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Summary of Major Enceladus flybys

Rev Date Distance (km)
003 17 Feb 2005 1200
004 9 March 2005 500
005 29 March 2005 64,000
008 21 May 2005 93,000
011 14 July 2005 175
028 8 Sept 2006 40,000
032 9 Nov 2006 94,000
047 28 June 2007 90,000
050 30 Sept 2007 88,000
061 12 March 2008 50
074 30 June 2008 99,000

(Distances are based on an earlier
reference tour.)




Trajectory

Cassini's Enceladus Encounters

——E1 - rev 4, 497 km

* Rev 61 involves a passage — e 60
into the plume (although later o
observations will go even —es-revon, 1

—E6 - rev 91, 196 km

deeper) S

* Closest approach does not (., e/ .. | e
occur during the plume S ——

passage
oL\
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E8 - rev 121, 1603 km
(off chart)




Main scientific objectives

Radar scatterometry of both hemispheres to determine cm-scale roughness and radiometry
to understand the energy balance

VIMS compositional mapping to determine the identity of volatiles, organics, and minerals,
and place them within a geologic context

MAPS examination of the particle environment at 50 km from the surface to determine the
nature of the material coming form the surface and its relationship to the E-ring

ISS meter-scale imaging to determine the geologic history of Enceladus, including possible
remnant tiger stripes; first good view of north polar regions (is all of it heavily cratered?)

CIRS observations of the warm-up after solar eclipse to determine the heat capacity and
textural properties of the regolith; observations of hot spots and determination of any
changes from the previous flyby

Search for variability in the plumes and particle environment



Enceladus 3 Preview

INMS
J. Hunter Walite
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Comparison of INMS H,O and CDA Particle Densities

Enceladus—Water 'Density, Dust Density »
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Previous Results

*From INMS Science paper, March 2006

min max best fit (#4) best fit (#4)
species abundance abundance error abundance error
H20 0.9070 0.9150 0.0300 0.8964 0.1398
Cco2 0.0314 0.0326 0.0060 0.0279 0.0115
CO or N2 0.0329 0.0427 0.0100 0.0229 (N2) 0.0125
CH4 0.0163 0.0168 0.0040 0.0135 0.0105

Mass 28 peak (CO or NZ) has undergone the
most change, falling in abundance to make room
for other species




H20 counts

Enceladus Trajectory Comparisen
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What can INMS do with improved
S/N

« Determine the difference in composition of
the plume source versus the global source

* Measure NH4(?) and H,
 Distinguish between N, and CO
 Measure minor hydrocarbon species
 Measure noble gases?

* Determine O and N isotopic ratios?



E2 encounter data exhibits asymmetry in spectral signature

Plume source- data taken <500 km prior to CA

Global source- data taken <500 km after CA

Separate Source Profiles?

Species

co,

CH,

Plume Source

Abundance
(error)

0.8920 *+ 0.1540
0.0300 = 0.0104

0.0141 £ 0.0089

(4.03 = 3.85)x 103

0.0164 =+ 0.0087

(0.936 + 1.84) x 10

0.0418 = 0.0370

Global Source

Abundance
(error)

0.9350 =+ 0.3430
0.0183 = 0.0146

0.0114 = 0.0146

(0.781 = 3.05) x 10

0.0258 =+ 0.0210

(5.95 + 8.64) x 103

X

Plume Source

Global Source

Error Error
Encounter Improvement Improvement
E3 (50 km) 2.29 2.20
E3 (75 km) 2.13 2.08
E3 (100 km) 1.99 2.01

According to our current model projections,
our improved counting statistics will improve
our abundance errors (left) by the factors shown

above




Improvement in Detection Capabilities for H,,
NH;, N,

Trajectory minimum detectable minimum detectable N, abundance (relative C2 group detection:
Closest Approach abundance of NH, abundance of H, to CH4) necessary to mass 26 counts relative
to surface (relative to H,0) (relative to H,0) differentiate from CO to 2 sigma error + noise
. v + o *
Previous Encounter 8.8% 9.2% 893% 32.1%
25 km 217% 2.27% 220% 137%
50 km 2.34% 2.45% 238% 135%
75 km 2.52% 2.64% 256% 125%
100 km 2.71% 2.83% 275% 109%

v Maximum observed NH; abundance relative to H,O was 1.4%
Actual observed H, abundance relative to H,O was 4.1%
* Actual observed N, abundance relative to CH, was 136%



Science Summary

* INMS can make significant improvements in determining the
composition of the gas surrounding Enceladus.

* INMS and CDA can separate the plume and global sources of
material at Enceladus and determine the differences in gas

and dust composition.



N, cosmic dust analyser
9
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h Max-Planck-Institut fur Kernphysik

Rev. 61 Enceladus flyby:
CDA preview

S. Kempf, R. Srama, G. Moragas-Klostermeyer,
and the CDA team



cosmic dust analyser

Max-Planck-Institut fur Kernphysik

CDA 1dentified two ring particles composition types

Enceladus surface (7) Enceladus plumes (?)
*H-(H,0)
19 "H-(H)0), "H-(H0)
19 "H-(H0),

37
37

+H-(H20) R
55

Amplitude
Amplitude

Time of Flight Postberg et al., 2008, Icarus

Time of Flight



cosmic dust analyser

Max-Planck-Institut fur Kernphysik

Type I Particles

: Enceladus surface ejecta splashed up by
meteoroid impacts (?)

ejecta particles
should by type I

e Enceladus surface ejecta
only dominate dust flux
very close to the moon’s
surface outside the
plumes




cosmic dust analyser

Max-Planck-Institut fur Kernphysik

Type 1I Particles

: Enceladus dust plume (?)

e Impurities embedded in the
Type II particles are
condensation seeds of these
particles?

of the plume
particles should be of Type II




cosmic dust analyser

Max-Planck-Institut fur Kernphysik

Main Goal of Rev. 61 Flyby:

* Determine composition of Enceladus surface
ejecta (CDA DA detector)

* Determine composition of Enceladus plume
particles (CDA DA detector)

 Measure number density and size distribution

of both, surface ejecta and plume particles
(CDA HRD detector)



cosmic dust analyser

Max-Planck-Institut fur Kernphysik

Predictions for rev. 61 Enceladus flyby
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cosmic dust analyser

Max-Planck-Institut fur Kernphysik

e use special FSW:

— Records only mass

spectra
AR
ncotnieriviode — 6 spectra/second
_i e Surface ejectas dominate
6 E/s rate limited : PlaybaCk
3 times flux for about 100s

FSW 12 Load
Route: SSR
Route: MEM
Route: SSR
DA-Readout

(@)
Y
I
—
(0]
(®)]
2
=
}—

— Spectra recorded during
this phase are stored in
internal memory and
C/A — Epoch timed transmitted to SSR after

(GMB_E061_EnceladusA2008—072T19:06:12) the ﬂyby

+53<S

_ e HRD is operated in 0.2s
BT om ™. 8405 — time bins encounter mode

(14 min
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CAPS Preview of the 61EN (E3)
Enceladus Encounter

Enceladus preview
22 February, 2008



CAPS spectra from 11EN (July 14, 2005)
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Ion flow field from CAPS data

30|

o

Radial, Positive to Saturn (Rg)
S

N
o

-
o

-20+

() Corotational wake

Plasma Flow
Velocity

Corotation (26.4 km/s)

AAAAAAAAA

10 20 30

Azimuthal (Rg)

40

*From Tokar et al., 2006
*No CAPS actuation during
the encounter
*Avoided time aliasing
] component of v
unconstrained
*Fixed n, to constrain fits
n, from RPWS
*Significant perturbations
over 25 Ry from Enceladus

Enceladus preview
22 February, 2008



Plasma source at Enceladus

Vy [km/s]
20

*W™ ring-beam distribution
e observed at 11EN c/a
20 30 *Direct evidence of fresh 1on
o production
i ‘5 *Also implies flow slowed to
‘ ~14 km/s
*No direct evidence 1on N*

* Theoretical model and comparison to CAPS data
— ~100 kg mass loading
* Pontius and Hill, 2006
e Much higher than other estimates

— Model & comparison to MAG data: <3 kg
e Khurana et al., 2007

— Plume model & CE rates: 2-3 kg w/ 10?8 s-! neutral source
* Burger et al., 2007

Enceladus preview
22 February, 2008



Hot H" population near Enceladus

e Seen during 11EN
* Previously masked by

21 Minute Integrations During the Enceladus Encounter

much hlgher water I l[%0|0£'5:1”9'?506':0‘0:2'('):3'7:00]' e
group flux ' ~loNa ot and

reduced (14.5%)

* Energy of 10-30 keV
— Or higher? [

—& H+ Corrected for W+ ghost |

* Peak inside Enceladus’ =~ |
orbit
— May not be associated \ e
W/ Enceladus w10 " oz = e 1 1

Energy (eV/q)

* From Paty et al., 2007
Fall AGU

Enceladus preview
22 February, 2008



Comparison of 11EN and 61 EN

Plume south of —85°
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From Burger et al. 2007
with 61EN added

Enceladus preview
22 February, 2008



61EN (E3) encounter geometry

Altitude 47 km
A Closest approach
¢ Inbound Leg
5 minuta ticks
Sun direction
Soturn direction

2008-072 (March 12) 19:06
Approach from north pole

50 km altitude at c/a
— c/aat —20° lat, 135° Ing.

20

10

Crosses center of plume
— 641 km altitude
— c¢/a+ 58 seconds

16 kbps data £30 minutes

Very fast encounter
— v, = 14.4 km/s = 3.46 Rp/min

~10

2R

2PN e

Pt
Generated on Thu Feb 21 19:00:51 2008

Enceladus preview
22 February, 2008



61EN (E3) Enceladus pointing

CAPS prime pointing for -21 to +5 minutes

— Time on target —10 to +5 min
— In body radii, 34 Rg inbound to 17.5 Ry outbound

Pointing puts neutral ram & corotation in X-Z plane
Encounter 1s too fast for actuation (17.4 s/Rp)
— Full ACT sweep=204 s, minimum (28°) sweep=52 s

Actuator rammed at +90° from —15 to +10 min.
— Jon data will see peak of unperturbed or slowed flow
— Jon data will not see peak of a flow deflected to the sides
— Electron data covers 5° to 90° pitch angle

4s (58 km) resolution 10n data
2s (29 km) resolution for electrons

Enceladus preview
22 February, 2008



61EN (E3) Enceladus pointing plot
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REV 61 Preview: MAG

Krishan Khurana



Previous flybys

E3, E4 and E11 were
all upstream flybys.

E3 flyby was above
Enceladus and MAG
data suggested the

View from North
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909 1957
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331

A\

possibility of a 4 o
dynamic atmosphere. N
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the evidence that the I /o
source of the magnetic 2 1
signature was below N O ‘ ]
Enceladus. o _
4} 11EN’953
-4 2 2 4

View from North

View into corotation flow
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Biot Savart Modeling with a shifted large obstacle below Enceladus
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Rate of Mass loading deduced from interaction current

J,=qnp; =nmv, /B

Y
My
[,=[[J,dXdZ = —= X J
y y Bly S )
where M = [[[im dX dY dZ 2 2
. Bl I X
or M=—22— |
V| The rate of mass-loading can be
related to the current passing
320X10_9X1500X103 XI.OXIOS through the mass-loading region.
261 03 Surprisingly, the total amount of

mass loading implied is quite low.

M =0.6—2.8kg/s
After Chris Goertz



Science objectives for E61 trajectory

* Determine the variability of plasma loading from Enceladus's south pole
plume by modeling the magnetic field signature.

« Determine whether Enceladus generates an induced magnetic field from a
subsurface ocean.

* Determine the composition of plume material from measurement of ion
cyclotron waves in the magnetic field measurements.



Assessment of E61 Trajectory

Finally, a downstream pass! e 47 k-
|deal for characterizing picked-up populations |
and determining the amount of plasma pick-up
occurring locally.

Not ideal for ion cyclotron wave studies
because waves are tightly confined to the
equatorial plane of Saturn where Cassini will
spend very little time.

The close flyby distance is suited for looking for
induction signal from an ocean. The expected
induction amplitude ~ 1-2 nT, which is buried in
the ~ 10 nT perturbation from plasma
interaction.

Ge ited on Thu Feb 21 19:00:51 2008



Rev. 61 Enceladus 3 Preview:
RPWS

W. S. Kurth, for the RPWS Team

22 February 2008



Variation of electron density (f ) is a function of Saturnian latitude; no obvious
strong peak close to Enceladus - no local source of fresh plasma. This
suggests water from the moon is distributed in a torus and is slowly ionized
from the torus as opposed to locally.

Orbit 11 Enceladus-2 Flyby July 14, Day 195, 2005
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Orbit 11 Enceladus-2 Flyby July 14, Day 195, 2005
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Cassini RPWS LP

Printed: 27-Aug-2005 16:03:10
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Dust impacts from E2 are reasonably fit with a Gaussian but with a strong
outlier just before closest approach.

Cassini RPWS Gaussian Fit to Impact Rate  Day 195, 2005
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The size distribution from RPWS observations is similar to the distribution
of E-ring particles.

RPWS Orbit 11 Enceladus Dust Size Distribution
19:42 - 20:08 July 14, Day 195, 2005
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Enceladus Dust Summary

« RPWS is sensitive to ice particles of radius >2.4
microns in the E ring.

* Impact rates during the orbit 11 (E2) flyby are
somewhat larger than other E ring crossings at
Enceladus’ orbit, by a factor of ~2.

« Size distributions in the peak of the E ring average
m-28— the same is found during the E2 flyby,
suggesting the plume particle size distribution is
very similar to the main E ring.



RPWS Science Questions

* |s there evidence for local ionization (other than charge
exchange) in the plumes?

* What is the flux and size distribution of dust from the
geysers?

 How does Enceladus interact with its magnetospheric
environment?



RPWS Measurement Objectives

Measure the thermal plasma environment
— Electron density from the upper hybrid resonance frequency

— Electron density and temperature from Langmuir probe measurements
(along with other diagnostics)

Measure plasma waves associated with the magnetospheric
interaction with Enceladus

Measure the flux of micron-sized particles associated with
Enceladus and its geysers



X(Rg)

Orbit 61 Enceladus 3 Flyby
March 12, Day 072, 2008

Orbit 61 Enceladus 3 Flyby
March 12, Day 072, 2008
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Energy (kev)

Electron Signature, upstream of flux tube, 011EN.
The energy at which the absorption begins is a
measure of the local convection velocity ,balanced
by the electron gradient/curvature drift velocity

Cassini LEMMS

19:50:00 19:52 19:54 19:56 19:58 20:00:00
2005 195 Time (UTC) 2005 195

units are1/ ( cm”2 ster keV sec )

061EN will be on the wake side, downstream - a nice
complement to 011EN, as the signature should be
restricted to low energies. If the convection velocity is

identical, the transition energy should also be identical.
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Previous Enceladus South Polar Observations

7 ~ AN N VRN 1)
PO e TSN

 Rev. 11 Global FP3 map

— Spatial resolution 23 x 32 km
« Similar map on Rev. 32

— Spatial resolution 32 x 35 km

July 2005 November 2006

85

Temperature, Kelvin

« Scattered ridealong FP3 observations
— Spatial resolution = 6km

* No useful FP1 (long wavelength) south
polar observations

70 75 80 85 90 95 100
Best Fit Blackbody T, K 4



Goals for Rev. 61

In rough order of decreasing importance
» Contiguous FP3 (10 - 16 um) maps of tiger stripes at 3x - 5x improved spatial resolution (4 -
10 km)
— Map sources of endogenic heat, pathfind future observations
* 6-minute FP3 integration on a known hot spot (“C”)
— Improved temperature constraints, constrain plume source mechanisms
« FP1 (16 - 500 uym) spectroscopy of south polar region and surroundings in eclipse
— Constrain total heat flow for geophysical models
 FP1 eclipse egress observation
— Thermophysical properties (helps to constrain heat flow)
 FP1 northern hemisphere approach map
— Thermophysical properties (helps to constrain heat flow)
» FP3 search for northern hemisphere hot spots on approach
— Understand global distribution of geological activity



CIRS 061EN FP34MAP0O1

 C/A-02:30 —» C/A-01:53 (16:36 - 17:13)
« Scan northern hemisphere with FP3, FP4 for

— Endogenic hot spots

— Passive thermal
emission

1| Request: CIRS_061EN_FP34MAPDO1_PRIME Target: Encgladus  Ohseryatigh/Footpript Tine:(2008 MAR 12) 2008-072T16:56:32.12




CIRS 061EN FP1INMAPO0O1

. C/A-00:59 — C/A-00:41 (18:07 - 18:25)

« Map northern hemisphere with FP1 for thermophysical properties (bolometric
albedo, thermal inertia)




CIRS 061EN FP3HOTSPTO001, start

Saturn eclipse helps eliminate radiation from passively-heated regions

« 19:11:12, +00:05:00 Begin turn from MAPS C/A attitude

 19:21:37, +00:15:25 Complete turn, with FP3 at 330 W, 70 S

« 19:22:12, +00:16:00 Begin FP3 tiger stripe map (range 13,831 km, FP3 resn. 4.1 km)
 19:43:25, +00:37:13 End FP3 tiger stripe map (range 32,110, FP3 resn. 9.6 km)

rlzsaluton
atdi e)

Hele )
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\




CIRS 061EN FP3HOTSPT001, Contd.

19:44:10, +00:37:58

19:50:26, +00:44:14
19:55:36, +00:49:24
20:02:32, +00:56:20
20:09:08, +01:02:56

Begin FP3 stare at plume source “VI”, hot spot “C” (87 S, 236 W).
(range 32,754 km, FP3 resn. 9.8 km)

Offset FP1, FP3, to sky for calibration

Begin FP1 stare at south pole, for long-wavelength heat flow
Begin FP1 stare at 44 S, 285 W, for passive subtraction

End observation

ESOIILOTT
atiiepole)



CIRS 061EN FPSECLX001

C/A+01:48 — C/A-02:55 (20:54 - 22:01)

FP1 stare at eclipse reappearance (at 21:18) for
thermophysical properties

FP3 scan of the south polar region

1. Request: CIRS_061EN_FP1SECLX001_PRIME™, Target: Enceladus  Observation/Footprint Time:(2008|MAR 12) 2008-072T21:07:44.00

W




SEV 61 ENCELADUS
> OBSERVATIONS
o PaulHe enstein

Cornell University
February 22, 2008



OBSERVATION TYPES

Pre-Flyby North Polar Imaging

ion “whole-disk” imaging for

and polarization mapping

e] mosaic of North Polar region

]u after Closest Approach

| xperimental imaging of tiger stripes during eclipse
0 search for any possible luminescence

outhy Polar

|—11
\vp

ost-Flyby “Voyager-Class™ imaging o;
‘region

Lad
|



ISS Requests

ObsReqID

StartT

Duration

1SS_061EN_ENCELADUS001 VIMS

2008-072T03:31:12

000T08:55:00

fISS_'_061‘EN_PHOTPOLOOl_PRIME |

2008-072T12:26:12

000T02:10:00

1ISS_061EN _FP34MAP001 CIRS

2008-072T16:36:12

000T00:37:00

1ISS_061EN_ENCELADUS002_VIMS

2008-072T17:13:12

000T00:27:00

ISS_061EN_ICYMAP002 UVIS

2008-072T17:40:12

000T00:27:00

/IS5 061EN_REGMAP002 PRIME

|2008-072T18:25:12

000T00:19:30

11SS_061EN_FP3HOTSPT001 CIRS

2008-072T19:11:12

000T00:58:00

ISS_061EN_FP1SECLX001 CIRS

2008-072T20:54:12

000TO01:07:00

| [SS_061EN_ICYLONOO6_UVIS

2008-072T22:01:12

000T02:13:00




1. C-Kernels Reconstruction Target: Enceladus  Ohservation/Footprint Time:(2008 MAR 12) 2005-072T03:51:54.00

Target RA Dec: 270.50 -50.02 Sub SC Lat Lon: 54.505 62406 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 624570 km Sub Solar Lat Lon: -7.683 182.025 Created by ODD (M35 D12.1.1-cl)
Spacecraft Velocity(relative to Target): 17.2025 km/s  Target Phase Angle: 112.76 on: Wed Nov 14 17:07:12 2007




4. C-Kernels Reconstruction Target: Enceladus  Observation/Footprint Time: (2008 MAR 12) 2006-072T12:01:54.00

nceladus

Target RA Dec: 327.93 -68.11 Sub 5C Lat Lon: 66.214 88.754 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 324556 km Sub Solar Lat Lon: -8.254 271.638 Created by ODD (M35 D12.1.1-cl)
Spacecraft Velocity(relative to Target): 12.0111 kmfs  Target Phase Angle: 122.49 oh: Wed Nov 14 17:10:13 2007




3. C-Kernels Reconstruction Target Enceladds  Ohservation/Footprint Time: (2008 MAR 12) 2008-072T12:36:54.00

nceladus

-

Target RA Dec: 332.31 -69.14 Sub SC Lat Lop: 66.772] 90.893 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 301623 km Sub Solar Lat Bon: -8.241 2758.548 Created by ODD (MSS D12.1.1-cl)
Spacecraft Velocity(relative to Target): 11.9725 km/s ~ Target Phase dngle: 12174 on: Tue Oct 23 16:15:28 2007




6. C-Kernels Reconstruction Target: Enceladus  Ohservation/Footprint Time:(2008 MAR 12) 2008-072T17:01:00.00

Target RA Dec: 358.30 -74.50 Sub SC Lat Lon: 63.687 116.663 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 106312 km Sub Solar Lat Lon: -7.838 328.014 Created by ODD (M55 D12.1.1-cl)
Spacecraft Velocity(relative to Target): 13.7091 km/s  Target Phase Angle: 115.45 on: Mon Moy 12 19:04:14 2007




25. C-Kernels Reconstruction Target: Enceladus  Ohservation/Footprint Time:(2008 MAR 12) 2006-072T17:20:12.00

Target RA Dec: 359.27 -74.69 Sub 5C Lat Lon: 69.763 119456 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 90423 km Sub Solar Lat Lon: -7.808 331.402 Created by ODD (MSS5 D12.1.1-cl)
Spacecraft Velocity(relative to Target): 13.8733 km/s  Target Phase Angle: 115.18 on: Wed Nov 14 16:45:32 2007




4. C-Kernels Reconstruction Target: Enceladus  Observation/Footprint Time: (2008 MAR 12) 2006-072T17:47:00.00

Target RA Dec: 0.36 -74.88 Sub 5C Lat Lon: 69.804 123.575 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 67341 km Sub Solar Lat Lon: -7.763 336.031 Created hy ODD (M55 D12.1.1-cl)
Spacecraft Velocity(relative to Targef): 14.0914 km/s  Target Phase Angle: 114.89 on: Wed Nov 14 16:55:12 2007




1. Request: IS5_061EN_REGMAPO0Z_PRIME Target: Enceladus  Observation/Footprint Time:(2008 MAR 12) 2008-072T18:26:28.75

Target RA Dec: 146 -74.93 Sub 5C Lat Lon: 69.650 130.084 Footprint Mode: Body Center (Default)
Spacecraft-Target Distance: 34271 km Sub Solar Lat Lon: -7.722 342.923 Created by ODD (M55 D12.1.1-cl)
Spacecraft Velocity(relative to Target): 14.3226 kmf/s  Target Phase Angle: 114.73 on: Fri Sep 28 23:46:12 2007




18§-072T19:4

Target RA Dec: 180.35 76.52 o —-7 1 | . rootprint Mode: Body Center (Default)
Spacecraft-Target Digtance: 15561 km : at Lon Created by OPD (MSS D12.0-cl)
Spacectaft Velocity(relative to Target): 14.3878 km/s gn: Thu Nov § 13:28:06 2007




4. Request: CIRS_0B1EN_FP15ECLX001_PRIME  Target: Enceladus  Ohservation/Footprint Time:(2008 MAR 12) 2006-072T22:01:12.00

Target RA Dec: 179.50 74.30 Sub 5C Lat Lon: -68.357 343.811 Footprint Mode: Body Center (Defaulf)
Spacecraft-Target Distance: 143532 km Sub Solar Lat Lon: -7.735 19.573 Created by ODD (MSS D12.1.1-cl)
Spacecraft Velocity(relative to Targef): 12.1836 km/s  Target Phase Angle: 64.43 on: Sun Nov 18 16:49:12 2007




4. C-Kernels Reconstruction Target: Enceladus  Observation/Footprint Time:(2008 MAR 12) 2008-072T22:01:54.00

Target RA Dec: 17949 74.29 Sub SC Lat Lon: -65.346 349.938 Footprint Mode: Body Center (Defaulf)
Spacecraft-Target Distance: 144103 km Sub Solar Lat Lon: -7.736 13.694 Created by ODD (M35 D12.1.1-cl)
Spacecraft Velocity(relative to Targef): 12.1653 km/s  Target Phase Angle: 64 .43 on: Wed Nov 7 18:.42:14 2007




Enceladus 61:
Preview of Cassinit RADAR

Observations

Steve Ostro

(for the Cassint RADAR Science and
Instrument Operations Teams)

JPL, Feb. 22,2008



The RADAR Instrument

e Wavelength: 2.2 cm

e Polarization: same linear as transmitted (SL)



Min Min

Lat W.Lon Beam Range Radar
Size (km) Albedo
EN 3 0° 360° 2.1 165480 1.09
EN 4 -13° 70° 1.1 83059 1.41
EN 28 61° 186° 2.1 162678 1.50
EN 32 -29° 243° 1.2 90772 1.59
EN 50 17° 120° 1.5 119321 l1.61
ENC 61 in 69° 108° 1.5 126266 ?
ENC 61 out -70° 331° 0.9 69869 ?



Enceladus Radar Scatterometry Coverage
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Coherent
Backscattering

The anomalously large radar
albedos and polarization
ratios of radar echoes from
certain icy surfaces arise
from phase-coherent,
multiple scattering within a
dielectric medium that is
heterogeneous and
nonabsorbing.




Contamination of water ice with virtually any other candidate substance
decreases its radar transparency and hence the radar brightness of icy surfaces.

L, .= 1/e one-way power absorption length

Material L /A
Water Ice ~10,000
Earth rocks, nonmetallic meteorites ~1 to ~100
Water ice + few % lunar soil ~100
Water Ice + 0.1% ammonia (NH,) ~1 to ~10
Hematite (Fe,0,) <1

Tholin <10




Radar SL Albedos and
Optical Geometric Albedos
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UVIS Observations

« UVIS is prime for two observations

— ICYMAP at -1:20:00, 30 min duration

» Purpose is to map uv albedo at high resolution

— ICYLON at +2:55:00, 2 hour duration

» Purpose is to integrate a long time to detect volatiles



ICYMAP

10. C-Kerr

on: Thu

Start of scan End of scan
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ICYLON

12. C+Kernels Reconstrlction i Obgervation/Footprint Time:( ASRIT2) 2006-072T24:30:00.00

63371 km it L C 5
ge __T'H.s‘ll:lifilfi /s Tdrget Pha ngle: 64.19 ‘ on: Thu Oct 25 16:03:0

2 hur toal integrtion ime



Understanding Enceladus and Its Plumes:
Composition with Cassini VIMS:
Rev 61 Preview

Roger N. Clark
And the VIMS Team

SOST
Enceladus Preview
February 2008

. Cassini
. Denver, Colorado internal only




L
RGB Mineral Map:
Red =CO2 at 4.26 microns

Green = 1-micron albedo
VI M S Blue = 2-micron Ice

Visual and Infrared Mapping Spectrometer

T

*0.35 to 5.2 microns in 352 wavelengths
IFOV: 0.5 x 0.5 mrad (standard)

(0.5 mrad = 1.7 arc-minutes)

‘High resolution IR: 0.5 x 0.25 mrad e

-High resolution VIS: 0.17 x 0.17 mrad .
‘Images up to 64 x 64 pixels square.




Why Study Enceladus?
(A few of many questions)

What drives the plumes?
— Boiling water geysers?
— Outgassing clathrates (Kieffer et al., Science)

What materials (compositions and particle sizes) are
contributing to the E-ring?

What drives/drove the resurfacing?
— Composition of the “magma”?

Are there relic plume sources?

— Search for composition indicators,
« E.g. if organics are associated with vents, search for organics.



ISS Reference

2-micron Ice
Absorption Strength

2.2-micron Reflectance

3-micron Ice
Absorption Strength

Color composite:
Red = 2.2-micron
Reflectance
Green=3-micron Ice
Blue = 2-micron Ice

Cassini
Visual and Infrared
Mapping Spectrometer



ISS Reference

3-micron Ice
Absorption Strength

2.2-micron Reflectance

3.44-micron Organic
Absorption Strength

Color composite:
Red = 3.44-micron
Organics
Green= 2.2-micron
Reflectance
Blue = Ice Strength
at 3-microns

Cassini
Visual and Infrared
Mapping Spectrometer



Enceladus
VIMS enc 0Ollhires mosaic

Bright area 4530px L278S56
Between "Tiger Stripes, 4lpx
"Tiger Stripes” 42px 3.44um band™
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Enceladus
VIMS enc 0Ollhires mosaic

Bright area 4530px L278S56
Between "Tiger Stripes, 4lpx
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SCALED REFLECTANCE
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The lapetus
rev 49 fly-by '

was the only

the Cassini o o

mission to
resolve, in
detail, surface
features that
may shed
light on the
origin of the
dark material,
and Fh.e data VIMS 1.75-micron Reflectance
are living up
to
expectations.

lapetus
Cassini Rev 49 fly-by

Ice, dark
material and
CO, in the dark
material
dominate this

spectral map. - VIMS Composition Map

Small dark Red = CO, Strength

particles in the ~ . Green = H50 Ice strength

ice create ~—— Blue = Rayleigh scattering strength
Rayleigh , (indicates sub-half-micron particles
scattering. e —— dispersed in the surface)



lapetus
Cassini Rev 49 fly-by

VIMS Composition Map

1.95, 2.05, 2.15-micron triplet
(Dark region material)

. 1.95, 2.05, 2.15-micron triplet
+ Ice (Dark region material)
. Water Ice (asymmetric 2-micron

absorption)

Water Ice, slight 2-micron
asymmetric absorption

Water Ice, medium grained,
2-micron symmetric absorption

OH or NH?
K lapetus
dark material spectra
Rayleigh
Scattering Cassini VIMS
Peak §33, Rev 49

A) Avg 37 pixels
spv0009 r1131

o
Y
o

C) Avg 2240 pixels
spv0009 r1119
spv0009 r1127

REFLECTANCE

o
o
a

WAVELENGTH (um)




ISS Reference

2-micron Ice
Absorption Strength

2.2-micron Reflectance

3-micron Ice
Absorption Strength

Color composite:
Red = 2.2-micron
Reflectance
Green=3-micron Ice
Blue = 2-micron Ice

Cassini
Visual and Infrared
Mapping Spectrometer



? H,O Ice band depths
% (Clark and Lucey,
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Conclusions

« Bright areas: 20 to 65 micron ice grains.

« Tiger Stripes: 60 to 300 microns.
« Some fine (~30 micron) grains in all areas.

Derived Grain Sizes (microns)

1.04- 1.25- 1.5- 2.0- 3.0-

micron | micron micron micron | micron

band band band band band
Bright areas 65 20 35 ~30

“Tiger Stripes” 280 320 100 60 ~30




New insights into Plume dynamics and hazards from VIMS
EPWG 1-28-08

Eq. Width (km)
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From Matt Hedman
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Relative I/F

Plume
particle
size
modeling

Equivalent Width (km)

wavelength (microns)

Points=Data

Curve=Log normal Distribution, a=.8 micr%ms, b=2.0

Iwavelength (microns)

From Matt Hedman
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Enceadus
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Cassini VIMS
Thermal response

in reflectance-
calibrated data
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Rev 61 Observations

Rev 61: VIMS has only
2 prime Enceladus
observations, all at a
great distance.

Point and stares.

VIMS rides on other
observations.



1. Request: VIMS_061EN_ENCELADUS001_PRIME Target: Enceladus  Observation/Foojprint Time:(2008 MAR 12) 2008-072T03:59:439.00

é;celadu

Target R& Dec: 271.31 -p0.31 Sub 5C Lat Lon: 54.723 62.921 Footprint Mode: Body Center (Default)
Spacecraft-Target Distange: 613641 km Sub Solar Lat Lon: -7.684 183.370 Created by ODD (M55 D11.0-d)
spacecraft Velocity(relative to Target): 17.1092 km/s  Target Phase Angle: 113.22 on: Thu Oct 18 15:50:28 2007




|1. C-Kernelg Reconstruct\on T ncdladus  Ohservation/Foolprint Time:(2D08 MAR 12){ 2008-072T17:26:54.00

s |

Enceladus
Target R& Dec: 359(57 -74.75 5 =3 i Footprint Mode: Body |Center (Default)
Spacecrpft-Target Distance: 34540 km Sub Solapta § Created by ODD (MSE D11.0-d)
Spacecraft Velocityirelative to Target): 13.9355 km/s | Target PHase & i on: Thu Ogt 18 16:01723 2007



Conclusions

* VIMS Compositional and
thermal mapping is critical
to understanding the origins
of Enceladus and its plumes.

. VIMS will map:
— Water ice grain size and ice crystal structure.
— CO,
— CH (organics).
— Ammonia (NH,).
— Clathrates.

— Search for other compounds.

— Rayleigh scattering is caused by tiny particles causing
a blue reflectance peak.



Enceladus Volatiles
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