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Abstract

The Juno spacecraft has discovered constellations of
circumpolar cyclones about the poles of Jupiter. The
shape of these constellations has remained stable over
the last 1.5 years of observation. However, an in-
depth, long-term analysis of the location and charac-
teristics of the circumpolar cyclones is necessary to
compare the observed phenomenon with existing the-
ories.

Introduction

NASA’s Juno spacecraft[1] provides unprecedented
observations of the polar regions of Jupiter. Obser-
vations with the JunoCam[2, 3] and JIRAM instru-
ments [4] on Juno have identified cyclonic vortices
around the poles of Jupiter. These circumpolar cy-
clones (CPCs) have been characterized as mostly sta-
ble configurations of eight and five CPCs, respectively
spread around the geographical north and south poles,
each with a central cyclone located in close proximity
to the pole[4].

Measurements of the poles are performed close to
the time of closest approach, i.e. perijove (PJ), which
occurs roughly every 53 days. JunoCam can be ori-
ented to observe the poles of Jupiter at every of the
currently planned perijoves. JunoCam is limited to ob-
serving the illuminated day-side of Jupiter, so one PJ
observation with JunoCam will only include half of
the north polar region and more of the south polar re-
gion as it is viewed for longer. These measurements
are taken close to the Jovian northern winter solstice
so the south pole is better illuminated due to the Jo-
vian axial tilt of 3 degrees.

Circumpolar Cyclones

Figure 1: Composite image of perijove observations
1 and 4 of Jupiter’s south pole (left) and of perijove
observations 6 through 9 of Jupiter’s north pole (right).
Adapted from [5].

Composite images of JunoCam observations from
different perijoves (Figure 1) reveal a pentagonal con-
stellation in the south pole and an octagonal (ditetrag-
onal) constellation in the north pole. Repeated obser-
vations show that the overall arrangement of the CPCs
seems to be mostly stable and that individual CPCs do
not move far from the observed configuration between
perijoves.

The constellation of circumpolar cyclones has re-
mained largely constant over the last 1.5 years of ob-
servation. Figure 2 exemplifies this by showing the
south-polar pentagonal structure of circumpolar cy-
clones during PJ12.

Vortex Crystals
A current hypothesis is that the eight- and five-sided
structures of circumpolar cyclones may be similar to
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Figure 2: Southern polar region during perijove 12.

so-called vortex crystals[4]. These vortex crystals are
characterized by a stable, symmetric configuration of
vortices around a circle. Figure 3 shows examples of
these configurations that show the most similarity with
the observed vortex constellations of Jupiter. Vortex
crystals can emerge in inviscid incompressible two-
dimensional fluids due to relaxation of a turbulent ini-
tial state into a state of maximum entropy[7]. So far,
real-life examples of this phenomenon have only been
observed in experiments of rotating superfluid helium
and Bose-Einstein condensates, as well as magnetized
electron columns and super-conductors.

Long-term evolution

To understand the mechanisms behind the stability
of the circumpolar cyclones and test how well vor-
tex crystal theory is applicable we need to quantify
the long-term behavior of the Jovian circumpolar cy-
clones. The long-term tracking of cyclone location is
especially important for characterizing the stability of
their constellation.

For this purpose we aim to use the ISIS3 imaging
processing tool to achieve an improved mapping for
the JunoCam images.

Figure 3: Examples of vortex crystal structures.
Adapted from [6].
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