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Abstract Magnetic reconnection has been commonly reported between the solar wind IMF and the
magnetic field of Earth and other planets. A similar phenomenon is expected between Jupiter's magnetosphere
and Ganymede's mini magnetosphere inside the Jovian magnetosphere. This article is the first report of a
reconnection event in the tail region of Ganymede. We present compelling evidence that Juno flew in close
proximity to an X‐line, that was not within the tail current sheet, but rather in the turbulent wake area of
Ganymede. We report the observation of distinctive electron Bernstein mode waves with unique characteristics
particular to a separatrix region of the reconnection site. We detect a clear reversal of a magnetic field
component. Electron densities and pitch angle distributions also indicate that Juno possibly traversed the inflow,
and outflow region surrounding the separatrix region. Finally, from the time sequence of the observations by the
different instruments on Juno, we reconstruct a likely trajectory of Juno around the reconnection site.

1. Introduction
Jupiter's moon Ganymede is the only known satellite to have a magnetosphere of its own within a planetary
magnetosphere (Gurnett et al., 1996; Kivelson et al., 1996). The dipole fields of Ganymede and Jupiter are
oriented in nearly opposite directions (Kivelson et al., 2002). The plasma interaction between Ganymede and
Jupiter is comparable to some extent to that of Earth and the Sun under a southward interplanetary magnetic field.
However, due to the sub‐Alfvenic speed of the plasma flow Alfven wing interactions in the wake region of
Ganymede are likely (Burkholder et al., 2024). Some proof of magnetic reconnection near the upstream
magnetopause of Ganymede is given in Ebert et al. (2022) and Romanelli et al. (2022). Collinson et al. (2018)
reported reconnection‐generated fast flows near the flank magnetopause of Ganymede from the PLS data from the
Galileo G1 flyby. Reconnection at Ganymede's downstream has not been reported until now. MHD simulations of
Ganymede's magnetosphere predict magnetic reconnections both at the magnetopause and magnetotail (Dorelli &
Birn, 2003; Dorelli et al., 2015; Fatemi et al., 2016; Jia & Kivelson, 2021; Karimabadi et al., 2011). The con-
ditions for reconnection at Ganymede are highly favorable compared to Earth and Jupiter (Masters, 2017;
Paschmann et al., 2013), indicating considerable reconnection rates at all Ganymedean magnetopause locations.
Even though not directly calculated, a significant reconnection rate in the magnetotail is expected to satisfy the
magnetic flux conservation (Kaweeyanun et al., 2020). Numerous studies of the reconnection process at Earth's
magnetopause and magnetotail help us understand how reconnection may proceed in other systems, including at
Ganymede, where observations are scarce.

Magnetic reconnection in plasma refers to a microscopic process in which oppositely directed components of
magnetic field lines in close proximity break and reconnect to the neighboring field line. The abrupt reconfi-
guration of magnetic field lines causes the violation of the ideal plasma frozen‐in condition. When a charged
particle sees a varying magnetic field within the particle's gyro radius, the particle becomes decoupled from the
field. Ions with a larger gyro radius than electrons get decoupled from the field before the electrons. The dif-
ference between decoupled electron and ion motions gives rise to a Hall current (Sonnerup, 1979; Ter-
asawa, 1983). The Hall effect is essential for fast reconnection rates in collisionless plasmas (Birn et al., 2001;
Dorelli et al., 2015). A large amount of magnetic energy is released during the topological restructuring of
magnetic fields (Biskamp, 2000). The local explosive process creates turbulent regions in plasma. Plasma that is
accelerated by magnetic reconnection forms exhausts causing the generation of sharp gradients in phase space at
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the boundaries. So, close to the reconnection site, various plasma waves, such as upper hybrid, Langmuir, electron
cyclotron harmonic (ECH), broadband electrostatic solitary waves along with lower hybrid and whistler mode
waves (Khotyaintsev et al., 2019) are generated to relax such gradients.

The study of reconnection events is challenging because of their small spatial dimension compared to the
plausible occurrence region and their intermittent manifestation. Special effort has been put into studying the
reconnection events near Earth by Cluster (Escoubet et al., 2001), THEMIS (Angelopoulos, 2008), and
Magnetospheric Multiscale (MMS) (Burch et al., 2016) missions. Studies on Earth have found that the occurrence
of certain waves like Langmuir, ECH, and electrostatic solitary waves (Viberg et al., 2013) could act as a distinct
marker for a reconnection site. It is often not possible to identify such distortions in real/phase space from particle
data due to insufficient temporal resolutions of particle measurements. However, magnetic reconnection is often
assumed from the observations of heated and accelerated thermal and suprathermal electron flows (e.g., Ebert
et al., 2017; Fuselier et al., 2014; Phan et al., 2013).

Even with sophisticated instrumentation the study of reconnection events is found to be difficult in Earth's
magnetosphere. The problem increases in the case of Ganymede as we only have sparse observations by two
satellites. On 7 June 2021, Juno was the first spacecraft to fly through the Ganymede's magnetotail (z = 0) at an
altitude of ∼2.9 RG or 7,668 km (x= 2.67 RG or 7,033 km, y= − 1.16 RG or − 3,055 km), where RG is the radius of
Ganymede (2,634 km). In this study, we report for the first time a magnetic reconnection around Ganymede's
magnetotail at x = 3.06 RG, y = − 1.62 RG, z = − 0.14 RG during the close flyby. Measurements from Waves,
particles, and magnetic field instruments point to Juno's proximity to an X‐line. However, we must make
allowance for the fact that instruments on Juno are inadequate for any detailed study of reconnection physics. In
Section 2, we describe the observations of the reconnection event as seen by the various instruments on Juno.
These observations are analyzed in Section 3. We summarize our findings in Section 4.

2. Observations
On 7 June 2021, the Juno mission had an opportunity to examine Ganymede's magnetospheric activities during a
close flyby. Juno approached Ganymede from the downstream side and left through the upstream side (Allegrini
et al., 2022; Clark et al., 2022; Hansen et al., 2022; Kurth et al., 2022). Figure 1 shows Juno's trajectory overlaid
on an MHD magnetic field model (Duling et al., 2022). Here we use the Ganymede centric (GPhiO) coordinate
system, where z is parallel to Jupiter's rotation axis, y approximately points toward Jupiter and x completes the
right‐handed system, along corotation. The approximate position of Juno at 16:48:37 UT, where the downstream
reconnection event reported in this study occurred, is marked. The following subsections describe the distinctive
observations by different instruments on Juno around the reconnection event.

2.1. Plasma Waves

For this study, measurements of electric and magnetic fields were obtained from the Waves instrument (Kurth
et al., 2017). We use the low‐frequency receivers, which operate in the frequency range of 50 Hz to 20 kHz. The
most compelling evidence of Juno's passing over a magnetic reconnection separatrix is obtained from this instru-
ment. The sampling rate of this receiver is 50 kHz (20 microseconds), which is high enough to observe the electron
scale structures. But it is to be noted that the high‐resolution waveform data are available to us for at the most
∼123 milliseconds (6,144 samples) in every second. Reduced resolution continuous observation from this instru-
ment uses an onboard FFT engine that transmits binned FFT results once a second in 18 logarithmically selected
channels. Here we use the full‐resolution burst waveform to identify the fine structures. The high‐resolution fre-
quency spectrum in this study is calculated on the ground from the time domain burst data using blocks of 1,024
samples. Figure 2 shows the time and frequency domain data in the region of the reconnection event. A very strong
ECH wave with multiple harmonics at ∼1 kHz spacing is clearly seen in panels A1 and B1 (zoomed in). The time
domain waveform in panel B2 also shows the baseline being modulated by ECH waves. A large negative voltage
peak of ∼80 mV is seen at 16:48:37.620 UT (Figures 2a2, 2b2) indicating an electrostatic solitary wave (ESW).

2.2. Charged Particles

Particle data from the JADE instrument (Allegrini et al., 2022; McComas et al., 2017), specifically the JADE‐E
sensors that measure electrons in the energy range of ∼0.030–32 keV, are used to examine the thermal/supra-
thermal electron behavior during the reconnection event.Measurements of electron flux and pitch angles are binned
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for one second as JADE‐E sensors step through different energies. One‐second scans of the binned electron (0.030–
32 keV) flux versus time (Panel B) and corresponding pitch angles for suprathermal electrons (200–600 eV) (Panel
A) are shown in Figure 3. We focus on the suprathermal electrons as they are expected to have the most distinctive
pitch angle distributions (PADs) close to the reconnection site. However, JADEhad limited coverage of pitch angle
measurements at this time. The type of PAD is presumed by visual inspection. A closer examination of Figure 3A
shows a monotonically decreasing electron flux from ∼30° to 90° pitch angles that resembles a field‐aligned
distribution at 16:48:36–16:48:38 UT. But by looking at ∼120°–150° pitch angles during 16:48:36–16:48:37
UT, we also see the presence of some isotropic PAD.A change in the trend from amoderately field‐aligned to a jet‐
like highly field‐aligned distribution during∼16:48:37–16:48:38UT is worth noting. Observations of high‐energy

Figure 2. Electric field observation around the reconnection event. Panels (a2 and b2) (zoomed in) show the electric field
recorded by the electric dipole antenna. The resulting spectrogram of the electric field derived by blocks of 1,024‐point FFT
is shown in panels (a1 and b1) (zoomed in).

Figure 1. Projected Juno trajectory (red lines) on the magnetic field model (Duling et al., 2022) in reference to the reconnection event at (3.06 RG, − 1.62RG, − 0.14RG).
From left to right are the views of the x–y (z= − 0.14 RG), x–z (y= − 1.62 RG), and y–z (x= 3.06 RG) planes, respectively. Juno's position around the reconnection event
is marked by the red circles. Some other times are also shown (black dots) for reference.
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(30–1,000 keV) electrons from the JEDI instrument (Clark et al., 2022; Mauk et al., 2017) are also included
(Figures 3c and 3d) to get a complete picture. Though less clear, a change in electron flux and pitch angle behavior is
also seen in high‐energy (30–1,000 keV) electrons around the reconnection site. Pitch angle distributions of
electrons around the reconnection site are quite complex and depend on the energy (Li et al., 2022). Øieroset
et al. (2002) found that the fluxes of energetic electrons up to∼300 keV peak near the center of the diffusion region.
They also show that the electron PAD is field‐aligned bidirectional at energies below ∼2 keV and becomes
isotropic above∼6 keV. Other studies demonstrate that outside the diffusion region, as seen from the observations
at Earth, the inflow region generally contains cold plasma with mostly field‐aligned electron distributions with
equal electron flux in parallel and antiparallel directions (Borg et al., 2012; Viberg et al., 2013). The ion outflow
(exhaust) regions contain suprathermal electrons with primarily isotropic (flat top) electron PAD (Asano
et al., 2008; Borg et al., 2012). Reconnection accelerates particles inside the separatrix region and jets of supra-
thermal electrons flow along the separatrix. From Figure 3A, we see an increased flux of suprathermal electrons
(200–600 eV) with likely field‐aligned distribution during ∼16:48:36–16:48:38 UT. An unidirectional jet‐like
structure is evident during ∼16:48:37–16:48:38 UT. High energy electrons (Figure 3C & D) in the range of 30–
1,000 keV also show flux increase at ∼16:48:35.5–16:48:37.5 UT. The PAD is assumed to be isotropic at
16:48:36.5–16:48:37.5 UT (Figure 3D), as the electron flux does not show a clear bias toward any specific pitch
angles. The PAD is more directional (>90°) at 16:48:35.5–16:48:36.5 UT. Considering the small size of electron
diffution region and low sampling rate of Juno's particle data, particle observations around the reconnection site
may include samples from adjacent regions.

2.3. Magnetic Field

We use high‐resolution (64 Hz) measurements from Juno's fluxgate magnetometer (FGM) (Connerney
et al., 2017) for determining the background magnetic field (Figure 4a). A zoomed in view near the event is shown

Figure 3. Electron characteristics seen by JADE and JEDI around the reconnection event. Panels (a and b) show the binned
electron pitch angle and flux recorded by JADE, respectively. Regions around the reconnection event are indicated by the
dash‐dotted lines. Panels (c and d) show the integral number flux and pitch angles of electrons seen by JEDI, respectively.
Regions around the reconnection event are marked by the dashed lines.

Journal of Geophysical Research: Space Physics 10.1029/2024JA033173

JOSEPH ET AL. 4 of 11



in Figures 4b–4d as a function of time in GPhiO coordinates. A considerable disturbance in the magnetic field is
seen around the reconnection. Through the turbulent region, magnetic field components changed from a Bz‐
dominated orientation in Jupiter's magnetosphere to a Bx/By‐dominant configuration in Ganymede's magneto-
sphere. It is to be noted that to visualize the behavior of the magnetic field relating to reconnection a coordinate
transformation is needed (Figure 4e) which is described later (Section 3.3).

3. Discussion
3.1. Wave Data Analysis

In the separatrix region close to the electron diffusion region (EDR), waves covering a broad range of frequencies
specifically, Langmuir, upper hybrid, ESWs, and ECH waves are seen (Retinó et al., 2006; Vaivads et al., 2004).
They act as indirect markers for a nearby x‐line. As evident from Figures 2a1, 2b1 and 5a, we observed very
strong ECHwaves with many (4th–12th) harmonics in the range of∼4–16 kHz. Unexpectedly the lower (1st–3rd)
harmonics of the ECH waves are missing. This specific feature makes the observed ECH waves stand apart from
the normal ECH waves category (Hubbard et al., 1979). Based on MMS observations we suspect these ECH
waves are generated by the ring/crescent shaped electron distribution of suprathermal electrons. We calculated
the lower limit of fpe (39.782 kHz) from JADE partial electron density data. Wave powers for these ECH waves
are concentrated at frequencies (4–16 kHz) much below fpe (>39 kHz), ruling out the possibility of upper hybrid
oscillations misinterpreted as ECH waves.

Reconnection phenomena arewell studied in the Sun‐Earth system. Similar distinguishing strong ECHwaveswere
observed by MMS (Li et al., 2020) near the EDR at Earth's subsolar magnetopause on 24 December 2016.
Thermalized electron outflows were determined to be the source of the ECH waves in this case. Their analysis
showed that ECH waves were generated due to the crescent‐shaped agyrotropic electron distributions of the
outflowing electrons around the EDR. Numerical simulation (Umeda, 2007) shows that if thermal electrons are
responsible for the ring/crescent‐shaped distribution, lower harmonics of the ECH waves will be weak or absent.

Figure 4. Background magnetic field. Panel (a) shows the variation in magnetic field in GPhiO coordinates. Magnetic boundaries are shown on top (Clark et al., 2022).
The vertical dashed line in panel (a) shows the time of the reconnection event. Panels (b), (c), and (d) are the zoomed‐in view of the X, Y, and Z components of the
magnetic field around the event. Region of interest around the reconnection is marked by the dashed rectangle. Panel (e) shows the components of the magnetic field in
LMN coordinates. Bmax, Bint and Bmin are the variations in magnetic fields in the maximum, intermediate, and minimum variance directions obtained from theMinimum
Variance Analysis.
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This is in sharp contrast to the common ECH waves seen in the equatorial region of the planet's magnetosphere.
Figure 5A shows a snapshot (at 16:48:37.613 UT) of the power spectral density of the ECHwaves encountered by
Juno near the EDR in Ganymede's downstream region. Compare this with the MMS observation near the EDR at
Earth's magnetopause (Figure 5b) and note the missing lower harmonics. Missing lower harmonics of ECHwaves
indirectly indicates an underlying ring/crescent‐shaped distribution of suprathermal electrons rather than hot
electrons (Umeda, 2007). A ring/Crescent‐shaped distribution of suprathermal electrons is an important indicator
of proximity to anEDR (e.g., Fuselier et al., 2017;Webster et al., 2018).UnlikeMMS, Juno particle instruments are
not designed to measure such electron distributions directly. But the characteristic ECHwaves with missing lower
harmonics provide evidence for a separatrix region close to the EDR containing such an electron distribution. The
Juno electric field instrument also recorded a strong (∼80 mV) ESW at 16:48:37.620 UT (Figures 2a2, and 2b2).
ESWs are often reported in themagnetotail (Cattell et al., 2005; Deng et al., 2004; Khotyaintsev et al., 2010) and at
the magnetopause (Retinó et al., 2006) reconnection regions of Earth.

3.2. Particle Data Analysis

The electron motions in the inflow and the outflow regions of a reconnection site are well studied at Earth by the
Cluster and MMS missions. A statistical study by Borg et al. (2012) and other case studies (Asano et al., 2008;
Chen et al., 2008; Egedal et al., 2005, 2010; Nagai et al., 2001) show that the electron distribution in the inflow
region and the outflow region is mostly field‐aligned and isotropic, respectively. The distribution of suprathermal
electrons in the separatrix region is field‐aligned (Eriksson et al., 2018; Nan et al., 2022). JADE had partial pitch
angle coverage available surrounding the reconnection event. From the trend of the electron distributions, we see
indications of bidirectional field‐aligned and field‐aligned distribution with a jet‐like structure of suprathermal
electrons during ∼16:48:36–16:48:37 UT and ∼16:48:37–16:48:38 UT, respectively (Figure 3a). These obser-
vations suggest that Juno was in the inflow/outflow region followed by the separatrix region. We also see an
increase in electron flux with isotropic PAD in high‐energy populations (30–1,000 keV) during the time interval
(∼16:48:36.5–16:48:37.5 UT) marked by the blue and black dashed lines in Figures 3C and 3D. This behavior
implies that Juno was at the outflow region at that time. Just before this, at the time interval between the red and
blue dashed lines (∼16:48:35.5–16:48:36.5 UT) in Figure 3d, an increased flow of high‐energy electrons toward
the reconnection site (refer to Section 3.3) is visible as expected in an inflow region.

Figure 5. Power spectral densities (PSDs) of the characteristic electron cyclotron harmonic (ECH) waves found near the
reconnection sites. Panel (a) shows the PSD of ECH waves with wave power concentrated between the 4th to 12th harmonic
bands for the Ganymede downstream reconnection. Panel (b) is for comparison with a similar observation at Earth. Panel (b)
is reproduced from Figure 4f in Li et al. (2020). In the case of Earth, wave powers are concentrated between the 5th to 9th
harmonic bands. In both cases, lower harmonics of ECH waves are weak/absent.
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3.3. Magnetic Field Analysis

The planetocentric coordinate system used in spacecraft measurement is mostly not aligned with the reconnection
plane. Therefore, to identify reconnection a transformation of the coordinate system is required. In a suitable
cartesian coordinate system, the reconnection plane contains a L‐axis along which the component of the magnetic
field changes the most and an N‐axis, perpendicular to the current sheet. The third M‐axis completes the right‐
handed orthogonal coordinate system.

To identify the reversal of magnetic field, the Minimum Variance Analysis (MVA) method (Sonnerup &
Cahill, 1967) is used in this study. The variance matrix indicates the directions of the highest variance (L or Bmax),
the intermediate variance (M or Bint), and the lowest variance (N or Bmin). In the wake region of Ganymede, the
background magnetic field was very turbulent (Figure 4a), making the magnetic field analysis challenging. Most
reconnection phenomena observed at Earth are laminar; but some turbulent reconnections are also seen (Ergun
et al., 2022). For a targeted analysis of the event, 18 samples around the local magnetic field peak as shown by the
dashed rectangle in Figures 4b–4d, are used. The variations of the magnetic components in Bmax, Bint, Bmin are
plotted in Figure 4e. In our study, maximum to intermediate (λ1/λ2) and intermediate to minimum (λ2/λ3)
eigenvalue ratios are 3.83 and 22.69, respectively. Generally, for magnetic reconnection, the three eigenvalues of
the variance matrix are expected to be distinct. However, there are a significant number of cases where the lowest
variance stands out, but the highest and intermediate variance have similar values. So, any pair of vectors lying in
the plane perpendicular to Bmin, may serve as Bmax and Bint. In our case even though the λ1/λ2 value is moderate
(3.83), we can still use MVA for normal‐vector and normal‐field‐component determinations, as λ3 << λ2–λ1
(Paschmann & Daly, 1998). A value of λ1/λ2 > 5 (Romanelli et al., 2022) is required for the MVA analysis to
produce a deterministic estimation of Bmax, Bint. In our case, λ1/λ2 being 3.83, Bmax, Bint are not well defined. A
future study could cover a detailed analysis of the magnetic field using other methods. From the current analysis,
we see a reversal of the magnetic field (Bmax component) at 16:48:37.107 UT. Figure 6 shows the variation of the
magnetic field vector in GPhiO coordinates around the reconnection event in three dimensions. The orientation of

Figure 6. 3D view of the variation in magnetic field vector in GPhiO coordinates. The blue arrows show the magnetic field
vectors at three time instances around the reconnection. The green curve shows the trajectory of the head of the vector. The
projections of the vector variations are shown by the gray curves. The orientation of the LMN coordinates as derived by the
Minimum Variance Analysis with respect to the GPhiO coordinates is shown in red.
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LMN coordinates as determined by the MVA with respect to GPhiO coordinates is shown in the figure inlay. We
notice that in this configuration, the reconnection plane is only slightly offset from the X‐Y plane of the GPhiO
coordinates.

3.4. Combined Observations

Juno encountered ECH emissions in high‐resolution burst mode observations during 16:48:37.604–16:48:37.645
UT. There was also a strong (∼80 mV) ESW at 16:48:37.620 UT. These waves occur in the separatrix regions
close to the EDR. So, Juno was likely in the separatrix region during 16:48:37.604–16:48:37.645 UT. Adjacent to
this time, JADE estimated the trend in thermal/suprathermal electron flux and partial PAD around ∼16:48:36–
16:48:37 UT and ∼16:48:37–16:48:38 UT from a series of discrete measurements of pitch angles at different
energies. A slight increase in electron flux is seen below 1 keV around the later time. Pitch angle observations
around 16:48:36–16:48:37 UT indicate a nearly field‐aligned distribution expected to be observed in the com-
bined sampling of inflow and outflow region. The PAD changed to a highly field‐aligned distribution including a
possible jet around 16:48:37–16:48:38 UT indicating JADE was sampling the separatrix region. From JEDI
observations, we see an isotropic PAD with slight enhancement in flux in the high energy electrons around
∼16:48:36.5–16:48:37.5 UT, which is marked by the blue and black dashed lines in Figures 3c and 3d, suggesting
the passing of Juno over the outflow region. From minimum variance analysis, a reversal of the magnetic field
(Bmax component) was seen at 16:48:37.107 UT. However, the confidence level of the values of Bmax and Bint are
moderate. Depending on the sequence of events recorded by instruments on Juno, we construct one possible
illustration (Figure 7) of the Juno trajectory through the vicinity of the reconnection site. Based on Juno's velocity
(~18.6 km/s) with respect to Ganymede, the width of the separatrix region from the ECH wave duration (760 µs)
is of the order of 10s of meters. It is to be remembered that the time stamps mentioned here for particle data cannot
be used to pinpoint a time with absolute accuracy, they are only indicative of particle behavior around that time.
The reconnection site matches the predicted magnetopause crossing from Duling et al. (2022) within 20 s. The

Figure 7. Illustration of sequence of observations by various instruments on Juno. Red arrows show the Juno trajectory.
Circles are used to mark the plasma waves in the separatrix region. A star is used to mark the time of the reversal of the
magnetic field. Waves and the magnetic field measurements had a sampling resolution of 50 kHz and 64 Hz, respectively.
The rectangles and the triangle are used to indicate different pitch angle distributions of electrons as observed by JADE and
JEDI. The temporal resolution of the particle data used here is of the order of one second.
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predicted magnetopause crossing is reasonably close to the observed one at 16:50 as reported by Kurth
et al. (2022). Alfvén wing reconnection in this region is also likely (Burkholder et al., 2024).

4. Conclusions
This study is the first report of a magnetic reconnection in the wake region of Ganymede's magnetosphere seen by
waves, particles, and magnetic field instruments on Juno. Considering the Juno trajectory during PJ‐34 (Figure 1)
and the permanently favorable magnetic field and the Alfven wings orientation, encountering the magnetic
reconnection event was not surprising. The event reported here was not across the primary tail current sheet but
happened to be across a secondary reconnecting current sheet within the turbulent wake region. Complementary
observations from both waves and particle instruments were needed to investigate the reconnection site. The
Waves instrument is an excellent tool for identifying the separatrix region, but verification of typical particle
behaviors from the particle instrument is needed to identify the inflow/outflow regions. The direction of the
magnetic field can indicate the likely trajectory of Juno around the reconnection site. Here we presented all the
evidence of a close encounter with a reconnection site using waves, particles, and magnetic field data. It is worth
reiterating that this study depended on intermittent high‐resolution data from various instruments on Juno. High‐
resolution continuous data during such microscopic phenomena will be helpful for a complete understanding in
the future and missions like JUICE (Grasset et al., 2013) may shed more light on such events.

Data Availability Statement
The Waves burst data sets analyzed during the current study are available in the NASA Planetary Data System
repository (Kurth & Piker, 2024). The magnetometer data sets analyzed during the current study are available in
the NASA Planetary Data System repository (Connerney, 2024). The high‐energy particle data sets analyzed
during the current study are available in the NASA Planetary Data System repository (Mauk, 2024). The low/
medium‐energy particle data sets analyzed during the current study are available in the NASA Planetary Data
System repository (Allegrini et al., 2024).
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