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Abstract.

We present Cassini Ultraviolet Imaging Spectrograph (UVIS) observations of
Mimas at far-ultraviolet wavelengths (170-190 nm) which show an interesting
albedo variation centered on the anti-Saturnian hemisphere. We discuss the
photometric behavior of Mimas in the far-UV and review the important exogenic
processes and their expected effects, relevant over a wide range of wavelengths. We
suggest that the UVIS images display the brightening effects of E-ring grain accretion
on Mimas’ trailing hemisphere; we also show VIMS results that are consistent with
E-ring grain accretion on the trailing hemisphere. The UVIS results also suggest the

production of hydrogen peroxide by photolysis in the southern hemisphere.

Keywords: satellites, composition; ices, UV spectroscopy; Saturn, satellites;

ultraviolet observations; Satellites, surfaces



1.0 Introduction.

Mimas is the innermost of Saturn’s classical medium-sized moons. It is 397 km in
diameter and orbits at 3.08 Saturn radii (Rs). Voyager images of Mimas revealed an
old, heavily cratered surface, dominated by the large Herschel crater near the
leading hemisphere equator (Smith et al. 1981). Its surface composition, based on
visible-near-infrared (VNIR) data, is dominated by H20 ice (Cruikshank et al. 1998;
Cruikshank et al. 2005). It has a high visible albedo (p~1.0, Verbiscer et al. 2007)
and a flat spectrum in the visible (Buratti 1984) consistent with H:O0 ice.

Using Voyager data, Buratti et al. (1990) found that Mimas may be somewhat
brighter and redder (based on the red/violet ratio) on the trailing hemisphere than
on the leading hemisphere; this was attributed to E-ring particle accretion.
Enceladus and its south polar plume are the source of the broad E-ring (Porco et al.
2006), within which Mimas orbits. Dynamical modeling of the E-ring grains
(Hamilton and Burns, 1994) showed that, due to the orbital eccentricities of the
grains, those at the orbit of Mimas (inside the 3.95 Rs orbit of Enceladus) overtake
Mimas in its orbit and are expected to bombard or coat the trailing hemisphere,
while at Tethys and the other satellites exterior to Enceladus, the E-ring grains
impact primarily the satellite leading hemispheres.

Using Cassini Imaging Subsystem (ISS) images, Schenk et al. (2011) found in a
similar ratio (IR/UV) that the leading hemisphere is dominated by a lens-shaped
feature that is blue-ish (i.e., relatively bright at 340 nm). The leading hemisphere
lens appears to correlate with a region of anomalously high thermal inertia (Howett

et al. 2011) measured by Cassini Composite Infrared Spectrometer (CIRS) and may



be related to energy deposited into the ice by high-energy electrons that move in a
retrograde motion with respect to Mimas (Schenk et al. 2011; Paranicas et al. 2011).

Prior to Cassini, Mimas had not been studied deep in the UV. (The Voyager UV
filter was centered on 350 nm.) The ultraviolet is an important wavelength regime
for studying the effects of space weathering processes, because primarily the
uppermost layers of the regolith and grains are sensed. Here we present far-
ultraviolet (FUV) results from observations of Mimas by the Cassini Ultraviolet
Imaging Spectrograph (UVIS). The results are compared with visible wavelength

images from Cassini ISS and thermal data from Cassini CIRS.

2.0 Data Sets and Analysis.

The Cassini UVIS (Esposito et al. 2004) uses two-dimensional CODACON
detectors to provide simultaneous spectral and one-dimensional spatial images; the
second spatial dimension is acquired by slewing the UVIS slit across the target body.
The far-UV channel of UVIS covers the 111.5-191.2 nm range. The detector format is
1024 spectral pixels by 64 spatial pixels. Each spectral pixel is 0.25 mrad and each
spatial pixel is 1 mrad projected on the sky; the low-resolution slit used for the
observations discussed here has a spectral resolution of 0.48 nm and spatial IFOV of
1.5 mrad in the spectral dimension. Here we discuss four observations, which took
place during two Cassini orbits, described in Table I. Three of the observations were
mosaics, where the UVIS slit was placed at distinct locations on the surface. The
fourth observation (126MI_ICYLONOO3) consisted of three swaths across the body

to make an image. Each of these swaths lasted approximately 26 min and the entire



observation was 80 min; the integration time was 120 sec. The observational
geometry is shown in Fig. 1. In this analysis, we focus on 126MI_ICYLONO0O3, as it
provides the most complete coverage, and compare with the other three
observations, which are used primarily for photometric analysis. We average the
three swaths of 126 MI_ICYLONO0O3, and also examine the first swath only, when the

spatial resolution was highest.

(Table I goes here)

(Figure 1 goes here)

We analyze the data in terms of the reflectance, which is given as r=I/F; I is the
measured signal from Mimas and nF is the incident solar flux. The measured signal
is dependent not only on the albedo of Mimas but also on the photometric
properties of the surface, as discussed further in the next Section. We used solar
data measured by SOLSTICE on the SORCE spacecraft (McClintock et al., 2000),
scaled to Mimas’ heliocentric distance on the days of the observations, with the
proper time difference to get the correct solar longitude.

The FUV spectra of the icy Saturnian moons all show the strong signature of
water ice, an absorption edge near 165 nm (e.g., Hendrix and Hansen 2008; Hendrix
et al. 2010). As a result, the spectra of Mimas and the other moons are generally
bright longward of 165 nm and dark shortward of 165 nm; in this analysis we focus

on the longer-wavelength end of the H20 absorption. In Fig. 2 we show the I/F



measured during the three swaths at wavelengths 170-190 nm. The data have been
calibrated and RTG background subtracted. In these images, the data are
“smoothed” in that the image accounts for smear within each pixel due to motion of
the body during the observation. Figure 2 also shows a representation of Mimas at
the mid-time of each observation, to display the viewing and lighting geometry. We
note that, in the FUV data, there is no indication of Herschel crater, consistent with
the idea that UVIS senses the uppermost layers of the surface. Since Herschel is a

relatively old feature, this emphasizes that the effects discussed below are young.

(Figure 2 goes here)

3.0 Photometric correction.

We wish to remove the variations in signal that derive from photometry, in
order to determine the normal albedo of Mimas’ surface. To estimate the UV
photometric characteristics of Mimas, we follow the methods of Buratti et al. (e.g.,
Buratti and Veverka, 1983; Buratti 1984; Buratti 1985; Buratti et al., 1990). A
simple form of a photometric function that has been used with many solar system

surfaces is

[/F=Af(o)uo/ (u+tro) + (1-A)uo (1)

where A represents the fraction of light that is singly scattered (dependent on the

albedo) and f(a) represents the combined effects of mutual scattering among the



particles, macroscopic roughness and the single-particle phase function; a is the
phase angle. The terms w and uo are the cosines of the emission and incidence
angles, respectively. For A=1, all light is singly-scattered. The first term of Eq. 1
represents “lunar-like” scattering, where limb-darkening is not significant and
single scattering dominates. The second term in Eq. 1 represents Lambert

scattering.

(Figure 3 goes here.)

In Figure 3, we display data from scans along the photometric equator (o) (after
e.g. Buratti, 1984) for each of the four Mimas observations. The photometric equator
is defined as the line intersecting the sub-solar and sub-observer points on the
surface. For each of these scans, we have solved for the best-fit values of f(a) and A
in the photometric model of Eq. 1. We find good fits to the scans for
126MI_ICYLONOO1 and 126MI_ICYLONOO2 using this model, demonstrating that the
surface can be represented using a constant A value and thus relatively little albedo
variation at this resolution. However, the same model applied to 126 MI_ICYON0O3
does not provide a very close fit, and this is interpreted as being due to FUV albedo
variations across the surface observed in this observation. Toward the anti-
Saturnian hemisphere (positive sin(w) values in Fig. 3c for this observational
geometry), the surface is brighter (higher albedo) than predicted, and toward the
leading hemisphere (negative sin(w) values in Fig. 3c), the surface is darker (lower

albedo) than predicted. Similarly, the model fits the ICYLONOO8 scan adequately



toward the trailing hemisphere (positive sin(w) values in Fig. 3d for this
observational geometry) but the surface is brighter than predicted toward the anti-
Saturnian hemisphere (negative sin(w) values in Fig. 3d). We use the best-fit
photometric model for ICYLONOO3 to correct the observation for the photometric

behavior of the surface and study the resultant normal albedo.

4.0 Results.

The far-UV normal albedo pattern of Mimas is shown in Fig. 4 for the ICYLONO0O3
observation; the normal albedo was derived by dividing the measured data by the
photometric correction as described in Section 3.0. An albedo variation across the
surface is evident. A bright region, which appears to be centered near the apex of the
anti-Saturnian hemisphere (~180°W), extends from ~20°S to the north pole, and
wraps over the north pole on to the high latitudes of the leading hemisphere; the
bright region is ~3 times brighter than the darker region. The bright region in the
north is not mirrored in the southern hemisphere, on the observed anti-Saturnian
region, resulting in a latitudinal asymmetry in albedo. To study this a bit further, we
show (Fig. 5) scans within two latitude bands plotted against geographic longitude.
Both scans show a dramatic (non-photometric) dropoff in brightness toward the
leading hemisphere. The southern hemisphere scan is lower in brightness overall
than the northern hemisphere scan. This is not expected to be due to photometric
characteristics of the regolith, as both the sub-solar point and the sub-spacecraft
point are near the equator. Thus, the overall FUV albedo pattern differs from that

measured at visible wavelengths (Schenk et al. 2011) or thermal wavelengths



(Howett et al. 2011), and it does not follow the “lens” shape of the longer
wavelengths; this is discussed further in the Section. 6.0

The reflectance spectra of the FUV-bright region and the FUV-dark region are
shown in Fig. 6. Both spectra show the water ice absorption edge near 165 nm (e.g.
Hendrix et al. 2010); because water ice is so bright longward of 165 nm, the
difference between the spectra suggests that the UV-bright region is richer in water

ice than the UV-dark region.

(Figure 4 goes here.)

(Figure 5 goes here.)

(Figure 6 goes here.)

5.0 Exogenic Processes at Mimas.

There are many weathering processes that act on the satellite surfaces in the

Saturnian system, including bombardment by photons, charged and neutral

particles, and ice grains as shown in the diagram of Fig. 7. To aid in the

interpretation of the UVIS results, we discuss each of these processes and their

expected results.

(Figure 7 goes here.)



5.1 E-ring grains

As mentioned previously, E-ring grains preferentially impact the trailing
hemisphere of Mimas (Hamilton and Burns, 1994). The exact accretion pattern of
these grains is not completely known, but their speeds are different enough that we
expect a broad bombardment distribution onto the surface of Mimas. The solution
for their orbits depends on factors such as their initial rate of speed, charging
history, etc. Since simulations of E-ring grain orbital inclinations (Horanyi et al.
2008) show that they can grow quite large (e.g., 15°), the latitudinal extent (vertical
profile) of the E ring is much greater than Mimas’ radius. Therefore, we expect that
there are grain trajectories that at least reach the polar regions of Mimas. A
schematic diagram of the estimated pattern of E-ring grain accretion on Mimas is

shown in Fig. 8a.

(Figure 8 goes here.)

5.2 Cold plasma

An additional exogenic process on the trailing hemisphere is bombardment by
the corotating cold plasma. The expected bombardment pattern is a “bulls-eye”
shape on the trailing hemisphere but we cannot comment extensively on any
potential UV effects based on the lack of trailing hemisphere coverage in the UVIS
dataset to date. However, the central part of the trailing hemisphere could be
slightly darker than the high latitudes and anti-Saturnian region (Fig. 4e), possibly

an effect of plasma darkening of that region. Schenk et al. (2011) note a weak



IR/NUV bright region in Cassini images of the Mimas trailing hemisphere, which
was suggested could be due to cold plasma bombardment. The expected pattern of
bombardment of cold plasma is shown in Fig. 8b. We also expect any nanograins to

bombard the trailing hemisphere in a similar manner.

5.3 High-energy electrons

In contrast to the plasma and low-energy (below ~1 MeV) electrons discussed
above, electrons with energies above ~1 MeV, because of their retrograde drifts in
the dipole field of Saturn, preferentially bombard the leading hemisphere of Mimas
(Schenk et al. 2011; Paranicas et al. 2011). This interaction results in the “lens”
feature seen in ISS data (Schenk et al. 2011) as well as the thermal anomaly seen in
CIRS data (Howett et al. 2011). The electron intensity strongly depends on energy.
Going from 1 to 10 MeV, the intensity drops by approximately four orders of
magnitude (Fig. 9; Kollman et al. 2011). Most of the energy is therefore deposited by

~1 MeV electrons in Mimas’ surface.

(Figure 9 goes here.)

We also note that there is enhanced darkening in the Saturnward and anti-
Saturnward portions of Mimas’ leading hemisphere lens (Schenk et al. 2011). A
direct comparison between the ISS ratio image and a UVIS image is shown in Fig. 10,
where the ISS ratio image (Fig. 10a) is projected at same perspective and resolution

as the UVIS image of Fig. 4a. The dark “ansa” of the lens is obvious in the ISS data at



this resolution (though the albedo contrast is quite low compared to the UVIS
image); the surface here is relatively bright at 340 nm. Thus, the ISS ratio image
displays a distinct variation in IR/UV3 brightness across the lens (at the level of
~10%), with the ansae being brightest. The UVIS image (Fig. 10b) hints at an “ansa”
in the bright region near 150°W (this only appears in the ICYLONOO3 swath 1 image
of Fig. 4a and Fig. 10b; it is not so apparent in the ICYLONOO3 averaged image, Fig.
4b); however, whereas the ISS ratio, hence the NUV albedo stays relatively constant
in value between ~90-140°W, the UVIS albedo grows darker with decreasing

longitude in this region.

(Figure 10 goes here.)

This enhanced darkening in the ISS IR/UV ratio at the ansae of the lens may be
explained if we take into consideration additional components of energetic electron
drifts near the moon. These components occur due to the electromagnetic field
perturbations that should exist downstream of Mimas.

The main interaction mode in Mimas’s interaction with the magnetosphere is
thought to be plasma absorption, as earlier studies indicate that Mimas cannot
sustain a substantial sputter-produced atmosphere that may lead to a Europa or lo-
type of magnetospheric interaction (Saur and Strobel, 2005). Plasma absorbing
moons have their interaction region downstream with respect to the cold plasma
corotation flow. The main feature of this interaction region is a plasma cavity (or

wake) that forms due to absorption at the moon’s trailing hemisphere. Plasma is

10



almost absent in the deep wake and refills within few moon radii downstream
(Roussos et al., 2008).

The presence of this cold plasma wake gives rise to a series of disturbances in
the electric and magnetic fields. For instance, the requirement for the total pressure
to remain approximately constant (magnetic plus plasma pressure), leads to an
increase of the magnetic field intensity in the wake center, since plasma pressure
has been lost there (diamagnetic effect). In addition, on the two sides of the central
wake, the magnetic field decreases, so that VB=0 is satisfied in the system (Khurana
et al. 2008).

These deviations from the undisturbed magnetic field increase toward the moon
and result in magnetic field gradients in the nominal corotation direction. These
field gradients lead to radially inward or outward drifts, as shown in Figure 11.
Importantly the center of the wake loses electrons to the gradient drift, and
positions such as the leading hemisphere apex do not receive the full flux of the
retrograde drifting electrons. These electrons will tend to follow contours of delta B
~0 that are at the edges of the plasma wake, as shown, so that there is preferential
bombardment of the sub- and anti-Saturnian portions of the leading hemisphere.
These locations are situated where the Mimas lens feature is darker in the ISS ratio
image (Schenk et al. 2011 and Fig. 10a). The expected pattern of bombardment by
high-energy electrons, including the enhanced bombardment at the lens ansae, is

shown in Fig. 8c.

(Figure 11 goes here.)
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A simple pressure balance calculation, using for instance parameters from Saur
and Strobel (2005), indicates a field enhancement in the wake between 0.3 and 0.5
nT, in a background field of about 740 nT. While such an increase is small (and so
are the associated field gradients), radial gradient drifts will be enforced due to the
energy of the electrons involved. MeV electrons are strongly magnetized, meaning
that their drift will be dominated by magnetic field gradients, not electric fields (e.g.
the corotation or other wake-associated electric fields) (Paranicas et al., 2009).

The electrons impacting Mimas are removed from the magnetosphere. This
causes a corridor of small electron intensities around Mimas (and the other icy
moons). The corridor is continuously refilled so that a steady state forms. Mimas is
exposed to the electrons within the corridor (no matter where they came from) and

is not exposed to the electrons outside the corridor.

6.0 Interpretation of UVIS results considering the exogenic processes &

effects.

6.1 Spectral effects of E-ring grain accretion

The FUV spectral variation between the UV-dark region of the central leading
hemisphere and the UV-bright region of the anti-Saturnian hemisphere (Figs. 4 and
6) suggests more water ice in the UV-bright region. This is consistent with the idea
of E-ring grains accreting on the surface in the bright region, which would be

expected to deliver relatively pure water ice to the surface. The albedo variation
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suggests that E-ring grains reach high latitudes (at least in the north - the latitudinal
asymmetry is discussed below). The interaction between the fine E-ring grains and
the surface is expected to be dominant on the trailing hemisphere (Hamilton and
Burns, 1994; Buratti et al. 1998), consistent with the westward brightening in
ICYLONOO3 and the brighter trailing hemisphere in ICYLONOO8 (Fig. 4).

One additional method of understanding the accretion of Saturn’s E-ring grains
onto Mimas is to look for changes in particle sizes on its surface as measured by the
Cassini Visual Infrared Mapping Spectrometer (VIMS). VIMS is an imaging
spectrometer with 352 spectral channels between the wavelengths of 0.30 to 5.1 um
(Brown et al.,, 2004). The spectral region between 1 and 2.5 um is particularly rich in
the characteristic absorption bands of volatiles and minerals and is thus well-suited
to identifying and mapping the composition of surfaces. In addition, the positions of
the spectral bands of water ice near 1.05, 1.3, 1.52 and 2.0 um are known to change
as the particle size changes (Clark and Lucey, 1984). Because the E-ring is
dominated by particles in the 0.1-1.0 pm size range (Kempf et al, 2008), an
abundance of small particles would be consistent with an enhanced flux from the E-

ring as discussed below.

(Figure 12 goes here.)

The left side of Fig. 12 shows VIMS spectra extracted from three regions on
Mimas: the northern rim of the large crater Herschel; the center of the leading side,

and the center of the trailing side (each spectrum is averaged from 20 pixels). A
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band depth was calculated for the two deepest spectral lines, at 1.52 pm and 2.0 pm,

by the following formula

(Rc-Rs)/ R

where Rc is the relative reflectance of the continuum and Rp is the relative
reflectance at the center of the band position. The continuum was computed by
fitting a straight line to it and computing the value of that line at the center of the
band position. The right side of Fig. 12 shows these results for both bands plotted
with the predictions of Clark and Lucey (1984). The band depths on the trailing side
(10-50 pm) are substantially less than those on the leading side (20-80 um) and
imply smaller particles on average. Hershel has the largest grain sizes of any region
of Mimas (50-100 pm). These results are consistent with a flux of smaller particles
from the E-ring impacting the trailing hemisphere of Mimas.

The derived grain sizes of the surface of Mimas are substantially greater than the
sizes of particles in the E-ring. Thus, there must be a process (perhaps annealing)
that acts subsequently to the accretion of the particles, causing regolith grain

growth.

6.2 Chemical effects: H20; production
We suggest that the UVIS images are also showing compositional variations
across the surface that are due to radiation- and photolysis-induced chemistry. In

particular, hydrogen peroxide (H:02) is readily produced both by radiolysis and
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photolysis of ice (e.g., Johnson and Quickenden 1997; Cooper et al. 2003). Peroxide
is known to absorb efficiently in the UV, even in small amounts (e.g., Carlson et al.
1999) and is though to cause reddening in the UV on other icy satellites (e.g.,
Hendrix et al. 1999: Hendrix and Johnson 2008). Using the high-energy electron
distribution at Mimas (Paranicas et al. 2011) with a lower bound of 1 MeV together
with laboratory measurements (e.g. Gerakines et al. 1996, Hand and Carlson 2011,
Teolis et al. 2009 and references therein), we find that the concentration of H202 in
ice from radiolysis only is 1.1e-3%; for UV photons only, the concentration is 1.9%.
Considering that electrons also contribute to the destruction of H20;, we estimate
that the concentration of H202 in ice from radiolysis and photolysis is 0.64e-2%.
Considering that Carlson et al. (1999) show a strong absorption (a factor of >4
decrease in reflectance between 330 nm and 210 nm) with just 0.13% Hz0: in ice, it
is plausible that hydrogen peroxide is causing the FUV-darkness on the leading-
southern region of Mimas. The measurement was made ~6 months after equinox;
we anticipate that UVIS is sensing peroxide created in the surface ice of Mimas by
the combination of photons and electrons throughout the ~7 year southern summer
timeframe. Figure 8d shows a representation of the estimated distribution of
photolytically-produced peroxide for the observation timeframe.

Figures 8e and 8f show a model of the combined estimated effects of the
exogenic processes discussed here. The model reproduces the large-scale FUV
albedo variations seen on Mimas. The model was produced by layering the
component models in Figs. 8a-8d and assuming that E-ring grain accretion

(brightening) dominates on the trailing hemisphere and wraps around onto the
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leading hemisphere; but on the southern portion of both the leading and trailing
hemispheres the photolytic production of H202 (darkening) dominates. We estimate
that photolysis produces H202 globally, but that this is particularly pronounced in
the southern regions for this timeframe. On the trailing hemisphere, the darkening
of H20; is offset by the brightening effect of E-ring accretion; on the trailing
hemisphere it is expected that cold plasma contributes to radiation darkening of the
surface but we do not include this component in our combination model because
that effect is not seen from the perspective of the UVIS observation considered here.
We also do not include the possible effects of high-energy electrons as we expect
that these particles (mostly) penetrate too deeply to be sensed by UVIS. Rates of
H202 production compared with E-ring grain accretion need to be studied further,
along with rate of annealing which likely contributes to the destruction of the fine E-
ring grains (i.e., grain growth). We note that, even in the “bright” regions on Mimas,
the albedo is lower than the expected albedo of pure water ice (Hendrix et al. 2010),
indicating that there is photolytic production of H202 (and/or darkening by cold
plasma bombardment) in this region at Mimas subsequent to the accretion of the E-
ring grains, and/or the E-ring grains are not pure H;0 ice (perhaps some processing

has occurred en route to Mimas).

6.3 Sampling and penetration depths

The fact that UVIS measures the leading hemisphere low latitudes of Mimas to be
relatively dark is interesting, because this is also the area where ISS measurements
show the surface to be relatively bright in the near-UV (340 nm) - the blue “lens”

(Schenk et al. 2011) previously mentioned. This lens is relatively bright in the NUV
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(340 nm); the UVIS results, in the far-UV, suggest that the low latitudes of the
leading hemisphere are relatively dark (along with the southern latitudes). We
consider the idea that the UVIS, ISS and CIRS measurements are sensing different
depths in the surface layer. Mimas and the other icy Saturnian satellites exhibit a
dramatic absorption at near-UV wavelengths (~200-350 nm); they are very dark at
FUV wavelengths (Hendrix et al., 2010) while being bright in visible. There is thus a
significant albedo change between the ISS UV filters and the UVIS data sets. This
absorption is important in understanding the difference in albedo patterns.
Estimating the wavelength-dependent optical constants for Mimas’ surface, the
absorption path length near 180 nm is on the order of a few microns, while it is on
the order of centimeters at 340 nm. Paranicas et al. (2009) demonstrate that high-
energy electrons or the secondary photons emitted as they slow down can deposit
energy to a depth of about 1 m (1 MeV electrons have a penetration depth of 0.4
cm); thus the electrons produce damage and effects at deeper levels in the regolith
than are sensed by UVIS. The uppermost layers of the regolith are dosed on both
hemispheres, but the leading hemisphere will also have the deeper penetration.
Therefore, the CIRS-measured thermal anomaly exhibits a spatial morphology
different from the UVIS-measured albedo. That is, CIRS is sensing the effect of the
deeply-penetrating high-energy electrons while UVIS senses primarily the effects in
the very top-most layers modified by the ~1-um E-ring grains and H20> production.
The ISS images display effects at intermediate depths. Thus the model of Fig. 8e

applies to the shallow sensing depths of FUV wavelengths only. At these FUV
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wavelengths, the high-energy electrons are not as important as E-ring grains and

photolysis, the effects of which will overlay the mostly deeper electron effects.

7.0 Conclusions.

Mimas has a surprisingly interesting far-UV (170-190 nm) albedo pattern, as
measured by Cassini UVIS, and appears to be the result of a combination of
processes. The anti-Saturnian hemisphere and north polar region are brighter than
the leading hemisphere; this extends somewhat onto the trailing hemisphere though
observations there are of lower resolution. This brightening is consistent with E-
ring grain accretion which is also demonstrated in the VIMS dataset. On the trailing
hemisphere a competing process is plasma bombardment which tends to darken the
surface by enhancing absorption at these wavelengths; this competition may explain
why the trailing hemisphere is not overwhelmingly brighter than the leading
hemisphere; in fact the primary FUV bright region may actually be the anti-
Saturnian region discussed here and also likely on the not-observed sub-Saturnian
region - regions where the E-ring grain accretion occurs and the plasma
bombardment is minimal (confined to a bulls-eye pattern on the trailing
hemisphere).

We anticipate that photolysis produces H202 globally, but that this is particularly
pronounced in the southern regions for this timeframe. We note that, even in the
“bright” regions on Mimas, the albedo is lower than the expected albedo of pure
water ice (Hendrix et al. 2010), indicating that there is photolytic production of H20>
(and/or darkening by cold plasma bombardment) in this region at Mimas

subsequent to the accretion of the E-ring grains, and/or the E-ring grains are not
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pure H20 ice (perhaps some processing has occurred en route to Mimas). Rates of
H202 production compared with E-ring grain accretion need to be studied further,
along with rate of annealing.

The latitudinal asymmetry in the UV albedo is proposed to be the result of
accumulated H;0; in the surface ice over the southern summer. We expect that
Mimas observations later in the Cassini mission could reveal a darkening of the
northern leading hemisphere as summer approaches that region and photolysis acts
to produce H20; there, while the southern hemisphere darkening is gradually
erased by plating out of fresh E-ring grains.

The lens-shaped feature that appears in the ISS ratio image (Schenk et al. 2011)
and the CIRS image (Howett et al. 2011) is not obvious in the UVIS images; this is
attributed to the different sampling depths in the instruments and the penetration
depths by the different processes. The Mimas lens does not have a uniform
ratio/color value across it: the ansae are distinctly darker (i.e., brighter at 340 nm),
attributed to preferential bombardment of the sub- and anti-Saturnian portions of
the leading hemisphere by energetic electrons. A hint of the dark ansa on the anti-
Saturnian side is seen in the UVIS data - the region is relatively dark at 170-190 nm.

The combined FUV effects detected on Mimas are probes of radiolytic and
photolytic weathering processes in the Saturn system and are expected to be
present to varying degrees on the other icy Saturnian moons; they will be

investigated further in future studies.
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Figure Captions.
Figure 1. Observational geometry for 126 MI_ICYLONOO3. In this observation, the
UVIS slit was oriented as shown; the slit was scanned three times across the body.
The UVIS spatial pixels are indicated by the small white boxes; the green lines

designate right ascension and declination.

Figure 2. Left panels: UVIS [/F images of Mimas at 170-190 nm. Right panels: Mimas
representations at visible wavelengths at time of UVIS images. The leading
hemisphere is centered on 90°W; the trailing hemisphere is centered on 270°W.

Longitude lines are shown in 30° increments.

Figure 3. Scans along the photometric equator. The photometric equator is the line
defined by the sub-solar and the sub-spacecraft points. Negative values are toward
the terminator, positive values are toward the sunlit limb. Data are fit with the
model of Eq. 1 (red line). Good fits are obtained especially for ICYLONOO1 and
ICYLONOOZ; the fit is not so good for ICYLONOO3 and this is interpreted as due to
albedo variations across the surface. The same albedo variation may contribute to

the data-model mismatch toward the terminator in ICYLONO0OS.

Figure 4. Mimas UV (170-190 nm) normal albedo images. There is more than a

factor of 3 variation in albedo across the anti-Saturnian hemisphere. The high

albedo may not persist across the entire trailing hemisphere, but does not seem to
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get as low as on the leading hemisphere. Longitude lines are shown in 30°

increments.

Figure 5. Brightness vs. longitude in two latitude bins across Mimas
(126MI_ICYLONOO3). The sub-solar point moved from 1.6°N, 150°W to 1.6°N,
170*W and the sub-spacecraft point moved from 7.6°S, 131°W to 3.9°S, 162°W. The
sharp dropoff in brightness is not characteristic as being due to photometric

properties, nor is the overall relative brightness between north and south.

Figure 6. Reflectance spectra for the UV bright and dark regions on Mimas. UVIS
pixels from the indicated regions were averaged to obtain these spectra. Both
regions display the water ice absorption edge near 165 nm. The “bright” region is
brighter at wavelengths longer than ~165 nm, likely because of a greater abundance
of fresh water ice in the uppermost layers of the surface in that region; this region is
also very dark at wavelengths shorter than 165 nm and in fact the signal there is not

greater than the background.

Figure 7. Diagram of exogenic processes considered to be important at Mimas.

View is from above Mimas’ north pole.

Figure 8. Simplified representations to demonstrate the relative importance and
contributed effects to the UV albedo from different processes. (a) Assumed E-ring

grain accretion pattern. We expect that E-ring grains impact Mimas globally but that
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there is a region on the leading hemisphere where lower overall abundances
accumulate. Here we assume a uniform accretion by E-ring grains; we do not include
any possible decrease in E-ring grain accretion away from the trailing hemisphere
apex. (b) Cold plasma bombardment pattern. The plasma is expected to darken the
surface but this darkening will compete with brightening by E-ring grain accretion.
(c) High-energy electron bombardment pattern (after Paranicas et al. 2011), also
showing the enhanced bombardment regions of the lens ansae discussed in Sec. 5.3.
(d) Assumed photolysis pattern for the southern summer - equinox timeframe. (e)
Model combining the different processes and assuming that the photolysis
component dominates for latitudes southward of 30°S. We also do not include the
high-energy electrons shown in (c) because we assume that those penetration
depths are largely not seen by UVIS. The cold plasma is not included as its effects are
not seen in the view as seen by UVIS. (f) Combination model shown at the same

projection as the Mimas UVIS image of Fig. 4c, also shown here (g).

Figure 9. Intensity of equatorially mirroring high-energy electrons measured by
MIMI/LEMMS. The error bars are 1-sigma standard deviations from the mission
averaged data until February 2011. The red lines show Mimas’ semi-major axis + its
radius. The orange lines show the extent of the sweeping corridor. Its width is
dominantly determined by Mimas’ eccentricity and it is smeared out due to radial
diffusion. The intensity within the corridor is an upper limit since there might be a

contribution from background radiation.
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Figure 10. (a) ISS ratio image (Schenk et al. 2010) shown at UVIS resolution and
from the same perspective as the UVIS data in Fig. 1. This is the IR/UV3 ratio, so
darker (green) is where the surface is relatively bright at 340 nm. (b) UVIS
126MI_ICYLONOO3 swath 1 image of [/F at 170-190 nm from Fig 4c.. Longitude lines

are shown in 30° increments.

Figure 11. (a) Magnetic field gradients and associated radial drifts in the wake of a
plasma absorbing moon at Saturn (like Mimas). The view is for the equatorial plane
of the interaction region, as viewed from the north. In the sketch cold plasma comes
from the left, gets absorbed on the moon (circle). A plasma cavity forms, where
AB>0 (Region 1). Radial drifts there are antiplanetward. In Regions 2, AB<0 and
drifts are planetward. Energetic electrons drift from the right and encounter this
interaction region before impacting the moon. As drifts tend to be along AB=0, the
MeV electrons will preferentially hit the two sides of Mimas along the planet-moon

line, and avoid locations in the wake center.

(b) Curves of AB=0 for the plasma absorbing interaction of Rhea, based on
simulation results of Roussos et al. (2008). In this plot, +x points towards corotation
and +y towards Saturn, while the color indicates the magnetic field intensity, with
red/blue corresponding to high/low values respectively. Access of high energy
electrons at regions where AB=0 curves form closed loops is forbidden. Since one
such region is located in the wake center, more electron flux would be deposited at

the moon apexes. The picture should be similar for Mimas, although deformation of
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AB=0 curves (which should be parallel lines to the x-axis in an undisturbed dipole
field) should be less intense, since the AB/B at Mimas's wake is much smaller than

at Rhea's wake.

Figure 12. (Left) VIMS spectra from three regions of Mimas: the center of both the
leading and trailing hemispheres, and the crater Herschel. The wavelength is shown
in microns. No evidence for any component other than water ice, including COz,
which has been discovered on the other medium sized satellites (Buratti et al., 2005,
Clark et al., 2008), is seen. There is an as-yet unidentified spectral band near 1.8 pm.
(Right) The band depths of the water ice absorption band are plotted with the
model of Clark and Lucey (1984). The smallest grain sizes are concentrated on the

trailing side, while the larger particles are in the rim of Hershel.
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Table |

Table I.
date observation name | average sub- phase Sun-
Cassini spacecraft | angle Saturn
altitude longitude distance
(AU)
2005 012MI_ICYLONOO8 | 61,407 234°W 54.6° 9.08
August 2
2010 126MI_ICYLONOO1 | 17,090 91°W 43.8° 9.49
February
13
2010 126MI_ICYLONOOZ | 32,401 120°W 25.8° 9.49
February
13
2010 126MI_ICYLONOO3 | 51,231 km | 145°W 16.2° 9.49
February
13

The leading hemisphere is centered on 90°W longitude, while the anti-Saturnian hemisphere is
centered on 180°W longitude.
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