June 24, 2008

Cassini-Huygens Mission to Saturn 4" Anniversary



Mission Overview



Huygens and Cassini
The Scientists and the Machines

Christiaan Huygens Criovanni Domenico Cassind

Christiaan Huygens Giovanni Domenico Cassini
(1629-1695) Dutch (1625-1712), Italo-French
scientist, who astronomer, who discovered
discovered the true several of Saturn’s satellites:
nature of Saturn’s Ia_lpetus, Rhea, Tethys and
rings, and in 1655, D_|one. In 1675, h_e
Titan discovered what is today
called “Cassini Division” the
gap in-between the two

main rings of Saturn




Cassini Orbiter & Huygens Probe




Cassinl Spacecraft
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Cassini Spacecraft Specs
 Height: 6.8 m (22 ft)
Diameter: 4 m (13 ft)
Mass: 2125 kg (2.8 tons)
(fueled+probe): 5700 kg (6
tons)

Power: 700 Watts at SOI
.5 GB recorder

Huygens Probe:

320 kg (=700 Ibs)
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Cassini Instruments:

Optical Remote Sensing (ORS)

CIRS: Composite Infrared Spectrometer

ISS: Imaging Science Subsystem

UVIS: Ultraviolet Imaging Spectrograph

VIMS: Visual and Infrared mapping Spectrometer

Microwave Remote Sensing
RADAR: Cassini Radar
RSS: Radio Science Subsystem

Magnetospherie and Plasma Science (MAPS)

CDA: Cosmic Dust Analyzer

INMS: lon and Neutral Mass Spectrometer
MAG: Dual Technique Magnetometer
MIMI: Magnetospheric Imaging Instrument
RPWS: Radio and Plasma Wave Science
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Cost

e (Cassini total cost $3 billion
— $2.5 B NASA for Cassini, $0.5 B ESA for Huygens
— Spread over ~20 y -> $150 M/y
— Cassini 0.5% of NASA annual budget ($16.8 B)

 NASA annual budget $16.8 B
— 1.7% of U.S. discretionary spending ($982 B)
— 0.6% total U.S. budget ($2800 B)



384,000 kilometers

(239,000 miles)




THE SATURNIAN SYSTEM

Ring Plane Crossings

Janus
Epimetheus
Cassini _Encke Cassini SOI
Division Pivision Pioneer 11 outbound
(Pan) Voyager 2

F ring
(Prometheus,
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Pioneer 11 inbound
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Voyager 1 outbound
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Mission Overview - 4th year of tour
The climb to high inclination

~27 orbits to complete, ~10 sequences, 13 targeted flybys, 74 non-
targeted icy satellite (120,000 km or less) opportunities

In the 4th year of the Cassini tour we started with equatorial orbits and
we got our only targeted lapetus flyby (September 2007) of the mission -
a big highlight!

We have two very low (<10,000 km) non-targeted flybys, one of Rhea
(Aug 30, 2007) and one of Epimetheus (Dec 03, 2007).

The last targeted Enceladus flyby of the prime mission (Mar 12, 2008).
For most of the 4th year, we were increasing the inclination to near polar
(over 70 degrees) orbits to look down on Saturn and its rings, this is the
highest inclination of the prime and extended missions.

The scientists and tour designers are beginning to work on proposals for
an extended extended mission
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Mission Summary Chart

Targeted lapetus . High Inclinatio
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Figure 2.2 Cassini Tour Segment Timeline (2002-01)




Seq
S32
S33
S33
S34
S35
S35
S36
S36
S38
S38
S39
S40
S40

Rev
48
49
49
50
52
53
54
55
59
61
62
67
69

Targeted Flyby Summary - 4 year

Name
48T (1) [T34]
49T () [T35]
491A (t) [11]
SOTI () [T36]
S2TI (1) [T37]
S53TI (1) [T38]
S4TI (1) [T39]
S5TI (1) [T40]
SOTI (1) [T41]
61EN (t) [E3]
62TI (t) [T42]
67TI (1) [T43]
69T (1) [T44]

Event
TITAN
TITAN
IAPETUS
TITAN
TITAN
TITAN
TITAN
TITAN
TITAN
ENCELADUS
TITAN
TITAN
TITAN

Epoch (SCET)

2007-200T01:11
2007-243T06:33
2007-253T14:16
2007-275T04:43
2007-323T00:47
2007-339T00:07
2007-354T22:58
2008-005T21:30
2008-053T17:32
2008-072T19:06
2008-085T14:28
2008-133T10:02
2008-149T08:24

Date
Jul-19
Aug-31
Sep-10
Oct-02
Nov-19
Dec-05
Dec-20
Jan-05
Feb-22
Mar-12
Mar-25
May-12
May-28
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Saturn

 Saturn is the 6th planet from the Sun. It is a giant gas planet, the
2nd largest in the solar system.

« Known since ancient times it is named after the Roman god of
agriculture (Greek god “Cronus”), and “Saturday” is the only day
of the week to retain it’s Roman origin in the English language.

e Saturn consists mostly of Hydrogen (H) and Helium (He), and has
a density of .7 g/cm? (less than that of water).

 Saturn’s atmosphere exhibits a banded pattern similar to Jupiter,
but the bands are much fainter and wider.

 Saturn’s winds are the fastest in the solar system.
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Icy Satellites

e The Saturn system has 60 confirmed satellites, most are
small and far away from the planet.

 There are 8 major icy satellites (not including Titan)

 Mimas, Enceladus, Tethys, Dione, Rhea, Hyperion,
lapetus, and Phoebe

* They are located outside the major ring system and vary in
size from tiny Phoebe (D=137 miles) up to Rhea (D=950
miles) the seventh largest moon in the solar system)

e Their surfaces are dominated by water ice and shaped by
the forces of tectonics, impact cratering, erosion, and even
volcanism.

e The densities range from .6 g/cm3 (Hyperion) to 1.6g/cm?3
(Enceladus).

15



THE SATURNIAN SYSTEM
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Saturn's Ilcy Moons
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Saturn's 60th Moon: Anthe

EPALLENE

ISS, 30 May 2004



Saturn's Small Flying Saucers
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Icy Satellite Close Encounters

Tethys 18,945 km 27 Jun 2007
Rhea 5,737 km 30 Aug 2007
[apetus 1,644 km 10 Sep 2007

Epimetheus 6,364 km 2 Dec 2007
Enceladus 52 km 12 Mar 2008
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ISS, 15 February 2008; 30 September 2007; 22 March 2008; 8 February 2008 ,;



Map of Dione

Map of Saturn’s Moon Dione - May 2008

180°

500 km

22



N~
o
&)
AN
Q
C
>
o
N~
AN
)
2



Tethys Up CLéS
g

ISS, 27 June 2007 ,,



\ ISS, 29 June 2007 45
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ISS, 10 May 2008



Map of Tethys

Map of Saturn’s Moon Tethys - February 2008




Rhea Encounter

ISS, 30 August 2007



Rhea Up Close
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ISS, 30 August 2007



Rhea Up Close, In Stereo

ISS, 30 August 2007
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Rhea's Ring
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ISS, 31 December 2004
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Other Side

lapetus

ISS, 10 Sept. 2007



ISS, 10 Sept. 2007
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lapetus' Albedo Contrast
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lapetus' Albedo Confrast
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CIRS, 10 Sept. 2007



UVIS, 10 Sept. 2007

38



[apetus' Composition

1.75-micron Reflectance lapetus Composition Map

Green = H,0 strength
Blue = Rayleigh scattering strength

VIMS, 10 Sept. 2007

39



lapetus’
Ridge

ISS, 10 Sept. 2007 (http://photojournal.jpl.nasa.gov/catalog/PI1A08404)



ISS, 10 Sept. 2007

Iapetus Up Close
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Map of lapetus

Map of Saturn's Moon Iapetus - January 2008




Epimetheus

ISS, 3 December 2007
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ISS, 14 July 2005,



South Polar Terrain

Enceladus’

45

ISS, 14 July 2005




Enceladus' Plumes

ISS, 27 November 2005 (http://photojournal.jpl.nasa.gov/catalog/PIAQ07762) 4



nceladus' Plume Sources

Spitale and Porco, 2007 4,



ISS, 30 September 2007 UVIS stellar occultation, 24 October 2007 4



Enceladus' Plumes

UVIS stellar occultation, 24 October 2007
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Cassini Encounters with Enceladus

Composite of 2005 Enceladus Plume Observations
(assuming symmetry about the spin axis)

m==_CIRS hot spot / ISS tiger stripes
X UVIS occultation non-detections

O UVIS occultation: circle area =
1 x 10° em™® H,0 (for 100 km pathlength)

tNMS:circle area =
5x 10°em® H,0
CDA: circle area = 0.1 m*®

+—+ Upcoming flybys
(10 sec. time ticks)

Rev. 120, 130

1000
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Cassini's Enceladus Encounters
——E1 - rev 4, 497 km

——E2 -rev 11, 166 km
—E3 - rev 61, 50 km
E4 - rev 80, 50 km
—E5 - rev 88, 21 km
—E6 - rev 91, 196 km
m—F7 - rev 120, 99 km
E8 - rev 121, 1603 km
(off chart)

——E9 - rev 130, 99 km

E10 - rev 131, 198 km
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Enceladus' Plume Compositions
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Enceladus' Temperatures

CIRS, 12 March 2008 -,



Enceladus’ Temperatures
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Enceladus' Northern Territory

ISS, 12 March 2008 54



Saturn’s Atmosphere:
Results from Cassinl

Andrew P. Ingersoll
June 24, 2008
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Electrical storms, but
where’s the lightning?



The 2008 electrical storm: Same latitude as previous
storms but much longer lived (6 months and still going)
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Saturn electrostatic discharges intensity
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Night time on Saturn:

More light than on Earth under a full moon, except at the winter
pole (currently the north pole) where the rings are over the horizon
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South polar hurricane:
It has an eye but no ocean
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North polar hexagon and
aurora
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Saturn North Pole: K. Baines, Cassini VIMS

This slide contains a movie: No_Hexagon.mov
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Saturn’s north polar hexagon (red) and aurora (blue)
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Temperature map of Saturn’s north pole:
hot spot from 89° latitude to the pole
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Equatorial oscillation:
like the Earth’s QBO



g, -

equator

September 1997

13°S latitude =

May 2006
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Eaquatorial Zonal Wind. Deseasoned M-n-nmt!' Me_ans_

ROARRC TN VAR TR SL 1 LY

1975 1880
Equatorial Zonal Wind. 9-48 Month Bandpass
b T .

Earth’s quasi-biennial oscillation (QBO). The pattern circles the

Earth and varies with time. Equator is warmer than neighboring
latitudes when westerly wind (red) is increasing with height
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End of mission scenario:
Burn up In the planet’s
atmosphere;
Collect data for preceding 6
months
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End of Mission Scenario:

Put Cassini into a polar orbit (blue ellipses on the right) that
skims through the atmosphere inside the D ring (the white
gap on the left). Measure gravity (internal structure), magnetic
field (internal rotation), and atmospheric composition. At the

end, Cassini burns up in the atmosphere

litan arbi
1
. plane




Juno trajectories - mapping the internal gravitational
and magnetic fields: latitude of periapse ~ 0°,
longitude of periapse ~ equally spaced at intervals of 12°
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UTC: ZO06 MAY 0% OR:35:07.3
H12E5 338585 _1.IMSE.0cal

Angle CHS—EMI-SUN = 152,71

Angle CAS—ENC—SAT = 118,73

Line from Caosaini to Saturn
Line from Casaini to Saturn oxis, porallsl to Ang plans.

Ray from Caasini post Merth Pole of Saturn

View from equatorial plane; Saturn and Cassini are in
the plane of the diagram. Faint red dotted line is from
Cassini to north pole of Saturn. Yellow is to Sun.
Phase angle (Cassini-Saturn-Sun) = 162°
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