle per minute. Overall observation times were short, at just three
hours each.

One of the last CIRS observation campaigns to be implemented during the
Cassini mission, only two were ever executed. Both were observations of the B ring.
The AZSHADSCN implemented in rev 282 targeted the center of the optically thick
B3 region, at a ring radius of 107,500 km, and used FP3's blinking mode. The rev
283 AZSHADSCN targeted the center of the less optically thick B1 region, at a ring
radius of 96,000 km from Saturn, and used FP3's centers mode. The inconsistency is
likely an oversight. Had these observations been conceived earlier in the mission,
more ring radii would have been targeted. Each of the AZSHADSCNSs included
supprt imaging from ISS.

PLAT: High resolution scans of the plateau regions in the C ring.
1. observation type: C ring plateau mapping observations
observation descriptor:  PLAT[(LIT)I(DRK)]

prime instrument: CIRS

riders: ISS (2), UVIS (2), VIMS (1)

number of observations: 2 - 1 dark, 1 lit

primary boresight: CIRS_FP3

spectral resolution: 15 cmA-1 (39 RTI)

MIR observation mode: centers, blinking

The inner and outer C ring contains several bright bands bands with a radial
extent between 40 and 250 kilometers. The origin and eveolution of these structures,
known as plateaus, is not well understood. With visibly sharp inner and outer edges,



plateaus are unique to the C ring. They tend to have enhanced optical depth at their
inner and outer edges. With their relatively narrow extent, these mysterious
structures were not very accessible to CIRS for most of Cassini's tour at Saturn. This
changed during Cassini's grand finale's orbits, as Cassini's trajectory at periapse made
Cassini an excellent platform from which to observe the C ring. This campaign is an
attempt to resolve the C ring's plateaus using FP3 to generate radial maps across these
features.

PLAT observations featured multiple extended integrations across different
plateaus. The implementation was similar to the halo stare observations in the A ring.
The spacecraft secondary was oriented to align the FP3 array with the radial direction
in the ring plane as projected onto the sky. FP3 was targeted to a radius just beyond
or inside the plateau to be mapped and subsequently moved inward or outward at the
beginning of a new integration to cover the plateau being targeted. The observation
in rev 270 targeted just two plateaus: P8 and P11 (see Colwell et al., 2009, for plateau
details). Each one was observed at three different solar hour angles in Saturn's
shadow to map out their response to entry into the shadow. The duration of each
stare was increased with increasing distance from the ingress shadow edge to account
for lower temperatures and increase signal-to-noise. FP3 was operated in centers
mode; this sacrifices spatial coverage in exchange for more spectra per pixel used,
which was an important consideration observing the rings in the thermal infrared
within the relatively cold shadow of Saturn. The observation in rev 283 mapped out
multiple plateaus: P5, P7, P8 and P11. The Maxwell Gap was imaged as well with
FP3. The plateaus were observed at the same solar hour angle on the dawn ansa for a
duration of ~20 minutes apiece. Blinking mode was used during this observation, as
this allowed for data to be taken with all ten FP3 pixels, extending the spatial
coverage of this observation.

Both the lit (rev 283) and unlit (rev 270) sides of the plateaus were mapped. Lit
side stares were named PLATLIT; PLATDRK denotes unlit side observations. The
unlit observation was scheduled when Cassini was between 6 and 9 Saturnian radii
from the planet. The lit observation was shorter but from closer range; Cassini was
between 5.5 and 3.5 Saturn radii when this observation was made.

.ANSASTARE: F ring observations were brought back as ANSASTARE
observations, under the hopes that as we got close to the rings we would get more
signal than had been available from the FMOVIE and FMONITOR that occurred
early in the mission. These observations were not taken from close in, but during the
Apoapse part of the orbit.

=
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f. ODDS & ENDS:

i. Polarization Integrations
Observation Type: Polarization Integrations
observation descriptor: POL[RU/ARIZ]
prime instrument: CIRS
riders: TBD
number of observations: 9
primary boresight: CIRS_FP1
spectral resolution: 15 cm?-1 (39 RTI)



ii.

ii.

Description: The goal of these observations are to determine whether or not the
rings exhibit a non-zero polarization in the thermal IR. The FP1 channel is a
Martin-Puplett interferometer and allows only one linear polarization through the
instrument (see Appendix ?). This along with the fact that FP1 is also a circular
aperture, one can, in principal, use the instrument to detect the linear polarization
of an observed target with a minimum of 3 rotations about the FP1 aperture (3
orientations are required to determine I, Q, & U and 4 orientations are required to
determine 1,Q,U, & V). With a body mounted instrument, this requires three
distinct orientations of the spacecraft without violating flight rule constraints.

Observations were conducted by picking distances where changes in the spatial
territory covered by FP1 at the three orientations are minimized (observations
near apoapse satisfies this). Three distince orientations (separated by 60°) where
chosen such that flight rules were avoided.

Note that it is important to also avoid geometries where the phase angle changes
rapidly during the observations. Since polarization in the thermal IR is likely
small, it is important to draw from a calibration set which minimizes errors from a
lack of deep space observations (e.g. the DS4000 database).

Stellar Occultations

Observation Type: Stellar Occultations
observation descriptor: [CWLEO/ETACAR]OCC
prime instrument: CIRS

riders: TBD

number of observations: 6 CWLeo, 5 Eta Carinae
primary boresight: CIRS_FP3

spectral resolution: 15 cm?-1 (39 RTI)

Description: CIRS has the ability to detect stars which exhibit strong signatures in
the thermal IR. As a result, it is theoretically possible to determine the optical
depth of the rings at these wavelengths. FP3 was chosen as the best boresight to
use for detection of the candidate star due to peak stellar signal and good NESR.
The caveat is that when one tracks a star with a CIRS boresight, the pixel
containing the star contains signal from both the star and the rings. To alleviate
this issue, it is important orient the FP3 boresight along the track of the star.
Thus, the secondary spacecraft axis was chosen to be perpendicular to the local
orbital plane of the spaecraft trajectory.

The lowest spectral resolution was chosen to allow for the maximal detection the
stellar signal, in addition to allowing the most data points along the stars path.

Note that accuracy of pointing is key to correlating the radial position being
probed by the star.

Note also that it is imporant to use a large number of DSCALSs in order to
minimize the noise and allow the detection of the target star.

Rings On Saturn (OnSats):
Observation descriptor: ONSAT



Prime instrument: CIRS

Riders: ISS, UVIS, VIMS

Number of observations: 3

Primary boresight: CIRS_FP1, CIRS_FP3, CIRS_FP4
Spectral resolution: 15 cmA-1 (39 RTI)

Description: The goal of this observation is was to observe the rings with Saturn
in the background source. The detected signal would be comprised of thermal
radiation from the rings themselves and Saturn’s thermal signature as filtered by
the rings. Thus, one would have to rely on thermal spectra acquired at other times
of the latitudes covered by the FOV. Filtering of Saturn signature would be
dependent on several parameters (e.g. optical depth, filling factor, porsity, grain
size, composition, etc.)

Scott G. Edgington 11/30/2018 10:37 AM

Comment [1]: Check this.

iv. Ring Saturn Reflections (SatRefl):
Observation descriptor: SATREFL
Prime instrument: CIRS
Riders: UVIS
Number of observations: 6
Primary boresight: CIRS_FP1, CIRS_FP3, CIRS_FP4
Spectral resolution: 3 cmA-1 (96 RTI)

Description: The science goal was to determine how much of Saturn's own
thermal radiation is reflected from the rings for energy balance determination.
The ideal geometries was where Saturn irradiation of the rings is dominant over
solar effects. Thus, observations of territory in Saturn's shadow and near zero-
Saturn phase angle are preferred. Several factors would influence this
measurement (e.g. optical depth, ring albedo, porosity).

5. Observation Lists

Below is a table (Table 1) of the 694 CIRS prime observations for which data exist and has
been pulled back from Goddard. The observations are grouped by name, and the number of
each is shown, along with what revs and portion of the mission they appear in.

Following that is a table (Table 2) of the same observations, but parsed into groups
representative of the purpose of the observations.

Accompanying this report is a set of thumbnail plots of the footprint size and locations
acquired during each observation. Those plots are grouped according to the names given in
the second table. Note that for quick rendering purposes, the (R,HA) location of each
footprint is plotted onto a rendering of Saturn that is what the spacecraft would have seen at
the beginning of the observation. For a number of observations, the sub-spacecraft elevation
and azimuth changed significantly during the observation and rings opened or closed. That is
not displayed in these renderings.

Also accompanying this report is a spreadsheet listing all the CIRS prime observations.
There are currently errors in it:



Table 1:
Observations

the number of phase/lat data files (NPxxx) is significantly different from the
number of observations in the spreadsheet. either observations were lost, or were
not pulled back from goddard, or errors were made while trimming duplicate
observations from the list;

note that CIMS sometimes lists an observation twice, for no apparent reason, even
when ““public only" etc. are selected. there was an episode around rev 080 when
Scott mistakenly loaded some observations twice using the wrong mode, so that
both copies appeared (our usual method for design was to build the timing, sasf,
and XML's for the observations for a whole segment, and then load the XML's
into CIMS all at once). It looks like I did the same thing with some of the
phase/lat observations a couple years later.

There may be a PIE or two missed because they are not listed as PRIME

. other?

SHADL[LMH]P 18 000-077
SHADU[LMH]P 7 010-064
SHADA 1 00A
SHADCAS 1 44
SHADLCAS 2 42
SHADULCAS 1 66
SHADC[IN,0OUT] 2 00A
SHADEGR[U, L] 9 179-209
SHADING[U, L] 12 176-200
SHADFP3 1 196
SHADUNL 1 243




comp 8 00A-102
COMPA 1 00A
COMPC 1 00A
COMPLIT 10 183-213
COMPUNL 6 176-200
COMPLITA 10 227-283
COMPLITB 18 232-287
COMPLITC 4 231-288
COMPLITCD 5 234-292
COMPUNLA 12 237-282
COMPUNLC 10 233-274
COMPLLRES 33 205-237
SUBMLXX[LMH] 27(28) 00A-074
SUBMUXX[LMH] 53(54) 00A-078
SUBMSXX[LMH] 7 084-093
SUBMMLP 1 38
SUBMLVEN 1 63
VERTL[L,M,H]P 16 007-072
VERTU[L,M,H]P 24 008-073
VERTULCAS 2 56,057




VCASILS,US][L,HP] 3 085-104
VENC[UN,L][L,M,H]P 3 087-102
TEMPL 31 7-75
TEMPU 45 00B-079
TEMPN 5 079-080
TEMPS 4 079-082
TMAPNXX[L,M]P 28 088-118
TMAPSXX[L,M]P 16 085-111
TMAPS 2 134
NPXXXLXXX 32 176-265
P50L30515 1 134
SPXXXLXXX 14 202-241
TDIFNXX[L,M,J]P 10 089-107
TDIFSXX[L,M,J]P 10 093-106
TDIFNORTH 4 186-246
TDIFSOUTH 2 194,245
VTMPL 1 62
VTMPU 2 77,078
VTMPN 11 081-113




VTMPS 9 087-110
FMONITOR 73 00A-055
FMOVIEA 3 003-005
FMOVIEB 4 019-023
FMOVIEC 1 49

ANSASTARE 6 255-286
EQLBN 14 112-137
EQLBS 13 112-133
EQSB 1 116

CWLEOOCC 5 031-089
ETACAR 1 78

ETACAROCC 5 183-269
RDOROCC 1 186

URTHECAR 1 186

RSCANILIT,DRK] 5 253-277
HALO[DARK, LIT] 4 253-256
CASDIV[UNL,LIT] 5 255-292
UNSHAD[DRK, LIT] 2 269,270
AZSHADSCN 2 282,283




PLAT[LIT,DRK] 2 270,283 X
FP34INTEG 2 008-032 X

ONSATULM 3 026-046 X

SPLITVIMS 1 33 X

SPLITISS 1 34 X

SUBRADAR[U, L] 4 051-058 X

ZEROPHASE 1 26 X

SATREFL 4 107-236 X X
POLARIZ 8 114-125 X X

Table 2: Observations by Purpose

25 SHAD_PM SHADL, SHADU

7 SHAD_PM2 SHADLCAS, SHADULCAS, SHADUNL

22 SHADOW SHADEGR, SHADING

26 COMP_PMXM COMP, COMPA, COMPC, COMPLIT, COMPUNL
37 COMPL_XXM COMPLITA, COMPLITB, COMPLITC, COMPLITCD
22 COMPU_XXM COMPUNLA, COMPUNLC

33 COMPLOWRES COMPLL

27 SUBML_PM SUBML




53 SUNMU_PM SUBMU

9 SUBM_MISC SUBMS, SUBMMLP, SUBMLVENC
16 VERTL_PM VERTL

26 VERTU_PM VERTU

8 VERT_MISC VERTULCAS, VCAS, VENC

35 TEMPL_PM TEMPL, TEMPS

50 TEMPU_PM TEMPU, TEMPN

46 TMAP TMAP

33 PHASLATL_XXM NP, P50

14 PHASLATU_XXM SP

26 TDIF TDIF

85 FRING FMOVIE, FMONITOR, ANSASTARE
23 VTMP VTMPL, VTMPU, VTMPN, VTMPS
28 EQOBS EQLBN, EQLBS, EQSB

13 0OCCS CWLEO, ETACAR, RDOR, URTHE
20 FPROX RSCAN, HALO, CASDIV, UNSHAD, AZSHAD, PLAT




FP34INT, ONSAT, SPLIT, SUBR, ZEROPH, SATREFL,
24 MISC POLARIZ

. Rider Observations

Philosophy: When data volume allowed for it, CIRS riders were placed on other Prime Ring
observations. This allowed for CIRS observations at times when CIRS could not obtain a
Prime observation. These riders allow CIRS to obtain data at a random regions of the
available geometric phase space that it might have missed if no observations were conducted
to begin with. Some riders may also have been part of campaigns conducted by the Rings
Working Group.

. Support Imaging Observations

Philosophy: When data volume allowed Support Images were taken during every Prime
CIRS Ring observation. Occasionally, Support Images were taken when CIRS was a rider
and the observation warrented it.

. CIRS Ring Data Volume Cut Guidelines (or Why Not Collect Data 24-77?)

The following is the order of precedence of any cuts in data volume to CIRS Rings
observations (and associated calibrations). They are only to be made if the need arises where
data volume issues cannot be resolved without CIRS participation. Note that in 1 hour, CIRS
collects 14.4 Mb at its full rate of 4000 bps.

a. Priority (Least Painful):
i.  Cut FP4 on Ring Riders.
1. Keeping only FP1 and FP3.
2. Results in a 45% (~5/11) cut in data volume.

ii.  Cut FP4 on Ring Primes (keeping only FPI and FP3). A 45% cut in data
volume.

1. Keeping only FP1 and FP3.
2. Results in a 45% (~5/11) cut in data volume.
b. Priority (Painful):

i.  Reduce the number of hours DSCALs by an amount up to 50% —sge
(12/13/11)

1. Due to the sensitivity of DSCALSs to RWA rates, try to spread the cuts
across several DSCALSs. —sge (12/13/11)

ii.  Cut FP3 and FP4 on Ring Riders.
1. Keeping only FP1.
iii.  Results in a 90% (~10/11) cut in data volume.
c. Priority (Extremely Painful):

i.  Reduce the number of hours DSCALs by an amount up to 90% (leaving a
minimum of 1 hour). —sge (12/13/11)




10.

1. Due to the sensitivity of DSCALSs to RWA rates, try to spread the cuts
across several DSCALs.. —sge (12/13/11)

ii.  Cut FP3 on Ring Primes (keeping only FPI).
1. Keeping only FP1.
2. Results in a 90% (~10/11) cut in data volume.
ii.  Cut Ring Riders.
1. Very last resort!
iv. Cut DSCAL.

1. Avoid this option!!! [Note that it is better to cut two adjacent
DSCALSs in half, rather than cut one completely. Reason: bracketing
observations and SAP bits. —sge (01/17/08)] [Additional reasoning:
Hits due to CIRS unfriendly RWA rates are quite random and makes
the complete cutting of a DSCAL a bad choice. Even leaving a
placeholder would help to mitigate this effect downstream. —sge
(11/11/11)]

v.  Cut Ring Primes.
1. Avoid this option!!!

Note also that CIRS also consistently collects between 70-80% of its specified data
volume (see Shawn Boll’s Data Utilization study). [Please note that DSCALSs should
have already been tweaked to reflect this fact. —sge (11/11/11)]

Rings Database
a. Summary
b. Functionality
Time Ordered Listing of All CIRS Rings Observations
a. Primes (By type? Time Ordered?)
b. Riders (Time Ordered?)
c. Support Images (Time Ordered?)
Useful References
a. 2004 SSR Paper
b. 2017 Review Paper
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From Space Science Reviews paper.

1.1. SATURN’S RINGS

The four-year Cassini tour has three distinct intervals of inclined orbits which are of primary
interest for ring science (Cuzzi et al., 2002; Matson et al., 2002; Wolf, 2002). The early inclined
sequence, which begins about 9 months into the tour, catches the rings close to their maximum
opening angle, and near their warmest. These orbits reach a maximum inclination of about 20°.
This sequence is followed by almost a year with the spacecraft orbiting in Saturn’s equatorial
plane. This time is good for edge-on ring measurements, primarily of the faint rings. The Titan
180° transfer sequence begins about two years into the tour. This sequence has two stages, an
“up-leg” where the orbit inclination is increasing, and a “down-leg”, where the orbit inclination
is decreasing. The maximum inclination in this sequence is about 50°. A few months later the
final, high inclination sequence begins. The spacecraft ends the 4-year tour in a high-inclination
orbit (about 75°) with periapse on the lit side of the rings. This time provides a unique, high-
inclination view of the rings.

SOL. The short period of time immediately following the Saturn Orbit insertion burn is of key
interest for CIRS ring science. The spacecraft soars over the unilluminated side of the main
rings and is nearly an order of magnitude closer to the rings than it will be at any other time in
the mission. A single scan of a portion of the main rings will be obtained at 15.5 cm- resolution.
CIRS FP1 resolution will range from 40 to 100 km, and FP3/4 resolution will range from 3 to 8
km, with the highest resolution over the A ring.

The main types of CIRS ring observations are listed below, in order of increasing spacecraft
elevation. A schematic of these observations is shown in Fig. 1. Typical ring radial resolution
for focal planes FP1 and FP3/4 as a function of distance from the rings is shown in Fig. 2.

= Faint Ring Long Integrations. The low optical depths of the faint D, E, F and G rings
will pose particular observing challenges for CIRS. These rings are best viewed edge-on
because this geometry enhances the instrument fill factor. Low spectral resolution of 15.5
cm' with FP1 provides the best signal-to-noise and should be sufficient for detecting the
variations of emissivity with wavelength, which is our primary measurement goal. From
close range (~ 10 R,) and small opening angle, the FP1 filling factor will approach 1%
when pointed at the F ring’s ansa. Integrations of ~ 10 minutes should yield usable
signals. However, because the F ring is so clumpy, it needs to be sampled at many
longitudes before a truly representative spectrum can be obtained. Observations will
consist of alternating between both ring ansae every ~30 minutes to achieve the most
complete rotational coverage of this ring. The E ring will be observed by pointing FP1
near the orbit of Enceladus, where the long edge-on line of sight through the ring
maximizes the fill factor. However, this fill factor will still remain quite low, ~ 10+, so ,
detecting the E ring will require many, perhaps 100 or more, hours of integration. On the



other hand, because the ring is so thick vertically, the observing range can be quite large
(3040 R,). More observing time is available then during these apoapse periods of the
tour. The VIMS and UVIS instruments will also require substantial integration on this
ring, so E ring observations will be cooperative activities between all of Cassini’s optical
remote sensing instruments. Unfortunately, the best possible fill factors for the remaining
rings, D and G, are still lower than for Ring E. It is unlikely that either will be detected
with CIRS.

Composition Integrations. CIRS will determine with unique accuracy the ring spectrum
between 50 and 1000 ym. As intimately mixed contaminants significantly influence this
part of the spectrum, mixtures derived from the visible and near-infrared spectra will be
tested against this new spectrum. Spectra of the three main rings over the full CIRS
wavelength range will be obtained to determine possible radial variations in the bulk
composition. Two types of observations will be made: high spectral resolution (0.5 cm)
FP3 emission measurements of the A, B and C rings, and high spectral resolution
transmission measurements of the rings with the rings against Saturn. The former can be
obtained from large ranges 20—-40 R. because of FP3’s fine spatial resolution; long
integrations of 10-20 hours will be obtained on representative locations in each ring. The
transmission measurements will be made from 20 R. at relatively low ring opening
angles. This will allow a search for absorption features in the A and C rings, and the
Cassini division. The same region of Saturn will be observed in at a similar spatial
resolution when the rings are not present, to establish the background. The transmission
spectra will be obtained over a series of emission angles.

Stellar Occultations. A handful of stellar occultations are observed by CIRS to directly
obtain the ring opacity in the infrared. Only a limited number targets are observable by
CIRS, including CW Leo and Eta Carinae. Eta Carinae occultations are only observable
during the final month of the tour. Occultations are observed in one FP3 pixel (CW Leo)
or one FP4 pixel (Eta Carinae) at 15.5 cm" spectral resolution.

Radial scans. These scans are typically executed between 5 and 20 R. over a range of
spacecraft inclinations, from low (5°) to highest possible inclination (75°). Radial
mapping (FP1, FP3) of the rings, on both lit and unlit sides, over a range of spacecraft
elevations, local times and phase angles, is performed to obtain broadband radiometric
measurements of the total flux and spectral shape in the CIRS wavelength range. Sets of
observations are obtained in each of the inclined orbit intervals to map the temperature
variation in the rings with changing solar illumination. Two types of scans are planned.
Temperature scans will consist of spectra taken at 15.5 cm" spectral resolution of the lit
and unlit sides of the rings at many incidence and emission angles and provide prime
information on the ring thermal gradient as a function of radial distance to Saturn.
Submillimeter scans will be made of spectra at 1 cm spectral resolution of the lit and
unlit sides of the rings to map the thermal characteristics and composition of the ring
particles out to 1 mm.



= Azimuthal scans. These observations are executed between 5 and 20 Rs at spacecraft
inclinations greater than 20°. They will be used to study the surface properties, the
vertical dynamics and the spin of ring particles. Observations of the cooling and heating
of the ring particles entering and emerging from the planetary shadow are planned to
derive particle thermal inertias for all three main rings. It will make measurements at
moderate radial resolution (typically 1000 km) across the shadow boundaries at low
spectral resolution (15.5 cm*) with the FP1 field of view. To constrain the vertical
dynamics of ring particles, the temperatures of the main rings will be measured by CIRS
along the azimuth of the main rings, from the exit of the shadow (morning) to the evening
ansa, both on the unlit and unlit faces. This unique experiment will be realized with
spectra at low spectral resolution (15.5 cm"). Spins create both an azimuthal asymmetry
in the ring temperature and a dependence of the temperature with the emission angle, due
to day/night contrast. Circumferential scans at a variety of phase and emission angles will
be executed to detect azimuthal asymmetries and the anisotropy in the ring particle
emission function which are both function of particles spin and thermal inertia.
Occasionally, when observing time is highly disputed, long azimuthal scans (8-to-20
hours long depending on geometry and face) will be replaced by a series of radial scans at
different azimuths.

There are other types of joint observations as well. Combined data from CIRS and VIMS, over a
wide range of geometric and illumination conditions, will define the interior thermal distribution,
from which a density distribution within the particles can be estimated. The thermal inertia and
the infrared optical depth will be derived, which will provide information on regolith density,
and possibly on collisional processes. The determination of the interior thermal distribution
relies on the opportunities afforded by the orbiter and the semi-transparency of the ring particles
at submillimeter wavelengths. Information about the particle interiors will be obtained by long
spectral averages at various locations in the rings with spatial resolutions from a few hundred to
several thousand km. These observations will be taken at many incidence and emission angles
over the mission.
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Figure Captions

Fig. 1: CIRS observations of Saturn’s rings as a function of spacecraft elevation. Typical CIRS
ring observations are depicted as a function of the observed ring opening angle.

Fig. 2: CIRS FP1 and FP3/4 spatial resolution as a function of distance from the rings. The
spatial resolution for FP1 and a single pixel in FP3 or FP4 are shown as a function of the
distance from the rings, for normal ring viewing. The curves above also depict the ring
radial resolution when viewing the rings at either ansa. For comparison, the radial extent of
ring features such as the Cassini Division, B ring plateau/C ring ramp, and C ringlets are
indicated.
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Planning

This section of the Rings target notebook contains a detailed view of the observation planning, design,
and development as they were prepared and intended to execute on the spacecraft. Itis important to
note that the user MAY find small differences in pointing or timing between what was planned and what
executed on board. CIRS planned 2711 observations of the Rings over the course of the Cassini mission
which are in the time ordered listings included in this section

The time ordered listing contains the name, the start time, duration, and end time for each Icy satellite
observation. If the observation was within a moveable block of time, there will be an entry in the Epoch
column — a simplistic way to use this information is as an alert to the user that there may be a shift in
the start and end time due to a change in the time of closest approach to the target (time of flight
error).

The name itself gives much information about the observation. The naming convention is complex
enough that a decoder ring has been provided below:

In the example of CIRS_000ORB_COMPOO01_PRIME , CIRS (first 4 characters indicate the
instrument that is collecting data); 000RB (second group of 5 characters indicate the Cassini
revolution or orbit number is 000 and the target id — in this case RB stands for the B Ring);
COMPOQO01 (the third group of up to 10 characters indicates that this observation is involves
composition and that it is the first in a series of similar/repeatable observations in the revolution
or orbit); PRIME (the last 5 characters indicate that CIRS controlled the pointing of the
spacecraft for this observation).

It is important to note that in many cases CIRS collected data while other instruments controlled
the pointing — this category of observations were called “riders” or “collaborative riders”. This
class of observations are easily identified by the last few characters in the observation name —ie
UVIS, VIMS, ISS, Sl (support imaging), and RIDER.

For each observation in the time ordered listing, there exists ancillary data that was generated during
the integration and implementation process. There is a graphical image (ODD plot) that depicts the
target at some point of time in the observation — this can give the user a quick look at the placement
and spatial resolution of the CIRS field of views. The planned pointing and instrument commanding can
be viewed in the shortform (sfof) text file. The planned c-kernels (ck) provide the highest level of
detailed pointing available for the observation. Cubes exist for all the observations and are delivered
with our data to the atmospheric node of PDS however we are providing those for all the CIRS rider
observations as capturing all the ancillary files for each rider was very time consuming and out of the
scope of our budget. These files are all accessible by hyper-link from the time-ordered listing.

In addition, rows in the TOL highlighted in orange are observations lost in execution due to instrument
or spacecraft anomaly. Details are available in the Database section of this handbook.



