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Abstract

We study the horizontal velocity and vorticity field of Saturn’s polar regions (from 60° to
90° North and South) by analyzing data retrieved by Cassini’s Imaging Science System
instrument. We determine the zonal mean profiles for the North and South up to 89.5°S
and 89.9°N and we also build two dimensional zonal and meridional velocity maps that
allow to compute vorticity maps. The hexagonal feature encloses an eastward jet at 75.8 °N
that becomes non-zonal. The peak of this eastward jet lies closer to the pole than the
eastward jet in the south, which is zonal. A similar anticyclone to the North Polar Spot
(NPS) that was observed by the Voyagers in 1981 is observed in the South on 2008-2009
images impinging on the eastward jet. However, it seems that this vortex does not excite a
wave on its closest jet stream. Finally, we study the stability of the zonal jets North and
South, where we find potential instabilities at the flank of these jets.

1 Introduction

Images obtained by Voyager flybys in 1980 and 1981 showed an hexagonal feature in Saturn’s
North pole at 75° planetocentric latitude enclosing a fast eastward jet with a velocity peak
of 120m s~! [7] and a large anticyclone denotated North Polar Spot (NPS) [I3]. These same
features and the eastward jet were reobserved by ground-based telescopes and with Hubble
Space Telescope (HST) during 1990-1995 [12, [3]. During 1997 and 2002 images captured by
HST showed a fast eastward jet in the South pole of Saturn [I4]. However, these images did
not showed an hexagonal feature, nor a large anticyclone in the South polar region. After
Cassini’s arrival to Saturn in 2004, the Hexagon an the eastward jet were again observed,
first by VIMS instrument when the North pole was in Saturn’s night [2] and then by ISS
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instrument, after Saturn’s equinox in 2009. However, the NPS was not longer present in these
images. During this epoch, the south polar region was also observed and the images showed
a fast zonal eastward jet at latitudes similar to that in the North. This had already been
observed in images in the thermal infrared obtained from Earth [9], and they also showed a
polar vortex [I5] with a dark eye surrounded by fast white clouds [4]. Once Saturn’s North
pole was illuminated by sunlight, images captured by ISS instrument showed a similar polar
vortex in the North pole. As these polar vortices on the giant planets is operate under a
very different thermo-chemical conditions, it is of great interest to study these polar vortices
for planetary comparison. Here we use images obtained by the Wide Angle Camera (WAC)
and by the Narrow Angle Camera (NAC) of Cassini ISS with the aim of comparing the
morphology of both polar regions from 60° to 90 ° North and South and obtaining wind and
vorticity maps.

2 Image selection, navigation and measurement methods

In this study we have used images captured by the WAC and the NAC of the Imaging Science
System onboard the Cassini spacecraft. We have used 8 WAC images and 4 NAC images
from June 2013, for the study of the North polar region, and 9 WAC images from October
2006 and December 2008 and 2 NAC images from July 2008, for the study of the South polar
region. We have used CB2 or CB3 narrow filtered images (centered at 752nm and 939 nm
respectively) [11] because they reveal the features at the top of the ammonia clouds at around
350-750 mbar altitude [10], 5] 6] with the highest contrast. All NAC images were used to
study the polar vortices while the WAC images where used to measure winds for latitudes
greater than 60° North and South.

All these images have been navigated using PLIA software [§]. This software allows
a manual correction of the navigation by limb fitting and/or adjusting the pole and it uses
information extracted from SPICE kernels [I]. Once the navigation is performed WAC images
are polar projected from 60° to 90° North and South and NAC images are polar projected
from 85° to 90 ° using an azimuthal equidistant projection [I8] in both cases.

Assuming that the clouds are passive tracers, we have used two different methods to
measure wind vectors: a) A bidimensional brightness correlator that allows us to validate,
correct or ignore wind vectors [8] used for image pairs separated by a maximum of 120 minutes
and b) Cloud tracking used for the measurements of the wind vectors of NAC images near the
pole separated by 40—80 minutes as the clouds move fast and change morphology rapidly. The
amount of wind vectors obtained by this second method is only 1% of the total measurements.

There are different sources of errors: a) An error introduced by the resolution limit
and the time interval of the image pairs, which varies from 4m s~! to 8 m s~! for the WAC
images used to measure the South polar region and around 10m s~! for the WAC images
used to measure the North. NAC images error is less than 1m s~! for both cases; b) The
navigation uncertainty for the WAC images is of a half a pixel and as large as ten pixels for
NAC images. This navigation error is of the order of the error introduced by the resolution
and time interval limit.
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3 Results

3.1 Morphology

Figure [1] shows both Saturn’s polar regions which present many similarities. Puffy clouds
of similar sizes and form are present all over both polar regions. A fast eastward jet is also
present in both poles with similar velocity peak. However, these eastward jets are of different
shape, the one in the North is an Hexagon [7] [12] [3] and the other is circular, and are located
at different latitudes, being the Hexagon closer to the pole (75.8°N vs 70.4°S). The NPS
from Voyager epoch is not present in the North in Cassini images, however, there is a very
similar anticyclone in the South polar regions in Cassini images from April 2008 to January
2009, which we denotate South Polar Spot (SPS). A polar vortex extending from 88.5° to
90° North and South [I5] Bl [I7] is also present in both hemispheres.

Figure 1: Panels A and B show a polar projection from 60° to 90 ° North and South respec-
tively, captured on 14 June 2013 with CB2 filter for panel A and on 3 December 2008 with
CB2 filter for panel B.

3.2 Wind maps and Zonal Wind Profile

In this study we obtained the zonal and meridional velocity maps and the zonal mean velocity
profile up to 89.9° North and South. As it can be seeing in Fig. [2] the zonal velocity maps
are very similar in both hemispheres, reaching velocities of around 100-120m s~! in both
eastward jets and 140-160m s~! in both polar jets. Meridional velocity maps of the North
and South are very different. In the North polar region meridional velocities from 20m s—*
to —20m s~! are observed in the hexagonal jet. However, there is no significant meridional
wind in the South polar region as expected for a zonal jet.

3.3 Vorticity maps

From the zonal and meridional velocities measured, we have extracted the vorticity maps of
both polar regions (Fig. . In this case, we have calculated the vertical component of the
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Zonal winds (m s7")

Figure 2: Top: Panels A and B show the zonal velocity maps averaged over all epoch of ob-
servation of the North and South respectively. Bottom: Panels A and B show the meridional
velocity maps averaged over all epoch of observation of the North and South respectively.

relative vorticity, which estimates the value of the potential vorticity and is given by [16]:

1 0 10
2oy 2tamp, (1)

(A p) = RcospdN ROy R

where u and v are zonal and meridional velocities respectively, R is the radius of the
planet at that latitude, ¢ is the latitude and A is the longitude. The results showed that the
vorticity peaks of the eastward jet in North and in the South are of order 6 1 x 10775~ !, a
tenth of the Coriolis parameter. However, as we move to the pole, the geometric term tang
of eq. [I] grows in magnitude and the vorticity reaches values of the Coriolis parameter in the
polar jets =25+ 1 x 107°s~! at 89.9°N.

3.4 Vorticity gradients

We have analysed the Rayleigh-Kuo instability criterion for barotropic atmospheres in the
eastward jets. The instability criterion is satisfied whenever gTZ > 0.
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Figure 3: Panels A and C show the vorticity maps from 60° to 83° North and South re-
spectively. Panels B and D show the vorticity maps from 83° to 90° North and South
respectively.
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Figure 4: Vorticity gradients of the North (panel A) and South (panel B) are represented
by the black solid line. The beta parameter is represented by the blue dashed line and the
horizontal dashed lines represent the westward jets while the horizontal solid lines represent
the eastward jets. The red dashed line represents the meridional vorticity gradient taking
into account the meandering effect of the hexagon.

As Fig. [f] shows, the beta parameter is much smaller than the ambient vorticity at
latitudes close to the eastward jets and then, the Rayleigh-Kuo instability is satisfied at the
two flanks of the eastward jets.
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