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Cover image: Tectonics on Titan: A set of three parallel ridges was seen by the Cassini spacecraft’s
radar instrument during the latest Titan flyby on May 12, 2008. This combination is unlikely to be a
coincidence -- the best explanation for these features is that they are tilted or separated blocks of broken
or faulted crust, now exposed as high ridges. Their reqular spacing is typical of regions that have been
compressed or extended over large areas; as an example, the western United States Basin and Range
Province was formed by extension. Such interactions are called tectonics, although they do not happen
in the same way as plate tectonics, which is a process unique to Earth. The ridges, which appear on the
left side of the image, are rugged features and are elevated above surrounding terrain. The brightness
patterns mean that the materials are fractured or blocky at the radar wavelength (2.17 centimeters, or
about 1 inch). Along the south sides of the ridges are prominent cliffs, or scarps, present as thin, radar-
dark lines trending west-to-east, and interpreted as faults. These features are dark due to shadowing
from the radar illumination, and have heights up to a few hundred meters (several hundred feet), based
on preliminary estimates of slopes. The area shown here is located in the mountainous region called
Xanadu. The ridges are similar in many ways to mountain chains seen at similar latitude but about 90
degrees to the west, just west of Shangri-La (observed during a flyby in October 2005, Dunes and more
dunes). Both regions have mountain chains or ridges that are oriented west-to-east and are spaced about
50 kilometers (30 miles) apart. This indicates tectonic forces have acted in a north to south direction at
Titan's equatorial region and have resulted in reqular effects in Titan's crust, evidence that will help
scientists better understand Titan's crust and interior. Other linear features, probably related to the
formation of the ridges, and circular features, perhaps eroded impact craters now filled with radar-dark
(smooth) material, are also seen in the image. The largest circular feature, at bottom center, is about 20
km in diameter. The image is centered at 2 degrees south, 127 degrees west and was obtained on May
12, 2008, with a resolution of about 300 meters (980 feet). The open arrow indicates the direction of
radar illumination. The dashed white line in the upper portion is an artifact of the SAR processing and
will be removed in later versions. Credit: NASA/JPL/Space Science Institute

1.0 OVERVIEW

A mere 16 days after its previous visit, Cassini once again approaches Saturn’s largest moon
for the mission’s forty-fifth targeted encounter with Titan. The closest approach to Titan
occurs on Wednesday, May 28, at 2008-149T08:24:32 spacecraft time at an altitude of 1400
kilometers (~880 miles) above the surface and at a speed of 6.3 kilometers per second (14,000
mph). The latitude at closest approach is 12.4 degrees N and the encounter occurs on orbit
number 69.

This encounter is set up with two maneuvers: an apoapsis maneuver on May 21, and a Titan
approach maneuver, scheduled for May 24. T44 is the ninth in a series of outbound encounters
and the last Titan encounter in Cassini’s Prime Mission. It occurs just over two days after
Saturn closest approach.

Saturn is obscured by Titan at closest approach, so this image shows the view of Saturn from the
spacecraft roughly 5 minutes prior to closest approach.
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ABOUT TITAN

If Titan were a planet, it would likely stand out as the most important planet in the solar
system for humans to explore. Titan, the size of a terrestrial planet, has a dense
atmosphere of nitrogen and methane and a surface covered with organic material. It is
Titan that is arguably Earth’s sister world and the Cassini-Huygens mission considers
Titan among its highest priorities.

Although it is far colder and lacks liquid water, the chemical composition of Titan’s
atmosphere resembles that of early Earth. This, along with the organic chemistry that
takes place in Titan’s atmosphere, prompts scientists to believe that Titan could provide
a laboratory for seeking insight into the origins of life on Earth. Data from the Huygens
probe, which touched down on Titan’s surface in January 2005, and the Cassini orbiter
has shown that many of the processes that occur on Earth also apparently take place on
Titan — wind, rain, volcanism, tectonic activity, as well as river channels, and drainage
patterns all seem to contribute in shaping Titan’s surface. However, at an inhospitable
-290 degrees Fahrenheit (-179 degrees Celsius), the chemistry that drives these processes
is fundamentally different from Earth’s. For example it is methane that performs many
of the same functions on Titan that water does on Earth.

The Huygens probe landed near a bright region now called Adiri, and photographed
light hills with dark river beds that empty into a dark plain. It was believed that this
dark plain could be a lake or at least a muddy material, but it is now known that
Huygens landed in the dark region, and it is solid. Scientists believe it only rains
occasionally on Titan, but the rains are extremely fierce when they come.

Only a small number of impact craters have been discovered. This suggests that Titan’s
surface is constantly being resurfaced by a fluid mixture of water and possibly
ammonia, believed to be expelled from volcanoes and hot springs. Some surface
teatures, such as lobate flows, appear to be volcanic structures. Volcanism is now
believed to be a significant source of methane in Titan’s atmosphere. However, there are
no oceans of hydrocarbons as previously hypothesized. Dunes cover large areas of the
surface.

The existence of oceans or lakes of liquid methane on Saturn's moon Titan was
predicted more than 20 years ago. Radar and imaging data from Titan flybys have
provided convincing evidence for large bodies of liquid. With Titan's colder
temperatures and hydrocarbon-rich atmosphere, these lakes and seas most likely
contain a combination of liquid methane and ethane (both hydrocarbons), not water.



1.1

The Cassini-Huygens mission, using wavelengths ranging from ultraviolet to radio, is
methodically and consistently revealing Titan and answering long-held questions
regarding Titan’s interior, surface, atmosphere, and the complex interaction with
Saturn’s magnetosphere. While many pieces of the puzzle are yet to be found, with each
Titan flyby comes a new data set that furthers our understanding of this world as we
attempt to constrain scenarios for the formation and evolution of Titan and its
atmosphere.

TITAN-44 SCIENCE HIGHLIGHTS

RADAR : T44 altimetry will be close to Hotei, over an area that was SAR imaged by
T43. The SAR swath sweeps northwest across Xanadu, over the Shangri-La

dunefields and onto Dilmun. The SAR will image the southern edge of Xanadu, which
shows a sharp boundary in microwave emissivity that is not presently understood. The
SAR data is hoped to yield information on Xanadu's large-scale topography, as well as
the influence of Xanadu on regional wind patterns as revealed in the dunes, and a
partial overlap with T13 SAR may give stereo information and refine estimates of
Titan's rotation state.

INMS uses the RADAR orientation, and because of the higher altitude of this flyby the
spacecraft is above most of ionosphere and INMS will obtain exospheric observations.
The team will use these observations to identify what chemical compounds are escaping
from Titan’s atmosphere, looking at both altitude and the difference between the
northern and southern hemispheres.

CIRS continues to extend spatial and temporal coverage of Titan, from low-spectral
resolution disk maps to high spectral resolution nadir and limb integrations. Getting
good time resolution is very important because we are looking for seasonal changes in
the stratosphere, especially the expected break-up of the northern polar vortex in
northern spring. In a rare occurrence, during the T44 targeted Titan flyby, CIRS will be
observing the rings of Saturn. Usually, the Titan observations are considered more
compelling during the flybys since the geometries and opportunities are so spectacular,
so this Rings observations is quite unique. CIRS will determine the mean thermal
gradient across Saturn's many-particle-thick rings by executing radial scans of Saturn's
main rings (A, B, C) over multiple illumination geometries (including phase, S/C
inclination, and solar elevation) on the lit and unlit sides of the rings. This is one of
those observation sets.

VIMS observations concentrate on determining time scales for cloud formation and
dissipation.

ISS: The T44 flyby geometry shows a half-illuminated Titan as Cassini approaches and
recedes. On approach ISS will carry out night-side imaging for photometry and
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searching for lightning and aurora. ISS will also acquire a regional-scale map of Hotei
Arcus, its highest-resolution observation of this region to date. Outbound, ISS will see
portions of Belet and Adiri and territory to the north, capturing global and full-disk
mosaics. As the geometries of the T41 through T44 flybys are very similar, ISS has
opportunities to detect clouds in this region every few weeks.

e RPWS: As Titan is out “in front” of Saturn, the T41 through T44 flybys put the
spacecraft in an ideal location to have another opportunity to see Titan outside of
Saturn’s magnetosphere, in shocked solar wind ahead of the magnetosheath as
happened on T32. We are interested in duplicating the flyby geometry to look for
shorter time-scale phenomena in Titan’s plasma environment, so this series of four
flybys, especially T41 through T43, will offer that opportunity.

SAMPLE SNAPSHOTS

Three views of Titan from Cassini before, during, and after closest approach to Titan are
shown below. The views are oriented such that the direction towards the top of the page is
aligned with the Titan North Pole. The optical remote sensing instruments’ fields of view
are shown assuming they are pointed towards the center of Titan. The sizes of these fields
of view vary as a function of the distance between Cassini and Titan. A key for use in
identifying the remote sensing instruments fields of view in the figures is listed at the top
of the next page.



Key to ORS Instrument Fields of View in Figures

Instrument Field of View Depiction in Figure
ISS WAC (imaging wide angle camera) Largest square
VIMS (visual and infrared mapping spectrometer) Next largest pink square
ISS NAC (imaging narrow angle camera) Smallest green square

CIRS (composite infrared spectrometer) — Focal Plane 1 |Small red circle near ISS_NAC FOV

UVIS (ultraviolet imaging spectrometer) Vertical purple rectangle centered

within largest square

View of Titan from Cassini two hours before Titan-44 closest approach

1. Request: Meys Target: Titan ration/Footprint Time: 003-149T06:

G0 0 50

Lat_Lon)




View of Titan from Cassini at Titan-44 closest approach




View of Titan from Cassini two hours after Titan-44 closest approach

1. Request: Me jues arget: Titan o tion/Footarint Time G-143T10:

Lat_Lon)

an: Thu




Titan Groundtracks for T44: Global Plot
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Titan Groundtracks for T44: Polar Plot

T44, TITAN GROTINDTRA! f— 15 hours from €/A — R2O08-149T00;:24:10.0 {colored w/ alt)
50UTH

CR & BW - &P

18 hours from €/4 C/A — PO0OD—149T00:24:18.0 (colored w/ phase)
S0UTH
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The T44 timeline is as follows:

Cassini Titan-44 Timeline - May 2008

Colors: yellow = maneuvers; blue = geometry;
pink = T44-related; green = data playbacks

150T01:
150T03:18:00

150712:12:00

02:36

May 29 04:36
May 29 13:30

Wed

28

06:36

Wed May 28 08:36 PM
Thu May 29 05:30 AM

T44+16h54m
T44+18h54m
T44+01d04h

Playback of T44 Data
Titan surface observations-VIMS

Playback of T44 Data
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Orbiter UTC Ground UTC Pacific Time Time wrt T44  [Activity Description
110T07:18:00 Apr 19 08:36 Sat Apr 19 12:36 AM T44-39d01h Start of Sequence S40 Start of Sequence which contains Titan-44
May 24 21:16 Sat May 24 01:16 PM T44-03d12h OTM #157 Prime Titan-44 targeting maneuver.
May 25 23:23 Sun May 25 03:23 PM T44-02d10h Pallene Non-Targeted Flyby Altitude = 28,230 km (~17,541 miles)
May 25 23:32 Sun May 25 03:32 PM T44-02d10h Atlas Non-Targeted Flyby Altitude = 60,537 km (~37,616 miles)
May 25 23:33 Sun May 25 03:33 PM T44-02d10h Descending Ring Plane Crossing
May 26 00:07 Sun May 25 04:07 PM T44-02d10h Janus Non-Targeted Flyby Altitude = 63, 900 km (~31,510 miles)
146T23: May 26 00:24 Sun May 25 04:24 PM T44-02d0%h Saturn Periapse fggl‘gggpe“ﬂpsev W= ZAH WS, BE = =2 G5, [EED =
147T19 May 26 21:01 Mon May 26 01:01 PM T44-01d13h OTM #157 Backup
148704 May 27 06:01 Mon May 26 10:01 PM T44-01d04h Start of the TOST segment
148T04 May 27 06:01 Mon May 26 10:01 PM T44-01d04h Turn cameras to Titan
148T05: May 27 06:31 Mon May 26 10:31 PM T44-01d03h New waypoint
148705+ May 27 06:31 Mon May 26 10:31 PM T44-01d03h Deadtime '_?n’";'l‘;;fftﬁese°°“ds (IS UEEE @ CESIMEERLE CEEES
148T05:19:32 May 27 06:37 Mon May 26 10:37 PM T44-01d03h Rings Observations-CIRS Rings temperature
148T07:44:32 May 27 09:02 Tue May 27 01:02 AM T44-01d01h Turn cameras to New Waypoint
148T708:19:32 May 27 09:37 Tue May 27 01:37 AM T44-01d00Oh New waypoint
Obtain measurements of nitriles, hydrocarbons, and an
148T08:19:32 May 27 09:37 Tue May 27 01:37 AM T44-01d00h Titan atmospheric observations-CIRS [oxygen compound, CO2, as a function of latitude and
emission angle (at equator) on Titan.
148T10:24:32 May 27 11:42 Tue May 27 03:42 AM T44-22h00m Titan atmospheric observations-CIRS gtt)::;gséazﬁgmatlon @ G T SHUSER CF WS
148T16:24:32 May 27 17:42 Tue May 27 09:42 AM T44-16h00m NAC Nightside Imaging search for and monitor lightning/aurora
148T17:24:32 May 27 18:42 Tue May 27 10:42 AM T44-15h00m Titan atmospheric observations-CIRS febiE OIOMIEGEn O €0, e, @il (nisgmis @ dikk
at airmass 1.5--2.0.
148T19:24:32 May 27 20:42 Tue May 27 12:42 PM T44-13h00m Titan surface observations-VIMS Cloud map
op. N - 5 - Several slow scans across Titan"s visible hemisphere to
148T723:24:32 May 28 00:42 Tue May 27 04:42 PM T44-09h00m EUVFUV Imaging of Titan o el OaEeEs
149T05:24:32 May 28 06:42 Tue May 27 10:42 PM T44-03h00m WAC Nightside Imaging search for and monitor lightning/aurora
149T06:24:32 May 28 07:42 Tue May 27 11:42 PM T44-02h00m Transition to thruster control
149T06:25:32 May 28 07:43 Tue May 27 11:43 PM T44-01h59m Turn cameras to New Waypoint
149T06:33:32 May 28 07:51 Tue May 27 11:51 PM T44-01h51m New waypoint
149T06:33:32 May 28 07:51 Tue May 27 11:51 PM T44-01h51m Titan surface observations-RADAR Inbound Scatterometry
149T07:54:32 May 28 09:12 Wed May 28 01:12 AM T44-00h30m Titan surface observations-RADAR Inbound altimetry
149708:09:32 May 28 09:27 Wed May 28 01:27 AM T44-00h15m Titan surface observations-RADAR inbound low rate SAR
149708:17:32 May 28 09:35 Wed May 28 01:35 AM T44-00h07m Titan surface observations-RADAR high rate SAR
-0~ o o = " Altitude = 1400 km (880 miles), speed = 6.3 km/s
149T08:24:32 May 28 09:42 Wed May 28 01:42 AM T44+00h00m Titan-44 Flyby Closest Approach Time (14,000 mph): 21 deg phase at closest approach
149708:31:32 May 28 09:49 Wed May 28 01:49 AM T44+00h07m Titan surface observations-RADAR  |Outbound low rate SAR
149T08:39:32 May 28 09:57 Wed May 28 01:57 AM T44+00h15m Titan surface observations-RADAR outbound altimetry
149T08:57:30 May 28 10:15 Wed May 28 02:15 AM T44+00h33m Ascending Ring Plane Crossing
149T08:54:32 May 28 10:12 Wed May 28 02:12 AM T44+00h30m Transition off of thruster control
149T09:16:32 May 28 10:34 Wed May 28 02:34 AM T44+00h52m Titan surface observations-RADAR Outbound scatterometry
May 28 11:21 Wed May 28 03:21 AM T44+01h39m Titan surface observations-RADAR  [outbound radiometry
May 28 14:47 Wed May 28 06:47 AM T44+05h05m Turn cameras to New Waypoint
149713:48:32 May 28 15:06 Wed May 28 07:06 AM T44+05h24m New waypoint
149T13:48:32 May 28 15:06 Wed May 28 07:06 AM T44+05h24m Titan surface observations-1SS NAC global map
149T17:00:32 May 28 18:18 Wed May 28 10:18 AM T44+08h36m Titan atmospheric observations-1SS [WAC photometry
149T17:24:32 May 28 18:42 Wed May 28 10:42 AM T44+09h00m Titan atmospheric observations-CIRS g:t::nmggso;mg_:gnoon g g ntegrate on dis
on- - - NAC Monitoring of Surface and monitoring for surface/atmosphere changes; attempt to
g2 May 28 20:42 Wed May 28 12:42 PM T44+11h00m Atmosphere see surface color variations; monitor limb hazes
149721:24:32 May 28 22:42 Wed May 28 02:42 PM T44+13h00m Titan surface observations-VIMS |Regional map
149T22:24:32 May 28 23:42 Wed May 28 03:42 PM T44+14h00m Titan surface observations-VIMS |Global map
coa- - - 3 22 minutes 28 seconds long; used to accommodate
150T00:24:32 May 29 01:42 Wed May 28 05:42 PM T44+16h00m Deadtime CheteEs o liny G
150T00:47:00 May 29 02:05 Wed May 28 06:05 PM T44+16h23m Turn to Earth-line

Goldstone 70

Global map

Madrid 70
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