
1. Introduction
Jupiter's very bright ultraviolet (UV) auroras result from the collision between precipitating energetic parti-
cles and the atmospheric constituents in the planet's upper atmosphere. The auroras are generally divided 
into four components: The main emissions, the equatorward emissions, the polar emissions, and the sat-
ellites’ footprints. The location, morphology and behavior of each component indicates that they are relat-
ed to specific processes in different parts of the magnetosphere. The ever-present main emissions are the 
easiest feature to identify. They appear as a discontinuous contour around the magnetic pole. The northern 
hemisphere is subjected to a magnetic anomaly leading to regions of very strong and very weak magnetic 
field strength, which distorts the shape of the northern main emissions (Grodent et al., 2008). The main 
emissions are driven by internal processes in the middle magnetosphere at a radial distance of 20–60 Jovian 
radii (RJ) in the magnetosphere (Clarke et al., 2004; Vogt et al., 2011). The second component of Jupiter's 
aurora, the equatorward emissions, appear between the main emissions and Io's footpath and are mostly 
associated with magnetospheric injections (Dumont et al., 2014; Mauk et al., 2002). The multiple compo-
nents of the satellite magnetic footprints are connected to the satellites of Jupiter via magnetic field lines 
(Bonfond, 2012). Lastly, polar auroras are characterized by the large variability of the auroral emissions in 
the entire region located poleward of the main emissions. The polar auroras are related to the dynamics of 
the outer magnetosphere, but the detailed mechanisms are still unclear. The UV polar emissions are divided 
into three subregions, the dark region, the swirl region, and the active region (Grodent et al., 2003). The 

Abstract Since 2016, the Juno-UVS (Ultraviolet Spectrograph) instrument has been taking spectral 
images of Jupiter's auroras in their full extent, including the nightside, which cannot be viewed from 
Earth. We present a systematic analysis of features in Jupiter's polar auroras called auroral bright spots, 
which were observed by Juno-UVS during the first 25 orbits of the spacecraft. An auroral bright spot is an 
isolated localized and transient brightening in the polar region. Bright spots were identified in 16 perijoves 
(PJ) out of 24, mostly in either the northern or the southern hemisphere but rarely in both during the 
same PJ. The emitted power of the bright spots is time variable with peak power ranging from a few tens to 
a hundred of gigawatts. Moreover, we found that, for some PJs, bright spots exhibit quasiperiodic behavior. 
The spots, within PJ4 and PJ16, each reappeared within <2,000 km from the previous position in System 
III with periods of 28 and 22 min, respectively. This period is similar to periods previously identified in 
X-rays and various other observations. The bright spot positions are in a specific region in the northern 
hemisphere in System III, but are scattered around the magnetic pole in the southern hemisphere, near 
the edge of the swirl region. Furthermore, the bright spots can be seen at any local time, rather than being 
confined to the noon sector as previously thought from Earth-based observations. This suggests that the 
bright spots might not be firmly connected to the noon facing magnetospheric cusp processes.
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dark region is characterized by its crescent shape in the dawn sector within the main emission which ap-
pears dark in UV emission (Swithenbank-Harris et al., 2019). The swirl region is a region located around the 
magnetic pole which consists of numerous patchy and transient features whose motion is highly variable. 
Contrary to the behavior of the main emissions, where brightness and methane absorption are correlated (J. 
C. Gérard et al., 2016), the swirl region shows strong absorption signatures despite relatively dim emissions 
(Bonfond et al., 2017a). The active region, which lies poleward from the main emission in the noon to post-
noon sector (Pallier & Prangé, 2001), is very dynamic. Flares, bright spots, and arc-like features are often 
observed in this region (Bonfond et al., 2016; Nichols et al., 2009; Waite et al., 2001).

One feature of the active region is the presence of “auroral bright spots” and these bright spots are the fo-
cus of this present study. Auroral bright spots have previously been studied by Pallier and Prangé (2001), 
who defined of the auroral bright spot as a transient emission located at the southern end of the transpolar 
brightening in the poleward direction from the main emissions. Their analysis made use of Hubble Space 
Telescope (HST) observations of Jupiter's auroras, and they found that the locations of the bright spots typ-
ically varied in System III (hereafter SIII) longitude but were mostly located close to noon in magnetic local 
time (Pallier & Prangé, 2001, 2004). They therefore concluded that the bright spots could be linked to the 
Jovian cusp and either dayside or tail reconnection. However, the HST observations are limited in two ways. 
First, HST cannot explore the night side of the aurora and can only obtained limited views of the dawn and 
dusk sides. Second, the observations focused primarily on the northern aurora, as the southern emissions 
are closer to the pole and therefore more difficult to view from Earth. Since 2016, the Juno spacecraft has 
been in a polar orbit around Jupiter, providing unprecedented views of the planet's auroral regions (Bolton 
et al., 2017). The ultraviolet spectrograph (UVS; Gladstone et al., 2017) can be used to produce images of 
Jupiter's UV auroras covering all local times, providing the perfect opportunity to study the morphology of 
auroral bright spots in more detail than ever before.

Juno-UVS observations also provide the opportunity to study any periodicity in the auroral bright spot 
emission. Many types of quasiperiodic (QP) emission have been observed in Jupiter's auroral region. The 
active regions also features polar flares, which were first reported by Waite et al. (2001) and were identi-
fied as short-lived but intense features in the active region that can suddenly brighten within a short time 
scale (10 s of seconds). Bonfond et al. (2011) found that southern polar flares reappear periodically with 
time intervals of 2–3 min, and Bonfond et al.  (2016) revisited this study and found that these QP flares 
were present in half of their observing sequences. These features appeared in both northern and southern 
hemispheres, and some of them appeared to brighten in phase between the two hemispheres. From their 
location, size and behaviors, the flares appear to correspond to closed field lines mapping to the dayside 
outer magnetosphere. QP behavior has also been observed in the main emission region of the auroras; 
Nichols et al. (2017b) revealed a ∼10 min period pulsating aurora feature in the main emission, which has 
the same period as the Alfvén wave travel time between the equatorial sheet and the ionosphere. Since so 
many features of the Jovian aurora display a quasiperiodic behavior, we investigate here whether the bright 
spot also brightens in a repetitive way.

Quasiperiodic pulsations have also been observed in many other datasets. McKibben et al. (1993) identified 
40-minute periodicity in electron bursts observed by Ulysses, with a few cases showing shorter periods 
(2–3 min). Similarly, MacDowall et al. (1993) reported two classes of QP radio bursts with periods of 15 
and 40 min, respectively. There was also a report by Pryor et al. (2005) of the correspondence of 2 min-long 
QP flares observed by Cassini Ultraviolet Imaging Spectrograph (UVIS) with low frequency radio bursts 
observed by Cassini Radio and Plasma Wave Spectrometer (RPWS) and Galileo Plasma Wave Spectrometer 
(PWS). Furthermore, many QP pulsations with periods in the range 10–100 min have been reported from 
the analysis of X-ray observations (Dunn et al, 2016, 2017, 2020; Elsner et al., 2005; Gladstone et al., 2002; 
Jackman et al., 2018; Weigt et al., 2020; Wibisono et al., 2020). Gladstone et al. (2002) presented the pulsation 
of emissions from a hot spot region in the northern hemisphere with period of 45 min. Elsner et al. (2005) 
showed the relation between X-ray pulsations with ∼40 min period with Ulysses radio observation. Bunce 
et al. (2004) suggested that pulsed reconnection on the dayside magnetopause could be the source of the 
pulsations in both the X-ray and UV auroras.

So far, the only UV periodicities that have been observed in the active region of Jupiter's polar auroras have 
had periodicities of 2–3 min, while QP emission in the X-ray and radio emission typically has a much longer 
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period (10 s of minutes). However, the maximum length for a continuous observation obtained from HST 
is about 45 min which limits the longest periodicity it can detect to about 20 min. HST observations cannot 
explore the night side of the aurora and are biased toward configurations in which the magnetic pole is 
tilted toward the Earth. In contrast, Juno-UVS allows for observations over a time period of up 4 h, enabling 
us to search for variability on much longer timescales. In this study, we present a systematic study of the 
auroral bright spots observed by Juno-UVS during the first 25 orbits of the Juno mission. We discuss the 
observations and the bright spot detection method in Section 2, and we then discuss the results in Section 3. 
Juno provides an excellent view of Jupiter's polar regions at a range of local times, allowing us to study the 
locations of the bright spots in Section 3.1. Juno is also able to view the poles for an extended period of time 
during each orbit, allowing us to study the temporal variability of the bright spots in Section 3.2.

2. Juno-UVS Observations and Bright Spot Detection Methods
Juno is a spin-stabilized spacecraft that has been in a polar orbit around Jupiter since 2016. The Juno-UVS 
instrument is a UV photon-counting imaging spectrograph operating in the 68–210 nm wavelength range. 
There is a flat scan mirror at the entrance of the instrument, which allows it to look at targets up to ±30°away 
from the Juno spin plane. Its “dog bone” shaped slit consists of three contiguous segments with fields-of-
view (FOV) of 0.2° × 2.5°, 0.025° × 2°, and 0.2° × 2.5°. The data obtained from UVS consist of a list of pho-
ton detection events with the X position of the photon count on the detector corresponding to the spectral 
dimension and the Y position corresponding to the spatial dimension along the slit (Gladstone et al., 2017; 
Greathouse et al., 2013; Hue et al., 2019). The spacecraft spins every ∼30 s. Every spin, a spectrally resolved 
image can be reconstructed based on the motion of the field of view across the planet. The pointing mirror 
can target a different region of the aurora at each spin. Depending on the altitude of Jupiter, the area cov-
ered by the instrument during one Juno spin varies considerably; during the period of closest approach (PJ), 
a complete view of the auroras requires a combination of observations acquired during several consecutive 
spins. The polar projected images used for this study assume that the aurora originates from a mean altitude 
of 400 km above 1 bar level (Bonfond et al., 2015). For further analysis, the photon counts are converted to 
brightness in kilo-Rayleighs (kR) corresponding to the total unabsorbed H2 Lyman emissions and Werner 
bands. The conversion is carried out by multiplying the intensity obtained in the 155–162 nm spectral range 
with a conversion factor of 8.1, based on the H2 synthetic spectrum calculated by Gustin et al. (2013). The 
emitted power can then be computed by multiplying the brightness by the surface area and the mean energy 
of a UV photon. Uncertainty on the brightness calculation mainly comes from the in-flight calibration of 
the instrument effective area (Hue et al., 2019). In comparison, the uncertainty related to the shot noise is 
negligible here because we integrate over a relatively large region of the aurora (J. C. Gérard et al., 2019).

A bright spot is characterized as a distinct feature with a compact shape, which is very bright (typically more 
than 10 times brighter) in comparison to the surrounding area in the polar region. In order to identify the 
area of the bright spot, we first remove a mean background emission and then we consider regions with a 
brightness at least two times higher than the standard deviation of the brightness in the surrounding area. 
We then fit the shape of bright spot with an ellipse and we compute the emitted power in this ellipse. In this 
case, the main source of uncertainty lies in the selection of the area of interest. The uncertainty is therefore 
calculated by assuming an elliptical reference area 25% smaller and then 25% larger than the best fit ellipse. 
To assess the evolution of the total power in the region of interest, the ellipse area is fitted based only on 
the images for which the bright spot can be clearly identified. Then, for a given data set (i.e., a specific spot 
during a given perijove), the union of the fitted ellipses is used as a reference surface to compute the total 
power, so that the area of interest remains the same during the whole sequence.

3. Results
From UVS data obtained during the first 25 perijoves (PJ), bright spots appear in both northern and south-
ern hemispheres. An example from each hemisphere is shown in Figure 1. Northern hemisphere bright 
spots have been identified Northern hemisphere bright spots have been identified during 5 perijoves (PJ1, 
PJ3, PJ6, PJ8, and PJ13) and southern hemisphere bright spots have been identified during 12 perijoves (PJ4, 
PJ8, PJ9, PJ12, PJ14, PJ15, PJ16, PJ20, PJ21, PJ22, PJ23, and PJ24). It should be noted that PJ3, PJ12, PJ21, 
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and PJ23 each contain bright spots at two distinct positions. The bright spots sometimes appear as compact 
small spots, with smallest surface area 3.5 × 105 km2, and sometimes it covers a larger area (2.07 × 107 km2). 
The total power emission usually lies in the range of tens of gigawatts (GW), but some spots’ power can 
occasionally rise up to a hundred GW (e.g., PJ16 at 01:52:04, cf. Figure 7). The summary of bright spots area, 
power, magnetic flux corresponding to the spot's area, and the local time in Jupiter's ionosphere are shown 
in Figure 2. In the next subsections, we will discuss the variability of the bright spots’ power and position. 
We find that the bright spots usually reappear at nearly the same position in SIII coordinates, that is within 
a few degrees from their first detected position. Moreover, the time intervals between the occurrence of 
consecutive spots in a given perijove range from a few minutes to more than half an hour.

3.1. Location and Local Time

3.1.1. Position in System III

The pixel positions of the peak of bright spots were used to calculate the latitudinal and longitudinal coordi-
nates of spot features in the ionosphere. The bright spots in the northern hemisphere are mostly clustered in 
a restricted region. As shown in Figure 3, the positions of the bright spots, except for PJ8 data (marked as a 
green cross), are located within 60–70°N planetocentric latitude and 160–190°W (SIII). Incidentally, this re-
gion is also the X-ray hot spot region (Dunn et al, 2016, 2017, 2020; Gladstone et al., 2002; Weigt et al., 2020). 
One notable exception is found during PJ8, where the bright spot is located at ∼ 82°N and 216.5°W (SIII). In 
contrast, the bright spots detected in the southern hemisphere scatter around the magnetic pole.

In addition to showing the SIII positions of the bright spots, Figure 3 also shows the surface magnetic field 
strength from the Joint Replacement Models (JRM09) model (Connerney et al., 2018). Considering the two 
hemispheres together, it appears that the bright spots favor areas where the surface magnetic field strength 
is larger than 8 × 105 nT. Once again, the exception is the bright spot observed in the north during PJ8, 
which was one of the dimmest bright spots observed. Greathouse et al. (2017) noted that the brightness of 
swirl region depends on the orientation of the magnetic dipole relative to the sun. In particular, they found 
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Figure 1. Two examples of bright spots in Jupiter's polar auroras (indicated by red arrows) as observed by Juno-UVS in the northern hemisphere during PJ1 
(left) and the southern hemisphere during PJ12 (right). The grid represents meridians and parallels in the SIII, spaced every 10°. Each polar projection is a 
combination of observations acquired during several spins in order to create a full view of Jupiter's aurora. The two short, yellow lines in each frame show the 
subsolar longitudes at the start time and stop time of combined data. PJ, perijoves; UVS, Ultraviolet Spectrograph.
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that the swirl region is brighter when it faces the sun. On the other hand, the solar illumination does not 
seem to play a major role in the ionospheric conductivity, which is one of the possible parameters con-
trolling the auroral brightness. From radar observations, Galand and Richmond (2001) concluded that the 
solar UV flux does not contribute significantly to the ionization of the upper atmosphere neutrals, contrary 
to the precipitation of electrons and ions (e.g., Ballester et al., 2018; J. C. Gérard et al., 2020). We therefore 
investigated whether the bright spot behaves in the same way as the swirl region. To do so, we calculated the 
solar zenith angle at the bright spot position, as shown in Figure 4, and we found that the bright spot occurs 
even when the sun is at high zenith angle or even below the horizon.

3.1.2. Position With Respect to the Swirl Region

In order to study the location of the bright spots with respect to the swirl region, we plotted the bright 
spot locations on top of color ratio maps for each perijove. The color ratio is defined as the ratio between 
emission intensity of molecular hydrogen at two wavelength ranges, one unaffected by methane absorption 
(1,550–1,620 Å) and one affected by methane absorption (1,250–1,300 Å). On these maps, the swirl region 
displays distinctive strong absorption signatures (Bonfond et al., 2017a). Figure 5 shows examples of such 
color ratio maps from PJ6 (north, left) and PJ16 (south, right) with the position of the bright spots identified 
during these perijoves overplotted. By looking at all perijoves, we find that that the brightest spots are locat-
ed near the boundary of the high color ratio regions (swirl region). The biggest outlier was PJ1, for which 
the bright spots are located inside the high color ratio region instead of at its boundary (see Figure S2).
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Figure 2. A summary of the properties of the auroral bright spots observed by Juno-UVS. The top three panels show distribution of the surface area, the power 
emission, and the magnetic flux inside bright spot's area based on elliptical fit. The bottom panel shows the ionospheric local time at the bright spot's peak 
emission. On the left panels, those values vary at different PJs, for the northern spots (circles) and the southern spots (crosses). The right panels combine the 
data from all perijoves into histograms. PJ, perijoves; UVS, Ultraviolet Spectrograph.
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Figure 3. Polar projections with the same coordinates as Figure 1, show the magnetic field magnitude (in Gauss) on the surface of Jupiter based on JRM09 
model (Connerney et al., 2018) and the positions of bright spots observed in Jupiter's polar region for (left) northern and (right) southern hemispheres. The 
two dashed contours are the statistical locations of the main emission for the compressed (inner contour) and expanded (outer contour) cases observed by HST 
in 2007 (Bonfond et al., 2012). The black dot indicates the magnetic pole of each hemisphere (Bonfond et al., 2017b; Connerney et al., 2018). The colors of the 
bright spot markers correspond to their magnetic local times, calculated from the magnetic mapping model developed by Vogt et al. (2011, 2015) coupled with 
the JRM09 model. HST, Hubble Space Telescope; JRM, Joint Replacement Models.

Figure 4. Distribution of solar zenith angles of bright spots in the northern hemisphere (pink), Southern hemisphere 
(blue), and the combined spots from both hemispheres (green line). The dashed vertical line represents 90° solar zenith 
angle at which the sun is on the horizon. The angles larger than 90° refer to case when the sun is below the horizon, 
corresponding to the night time.
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3.1.3. Position in Magnetic Local Time

Observations carried out with HST suggested that the auroral bright spots are primarily located in the mag-
netic noon sector (Pallier & Prangé, 2001). However, HST observations are biased in favor of configurations 
for which the magnetic pole faces the Earth and the night side of the aurora is out of sight. On the contrary, 
Juno-UVS provides complete views of the aurora, including the nightside, whatever the orientation of the 
dipole. In this section, the local time of the bright spot in the magnetosphere is studied by using the mag-
netic mapping model. Inferring the magnetic local time of polar auroral features becomes increasingly un-
certain poleward of the satellite footprints’ reference ovals. However, this uncertainty will not prevent any 
estimate of the magnetic local time, because the exact number of the local time is not the main interest, but 
instead we are interested in the broad sector to which the aurora connect. One of the most important char-
acteristics required from the magnetic field model is the capability to account for the bendback of the mag-
netic field lines and to accurately represent the topology of the field close to the planet. Therefore, we chose 
the publicly available magnetosphere-ionosphere mapping flux equivalence method of Vogt et al.  (2011, 
2015) coupled with the JRM09 internal magnetic field model (Connerney et al., 2018) to evaluate the mag-
netospheric source location and local time in the outer magnetosphere.

The mapping results show that the bright spots are generally mapping to positions beyond 150 RJ or beyond 
the dayside magnetopause, which means the positions are beyond the model's limit. In order to estimate 
the result despite these limitations, we extrapolate the spots’ position radially until we obtain a predicted 
position from the model. This can be done by tracing a line on the polar plot, from the magnetic pole toward 
the bright spot's position and keep moving equatorward until we obtain the latitude and longitude that can 
be mapped to a position inside the model boundary. In the southern hemisphere, we chose the point where 
the JRM09 magnetic field is vertical as the southern magnetic pole, at approximately −86°N and 340°W 
(SIII). In the northern hemisphere, the magnetic field is so complex that there is no point where the field 
is vertical in the auroral polar region. Hence, we chose the barycenter of the aurora as defined in Bonfond 
et al. (2017b), at 74°N and 185°W (SIII). The polar projection maps of bright spots and the corresponding 
magnetic local time are shown by the color of the crosses in Figure 3. The local times of the bright spots in 
the northern hemisphere range from late evening through midnight to late morning while the local times 
for bright spot in the southern hemisphere spread in entire range. As well as calculating the magnetic local 
time of each spot, we also calculated the ionospheric local time, which takes the magnetic pole defined 
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Figure 5. The bright spots positions and the color ratio map observed from (left) PJ6 and (right) PJ16. The coordinates and two dashed contours are described 
in Figure 1. The plus signs are the bright spots observed in (left) PJ6 and (right) PJ16. The asterisk signs represent the magnetic poles, for (left) north and (right) 
south hemispheres (Bonfond et al., 2017b; Connerney et al., 2018). PJ, perijoves.
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above as the center and the Sun direction as noon. The ionospheric local times are shown in Figure 2, and 
their distribution is similar to the distribution of magnetic local times. These local times surprised us that 
this feature can appear on the night time as well. This wide distribution of local times significantly contrasts 
with previous studies (Pallier & Prangé, 2001, 2004) which suggested that the bright spot could correspond 
to noon local time facing magnetospheric cusp. This discrepancy is likely to be due to the fact that the 
previous studies were essentially based on images of Jupiter with the magnetic pole oriented toward HST 
and restricted to the dayside of Jupiter. Therefore, because of these biases, their results focus on local times 
compatible with a connection to the magnetospheric cusp.

3.1.4. Bright Spot's Motion With Time

Figure 6 shows the locations of the observed bright spots on a cylindrical map. In most perijoves with bright 
spots, they were observed on multiple occasions, and Figure 6 shows how their locations vary with time. 
Please note that this figure shows both the bright spots in the same plot which are separated by different 
colors. In most cases, the positions of the northern and southern spots only change slightly in both latitude 
and longitude (a few thousand kilometers). The only spots whose locations vary noticeably are the northern 
spot from PJ3 and the southern spots from PJ9, PJ16 and PJ24. The motions of the bright spots at latitudes 
beyond ±85°, that is, PJ14 and PJ15, are actually very small because the positions lie close to the rotational 
pole. The bright spot found in PJ3 in the north (deep blue symbol in Figure 6), shows the variation in posi-
tion starting from 164°W to 158°W in longitude and 3° shifted in latitude. For the bright spot in the southern 
hemisphere, the bright spot from PJ9 appears to move from low to high latitude starting from −76°N to 
−80°N and from 47°W to 62°W in longitude while a bright spot from PJ24 continuously change position 
from 20°W to 70°W in longitude. These results show that the bright spots are mostly fixed in specific posi-
tions as Jupiter rotates, while, in a few cases, their positions changed. The rates of change in positions are 
also not related to Jupiter's rotation period. Moreover, the motions do not have any systematic pattern since 
we found cases where the SIII longitude increased or decreased over time.

3.2. The Bright Spot's Power Variations

Polar emissions have previously been observed to be quasiperiodic with periods varying from a few minutes 
to several tens of minutes. In this section, we investigate whether the auroral bright spots are also a form 
of QP emission. Since Section 3.1.4 showed that the bright spots reappear at nearly the same position, we 
consider the emissions in the same region to be part of a continuous sequence. In many cases, we can see 
the bright spot brighten and fade with a time interval on the order of minutes. When we consider the whole 
available data set, this time interval is in the 3–47 min range.

The continuous tracking of the bright spot emitted power is complicated by the fact that the field-of-view 
of the instrument varies significantly with time, which leads to discontinuous sampling rate, or inappro-
priately short sequences, to investigate periodicities over many cycles. Moreover, as the mission progressed, 
the duration of the observations in the northern hemisphere decreased from a few hours to a few tens of 
minutes. Fortunately, two particular cases, from PJ4 and PJ16 in the South, allowed for a quasicontinuous 
monitoring of the bright spots’ power variations for 3–4 h.

Figure 7 shows the power variation as a function of time for one particular southern bright spot during PJ16 
(a similar plot for PJ4 can be found in the supplemental material). The shaded areas indicate time intervals 
during which UVS field-of-view missed more than 50% of the region of interest defined by the union of the 
fitted ellipses. The power peaks of the bright spot are above 35 GW and can reach up to 170 GW. Moreover, 
a clear repetitive pattern is identified in the time series, that is, the power reaches a peak every ∼30 min. In 
addition to the well-identified bright spots (black arrows), the plot shows that there are additional power 
peaks (indicated by red arrows) that correspond to more diffuse features that were not identified as bright 
spots at first. Nevertheless, these power peaks are close to shaded areas, suggesting that UVS might have 
missed the time interval during which a clear bright spot could have been identified. The time intervals be-
tween consecutive peaks in this plot ranges from 5 to 40 min, with a typical interval around 25 min. In order 
to get quantitative results, we also determine the spot's reappearance period with a Lomb-Scargle analysis, 
which is suitable for analyzing discontinuous time series data (see Figure S4). The results confirm that the 
bright spot emissions PJ16 repeatedly brighten with period of 23 min. Results from PJ4 shows a similar 
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pattern with a ∼28 min period. The periodicity of these auroral bright spots is considerably longer than the 
2–3-minute periods of the polar flares (Bonfond et al., 2011, 2016), which also occur in a similar part of the 
aurora. These 20–30-min periods are however similar to other reports of quasiperiodic phenomena in Jupi-
ter's polar regions (Dunn et al., 2016; Jackman et al., 2018; MacDowall et al., 1993; McKibben et al., 1993; 
Wibisono et al., 2020).

4. Discussions and Conclusions
Based on the previous observations of Pallier and Prangé (2001), we expected that the bright spots would ap-
pear near noon magnetic local time corresponding to the Jovian magnetospheric cusp. Instead, our results 
show that the bright spots can be seen in various ionospheric local times and are observed at positions map-
ping to a wide range of magnetic local times in the distant magnetosphere. Moreover, several bright spots 
were observed at different locations during the same observational sequence. We show that the bright spots 
mostly lie near the edge of the swirl region (with one exception during PJ1). Furthermore, we show that in 
18 cases out of 20, bright spots reappear at approximately the same SIII position during a given sequence, 
suggesting that the source region (wherever it is along the field line) corotates with Jupiter. Moreover, the 
local time results thus rule out the possibility that the bright spot is direct counterpart of a noon-facing mag-
netospheric cusp, under the assumption that the magnetospheric topology in the polar region is simple. On 
the other hand, Zhang et al. (2020) suggested that topology of the polar-most field lines could be very com-
plex and helical, leading to atypical definition of a magnetospheric cusp for Jupiter and an unclear mapping 
of the field lines. If this model actually reflects the complexity and entanglement of the high latitude field 
lines, then we cannot exclude that the bright spots could be related to some cusp-like processes, but these 
would be much more complex than expected from an analogy with the Earth.
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Figure 6. Latitude and SIII longitude map shows the positions of bright spot observed in northern hemisphere (plus sign) and southern hemisphere (cross 
sign). Each line is named by the perijove number and the hemisphere, for example, PJ1(N) is for northern bright spot from PJ1. The northern spots are colored 
in shades of blue and southern spots use a color gradient from green to red. The line connecting each data presents the motion of bright spot with observing 
time order. The large dot for each line represents the first position of the bright spot during a sequence. PJ, perijoves.
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Finally, our study of the variations of the emitted power shows that the bright spots are not sporadic random 
events, since they reoccur multiple times at nearly the same position. The bright spot emissions observed 
during PJ4 and PJ16 are particularly interesting because of the length of the observed sequence, and qua-
siperiodicities of 22–28 min are detected. Such timescales are hard to identify with the limited duration of 
HST observations (∼45 min). Even if we do not exclude a possible relationship between the bright spots and 
the flares, it should be noted that the periodicities identified here for the bright spots are one order of mag-
nitude longer (∼30 min) than the one identified for the 2–3 min QP flares (Bonfond et al., 2011; Bonfond 
et al., 2016; Nichols et al., 2017a). Moreover, while most of the bright spots appear close to the boundary 
of the swirl region, the flares instead take place on the noon and dusk sides of the active region (Bonfond 
et al., 2016; Nichols et al., 2017a). Instead, the reappearances of bright spots several times during the same 
day suggest a link with other quasiperiodic behavior with similar time scales. It should be noted that the 
3–47 min time intervals between consecutive emissions are also the same range as quasiperiodic pulsations 
identified in radio emissions (MacDowall et al., 1993), relativistic electrons (McKibben et al., 1993), Alfvén 
waves (Manners et al., 2018) and X-ray pulsations (Jackman et al., 2018; Wibisono et al., 2020). Further 
studies of the connection between these different phenomena will certainly provide important information 
concerning the processes giving rise to these emissions.

Data Availability Statement
The data included herein are archived in NASA's Planetary Data System (https://pds-atmospheres.nmsu.
edu/data_and_services/atmospheres_data/JUNO/uvs.html).
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