
1.  Introduction
Mercury, the smallest and innermost planet in the solar system, possesses an intrinsic, relatively weak (∼195 nT 

𝐴𝐴 𝐴𝐴
3

𝑀𝑀
 , with 1 RM ∼ 2,440 km), global magnetic field (Anderson et al., 2011; Ness et al., 1974). This field is highly 

dipolar, with a moment that is closely aligned with its rotation axis (dipole tilt ≤0.8°) and offset ∼0.2 RM north-
ward from the planet's center (Anderson et al., 2007, 2011, 2012; Johnson et al., 2012). The interaction between 
Mercury's magnetic field and the high solar wind dynamic pressure in the inner heliosphere generates a small 
magnetosphere whose mean magnetopause standoff distance is ∼1.45 RM (Philpott et al., 2020), shielding the 
planet's surface from the solar wind most of the time (Slavin et al., 2014, 2019; Winslow et al., 2020).

Mercury is also characterized by an iron-rich, electrically conducting core with a large radius of ∼0.8 RM 
(Hauck et al., 2013; Katsura et al., 2021; Smith et al., 2012). The presence of this core implies the electromag-
netic coupling between Mercury's interior and its plasma environment can play an important role in the solar 
wind-magnetosphere interaction (e.g., Hood & Schubert, 1979). Indeed, variability of magnetic flux at the core 
can result in significant eddy currents, whose associated magnetic field can be an appreciable fraction of the plan-
etary dipolar field (e.g., Glassmeier et al., 2007; Heyner et al., 2016; Jia et al., 2015, 2019; Johnson et al., 2016; 
Saur et al., 2010; Slavin et al., 2014; Wardinski et al., 2019; Zhong, Wan, Wei, et al., 2015).

The solar wind along Mercury's orbit is partly defined by low Alfvenic Mach numbers and plasma beta values, 
due to the planet's proximity to the Sun. Thus, it presents favorable conditions for magnetic reconnection between 
the shocked Interplanetary Magnetic Field (IMF) and the planet's intrinsic magnetic field (e.g., DiBraccio 
et al., 2013; Gershman et al., 2013; James et al., 2017; Romanelli, DiBraccio, Gershman, et al., 2020; Slavin & 
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Holzer, 1981; Slavin et al., 2009, 2012; Zurbuchen et al., 2004). Indeed, DiBraccio et al. (2013) found that magne-
topause reconnection can occur under most magnetic shear angles between the IMF and the planetary field and 
with high dimensionless reconnection rates (0.15 ± 0.02). These rates are a factor ∼3 larger than values reported 
at Earth, the only other known planetary magnetosphere with dynamics dominated by a reconnection-driven 
Dungey-cycle (Dungey, 1961). This cycle of magnetic flux and plasma circulation begins with magnetopause 
reconnection, creating open magnetic field lines that are then convected to the magnetotail. This magnetic flux 
eventually reconnects within the tail and returns to Mercury's dayside on ∼3–3.5 min timescales (e.g., DiBraccio 
et al., 2013; Dungey, 1961; Imber & Slavin, 2017; Slavin et al., 2009, 2012, 2021).

Spacecraft observations and numerical simulations have also enabled characterizing Mercury's magnetosphere's 
global response to varying IMF orientations, and its implications for several processes, including magnetic recon-
nection (e.g., Aizawa et al., 2021; Jia et al., 2015, 2019; Richer et al., 2012). For example, in a cross-comparison 
global simulation model effort, Aizawa et al. (2021) examined the locations of reconnection sites under a configu-
ration with purely northward IMF configuration. In addition, Jia et al. (2015); Jia et al. (2019) reported Mercury's 
magnetosphere exhibits strong asymmetries with respect to the planetary equatorial plane, which are attributed 
to its dipole offset and the large solar wind flow aligned IMF component, typically present in the solar wind 
upstream of this planet. These asymmetries not only modify the magnetopause and magnetotail current systems, 
but can also affect the location of the magnetotail reconnection X-line.

Studies on the terrestrial magnetosphere show that the IMF orientation at the time of magnetopause reconnection 
affects the transfer of solar wind momentum and energy into the system and can impact, for instance, the magne-
totail configuration (e.g., Cowley, 1981; Fedder et al., 1991, 1995; Luhmann et al., 1984; Pitkänen et al., 2021; 
Tsyganenko et al., 2015). One of the most noteworthy effects is the magnetotail current sheet rotation or twisting 
dependence on the IMF dawn-dusk component (By). The current sheet is observed to rotate counter-clockwise 
in the cross-sectional tail plane (looking from Earth toward the tail) for duskward, IMF By > 0. The tail rotates 
clockwise for dawnward, IMF By < 0 (e.g., Kaymaz et al., 1994; Owen et al., 1995; Sibeck et al., 1985; Tenfjord 
et al., 2015; Tsyganenko et al., 1998, 2015; Xiao et al., 2016). Additionally, several statistical analyses indicate 
that the magnetotail current sheet rotation increases with downtail distance and the IMF By magnitude (e.g., 
Kaymaz et al., 1994; Tsyganenko et al., 2015). There are also indications of asymmetries in the degree of magne-
totail twisting depending on the polarity of the IMF By and Bz components (e.g., Kaymaz et al., 1994; Pitkänen 
et al., 2021).

Cowley (1981) developed a theoretical model that seeks to explain some of the properties of the terrestrial tail 
twist. The presence of a non-zero IMF By component generates asymmetric dayside magnetopause reconnection, 
affecting the magnetic flux loading in the magnetotail lobes (e.g., Gosling et al., 1985; Khurana et al., 1996; Park 
et al., 2006; Tenfjord et al., 2015). Under these conditions, this model proposes that tangential stresses on the tail 
magnetopause by the deflecting open magnetic field lines exert a torque on the magnetotail lobes that is respon-
sible for the current sheet rotation (Cowley, 1981).

Interestingly, although Mars lacks an intrinsic global magnetic field, DiBraccio et al. (2018) discovered a magne-
totail twist in its hybrid magnetosphere (Acuña et al., 1998). The observed tail twist at Mars is also dependent 
on the IMF By component and responds with the same sense as that of Earth's. Therefore, it has been suggested 
that the Martian tail twist could be associated with magnetic field reconnection between the shocked IMF and 
remnant crustal magnetic fields (Acuña et al., 1999; DiBraccio et al., 2018). Moreover, a statistical study on 
the factors that influence the Martian magnetotail twisting shows that the rather large twist (compared to the 
terrestrial case) increases with downtail distance to Mars and is also larger for duskward IMF By orientation 
(DiBraccio et al., 2022).

While studies have been devoted to understanding magnetotail twists at Earth's and Mars' magnetospheres, there 
are still several open questions. The physical mechanisms behind these tail rotations are not sufficiently well 
determined and, therefore, the properties that the planetary obstacle and the solar wind must meet to do so. 
For example, Earth and Mars have different planetary atmospheric and magnetic environments (i.e., global and 
crustal fields) with distinct spatial and temporal scales that experience different solar wind parameters at their 
location in the heliosphere. For this reason, assessing whether a tail twist is present within another intrinsic 
magnetosphere will help to better understand the forces at play. In this work, we seek to contribute to the current 
understanding of this topic by performing the first analysis of Mercury's magnetotail configuration as a func-
tion of the IMF dawn-dusk component in the search for a potential twist, based on all MErcury, Surface, Space 
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ENvironment, GEochemistry and Ranging (MESSENGER) magnetic field observations. We also analyze the 
extent to which magnetic field observations in the near-magnetotail of Mercury present signatures correlated 
with the IMF By and the planetary dipolar field. Finally, we put this study into context with previous reports on 
the terrestrial magnetotail.

2.  Data and Selection Criteria
On 18 March 2011, MESSENGER began its orbit around Mercury. The initial spacecraft orbit had a period of 
∼12 hr and high eccentricity (apoapsis altitude of ∼6.1 RM) (Solomon et al., 2007). Equipped with a three-axis, 
ring-core, fluxgate Magnetometer (MAG), MESSENGER provided in-situ magnetic field measurements at a 
20 Hz sampling rate (Anderson et al., 2007). On 16 April 2012, the spacecraft's apoapsis altitude was reduced 
to ∼4.1 RM, resulting in an orbital period of ∼8 hr and providing a clearer picture of Mercury's magnetosphere, 
particularly between the subsolar magnetopause region to ∼3 RM downtail. MESSENGER's mission ended on 30 
April 2015 (e.g., Slavin et al., 2019).

In this work, we analyze all MESSENGER MAG data by applying the following methodology: we compute 10 s 
magnetic field averages, as this resolution is sufficient for assessing large-scale trends within the magnetotail. We 
identify and select MESSENGER's orbits that sampled both the region upstream from Mercury's bow shock and 
the Hermean magnetotail. For this, we make use of the bow shock crossing list reported by Philpott et al. (2020). 
For each of these MESSENGER orbits, we estimate the IMF associated with magnetic field observations in 
the magnetotail as the average between the inbound and outbound IMF estimates for the same orbit. These are 
computed based on a 10 min magnetic field average upstream from Mercury's bow shock.

Magnetic field data is analyzed in aberrated Mercury Solar Magnetospheric (MSM) coordinates. This coordinate 
system is centered on Mercury's (offset) magnetic field dipole and takes into account the planet's orbital velocity 
around the Sun (Anderson et al., 2011). The XMSM axis points sunward along the Sun-Mercury direction, the YMSM 
axis is anti-parallel to Mercury's orbital velocity and the ZMSM completes the right-handed system. The aberra-
tion  angle varies between ∼5.6° and ∼8.4°, due to Mercury's highly eccentric orbit.

Lastly, the selection criteria also considers the magnetotail region sampled by MESSENGER. Hereafter, we 
present our results analyzing all MAG measurements inside the nominal magnetopause of Mercury, and down-
stream of the XMSM = −1.22 RM plane, where the inner edge of the magnetotail current sheet is located (Philpott 
et al., 2020; Poh et al., 2017; Zhong, Wan, Slavin, et al., 2015). However, we note the presented results do not 
change significantly if consider a smaller threshold, that is, further away from the planet.

Figures  1a–1c displays MESSENGER position inside the magnetotail of Mercury, downstream from the 
XMSM = −1.22 RM plane. This data set has a median XMSM = −1.91 RM and a standard deviation equal to 0.57 
RM. The spacecraft mostly explored the southern magnetotail lobe throughout the mission, but also sampled the 
magnetotail current sheet and the near northern lobe (Poh et al., 2017; Rong et al., 2018). Figures 1d–1f show 
the observed distributions of the IMF properties for the corresponding MESSENGER orbits. The IMF strength 
ranged between ∼14.0 and ∼24.3 nT (lower and upper quartiles) with a median equal to ∼18.5 nT. The IMF clock 
and cone angle distributions show the IMF is mainly contained in the ecliptic plane with IMF clock angle maxi-
mum occurrences near ∼−75° and ∼95° (Figure 1e), and quasi-radial with an IMF Parker spiral angle peaking 
at about ∼−20° and ∼165° (Figure 1f). These distributions are consistent with nominal values along Mercury's 
orbit around the Sun.

3.  Results and Discussion
Figures 2a and 2b display the cross-tail projection in the YMSM-ZMSM plane of the mean Bx component in Mercury's 
magnetotail (color-coded), for IMF By < 0 and By > 0, respectively. As described in the Introduction, this IMF 
component is found to affect the magnetotail lobes location in the terrestrial and Martian magnetospheres (e.g., 
DiBraccio et al., 2018; Kaymaz et al., 1994). Initially, we note the current sheet is observed near the ZMSM = 0 
RM plane (white region between the red and blue lobes in Figure 2), regardless of the IMF By polarity. Given the 
horizontal appearance of the current sheet at ZMSM = 0 RM across the full width of Mercury's tail, the magnetotail 
twist is small, if present, at these downtail distances sampled by MESSENGER. This Figure also shows that 
Mercury's offset dipole results in a ∼0.2 RM shift of the current sheet northward from the planetary equator, which 
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is taken into account in the definition of the MSM coordinate system. To determine whether a twist may exist 
within Mercury's tail and provide an estimation of its inclination, we apply a similar methodology to Romanelli 
et al. (2018); Romanelli et al. (2019); DiBraccio et al. (2022), that consists in finding the tail lobe center.

In our case, we focus the analysis in estimating the geometric center of the southern tail lobe. The northern lobe 
is not considered in this computation since there is not adequate coverage based on MESSENGER's orbital geom-
etry. As shown in Romanelli et al. (2018, 2019); DiBraccio et al. (2022), the direction defined by the center of 
the magnetic map, [YMSM, ZMSM] = [0,0] RM, and the center of the tail lobe is roughly perpendicular to the average 
current sheet location. The computation of the geometric center is based on all bins inside the nominal magne-
topause boundary (Philpott et al., 2020; Zhong, Wan, Slavin, et al., 2015) with a negative mean Bx (southern 
hemisphere), based on at least five MESSENGER orbits (Figures 2c and 2d). Given that the solar wind conditions 
vary with time, each MESSENGER orbit is considered an independent sampling of Mercury's magnetotail. Our 
results suggest the southern magnetotail lobe may be twisted by ∼1.5° clockwise (counterclockwise) for negative 
(positive) IMF By, seen from Mercury toward the tail (view in Figures 2a–2d). These results do not change signif-
icantly if the tail twist is estimated based on the median Bx component magnetic field maps, for the resolution 
that can be achieved with the current data set (bin size of 0.1 RM × 0.1 RM). In addition, we also report that the tail 
twist estimates do not change significantly if we consider MESSENGER orbits where the inbound and outbound 
IMF estimates are less than 45 and 90° apart, where the IMF is more likely to be stable. These cases correspond to 
∼42% and ∼87% of the MESSENGER orbits (2,484) considered in the bin maps shown in Figure 2, respectively.

These magnetotail twist estimates have an uncertainty on the same order (∼1.5°), due to the considered magnetic 
maps spatial resolution. These results therefore suggest Mercury's tail may be twisted up to ∼3° clockwise (coun-
terclockwise) for negative (positive) IMF By (seen from the planet toward the magnetotail). Nevertheless, they do 
not rule out the possibility of a lack of twist in this region of the Hermean magnetotail.

Following this characterization of the Hermean magnetotail, Figure  3a indicates there is a linear correlation 
(R ∼ 0.33) between By around Mercury's tail current sheet (MAG data with |Bx| < 0.01B and |ZMSM| < 0.2 RM), 
and the associated IMF By component for the same MESSENGER orbit. These observations suggest the IMF is 

Figure 1.  (a–c) MErcury, Surface, Space ENvironment, GEochemistry and Ranging (MESSENGER) position in Mercury's 
magnetotail (XMSM ≤ −1.22 RM) for orbits considered into this study. Views are displayed (a) in the equatorial plane, (b) in 
the meridional plane, and (c) from Mercury toward the magnetotail. (d–f) Distributions of MESSENGER magnetic field 
observations are shown for (d) IMF strength, (e) IMF clock angle, and (f) IMF Parker spiral angle.
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able to affect Mercury's magnetotail structure to some extent. In addition, Figure 3b shows that the absolute values 
of the lower and upper quartiles of the By distribution (extremes of the black bars) are on the order of ∼2–3 nT 
for XMSM > −2 RM, taking values much lower than Bz around the current sheet (red vertical bars). The latter 
decreases as a function of −XMSM, as the distance from Mercury's dipole increases. If we consider the local By and 
Bz components are a proxy for the IMF By and Mercury's dipolar influence on the tail, respectively, Figure 3b 
suggests the dipole magnetic field is strong enough to reduce/prevent tail twisting in the near-magnetotail of 
Mercury.

To examine the hypothesis that Mercury's tail may become more twisted farther from the planet as the dipole 
magnetic field's influence decreases, we put our results into context with previous studies on the terrestrial 
magnetotail. The Earth's magnetotail is the most studied case and likely the closest environment to that of Mercu-
ry's. Indeed, the Dungey cycle dominates the dynamics of both magnetospheres created by the interaction of 
the solar wind with planetary magnetic dipole fields. Figure  4 presents a comparison between our tail twist 
estimation at Mercury and several statistical studies using magnetic field data from observations at Earth. First, 
we note that the terrestrial tail twist is ∼3° (or smaller) for a downtail distance of X = 20–22 RE (RE stands for 
Earth's radii). At these distances, the Earth's magnetic field dipole Bz component at the magnetotail current sheet 
(BzDIP) is ∼3 nT. Considering that the average By at the terrestrial current sheet ranges between ∼0.25 and 0.5 the 
upstream By IMF (∼4 nT) (see Table 1, Kaymaz et al., 1994), we observe the tail twist becomes noticeable when 
the local By (∼1–2 nT) is on the order of BzDIP. These results suggest the terrestrial twist is appreciable when the 
influence of the IMF By in the current sheet is on the order of the local planetary dipole field strength (BzDIP).

Figure 2.  (a, b) Cross-tail projections of the mean Bx component in the Hermean magnetotail as a function of the aberrated 
YMSM and ZMSM coordinates, based on MErcury, Surface, Space ENvironment, GEochemistry and Ranging (MESSENGER) 
Magnetometer observations downstream from the XMSM = −1.22 RM plane. The tail structure under periods of negative and 
positive Interplanetary Magnetic Field By is shown in panels a and b, respectively. The red and blue colors display the local 
+Bx and −Bx components, respectively. These correspond to sunward (out of the page) and antisunward (into the page) 
directions, respectively. The dashed black lines display the estimated current sheet twists, based on the computed geometric 
center of the southern magnetotail lobe. (c, d) Number of MESSENGER orbits per bin associated with the magnetic maps 
shown in panels (a) and (b), respectively. The black curves correspond to the average magnetopause location at XMSM = −2 
RM, and are shown for reference (Zhong, Wan, Slavin, et al., 2015).
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Figure 4 also shows an overall increase in terrestrial tail twist with downtail distance and By IMF intensity. In 
particular, magnetic field observations of tail current sheet twist up to a downtail distance of 60 RE were fitted 
with a function linearly dependent on the IMF By (see last term in Equation 3 in Tsyganenko et al., 2015). The 
best fits are shown as a function of downtail distance (for the zero dipole tilt angle case) for three representative 
values of the IMF By by means of the dashed yellow lines in Figure 4 (see considered coefficients in Table 1, 
Tsyganenko et al. (2015)).

If we apply the previous considerations to the Hermean magnetotail case, we find the dipolar field Bz compo-
nent at the current sheet (BzDIP) is on the order of 4 nT for X ∼ 3.6 RM. The 4 nT reference denotes the standard 
deviation of By in Mercury's current sheet for all data analyzed (see Figure 3a). The computed critical distance is 
∼1 Mercury radii further downstream than most of the MESSENGER data available for this study, providing an 
explanation for the relatively small observed (or lack of) tail twist. We also note that this value is within the Bepi-
Colombo Mercury Magnetospheric Orbiter (MMO) expected apoapsis (∼4.9 RM). Thus, these results suggest this 
mission will not only be able to further characterize Mercury's magnetotail morphology and its dependence on 
the IMF, but it may also reveal a more developed tail twist, if present.

Previous studies also indicate that the terrestrial tail twist exhibits an asymmetrical behavior with a larger rotation 
under positive IMF By than under negative cases (Kaymaz et al., 1994; Owen et al., 1995; Pitkänen et al., 2021). 
This preference for +IMF By was also observed at Mars (DiBraccio et al., 2022). Nevertheless, other works have 
not observed this trend (e.g., Xiao et al., 2016). Such asymmetry is also absent in Cowley (1981) and Tsyganenko 
et al. (2015) analytical models. Here, we report that our results do not display signatures of this asymmetry in the 
near-magnetotail of Mercury. However, this could be detected by Bepi-Colombo further downstream of Mercury 
for a potentially more developed twist.

It is also worth emphasizing that the physical processes responsible for tail twist likely depend on more variables 
than the planetary dipole field and the IMF By component. For instance, Owen et al. (1995) reported a larger 
terrestrial tail twist for positive IMF Bz, suggesting that higher reconnection rates may reduce the current sheet 
rotation. Thus, although the By IMF at Mercury is typically ∼2–3 times larger than that at Earth, the higher 
reconnection rates and wider magnetic shear angles under which magnetopause reconnection takes place poten-
tially contribute to a smaller tail twist (DiBraccio et al., 2013; James et al., 2017; Romanelli & DiBraccio, 2021). 
Another potentially important factor is the IMF cone angle. In particular, the presence of a significant IMF Bx 
component could affect the reconnection sites location on the dayside magnetopause and thus the magnetic 

Figure 3.  (a) By around Mercury's magnetotail current sheet as a function of the average Interplanetary Magnetic Field By 
component upstream from the bow shock for the same MErcury, Surface, Space ENvironment, GEochemistry and Ranging 
orbit. The yellow curve displays the best linear fit. (b) By and Bz around Mercury's magnetotail current sheet as a function 
of the downtail distance (in gray and pink, respectively). Black and red vertical bars span the 25th to the 75th percentiles of 
the gray and pink data sets, respectively, within each bin (0.2 RM width). The middle point in each bar corresponds to the 
associated median. For reference, the red solid curve shows the Bz component of Mercury's dipolar field around the current 
sheet (BzDIP).
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field loading in the magnetotail (see, e.g., Luhmann et al., 1984). Moreover, Mercury has no ionosphere but a 
rather large conductive core (see, e.g., Sun et al., 2021). This key difference does not only affect field aligned 
currents closure (Anderson et al., 2014, 2018; Slavin et al., 1997), but suggests fields induced at the core can 
increase Mercury's intrinsic dipolar field and therefore affect the degree to which the tail is twisted (Glassmeier 
et al., 2007). In this regard, we report a difference in the fraction of the IMF By value MESSENGER detects 
in Mercury's magnetotail. Indeed, Figure 3a suggests a ratio on the order 0.15 (slope associated with the linear 
fit), while studies at Earth detect values that are between 2 and 4 times larger (e.g., Kaymaz et al., 1994; Wing 
et al., 1995). This could be partly be due to the differences in the solar wind conditions upstream of Mercury and 
Earth and the intrinsic properties of these planets.

Finally, it is worth mentioning that the observed magnetotail twist at Mars is between ∼20° and ∼60°, for a ∼2 
Martian radii downtail distance. It displays variability with local time and Martian season and could be associated 
with magnetic reconnection between the IMF and crustal magnetic fields (DiBraccio et al., 2022). In addition, 
such a large tail twist may also result from the lack of a global dynamo-generated planetary dipole field. Indeed, 
asymmetries in the Martian current system (Dubinin et al., 2014a, 2014b; Ramstad et al., 2020), the shocked solar 
wind flow deflection (Dubinin et al., 2018; Romanelli et al., 2019; Romanelli, DiBraccio, Halekas, et al., 2020), 
and the IMF morphology around Mars (Brain et al., 2006; Crider et al., 2004; Romanelli et al., 2014, 2015) may 
also be contributing factors.

Figure 4.  Comparison of our results with observations at the terrestrial magnetotail. Vertical axis shows the Bz component 
associated with Mercury's and Earth's magnetic dipoles at the respective magnetotail current sheet (black solid and dashed 
curves, respectively) and the observed tail twist (in yellow) for positive (cross) and negative (circle) Interplanetary Magnetic 
Field (IMF) By (in light blue), as a function of the distance downstream from the planet (normalized with the planet's radii). 
Dash yellow lines correspond to the expected terrestrial tail twist for different IMF By intensities based on data fits reported 
by Tsyganenko et al. (2015). References and IMF By selection criteria associated with the corresponding papers are shown 
in gray and light blue, respectively. For instance, the yellow cross and circle shown at X = 33 RE, correspond to computed 
Earth's tail twist rotation for IMF By > 0 nT and By < 0 nT, respectively, according to Kaymaz et al. (1994).
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4.  Conclusions
In this work we analyze the effects that the IMF dawn-dusk component has on the Hermean magnetotail and 
current sheet, based on all MESSENGER Magnetometer observations. First, we determine an upper limit for 
Mercury's near-magnetotail (∼2 RM downtail distance) small twist of ∼3° with the current sheet rotating clock-
wise (counterclockwise) for negative (positive) IMF By, seen from Mercury toward the tail. These estimates do 
not exclude the possibility of a lack of twist in this region. Second, we identify a linear correlation between By 
around Mercury's magnetotail current sheet and the associated IMF By component for the same MESSENGER 
orbit. We also find that the Bz component near the current sheet is much larger than By for the region explored, 
suggesting the planetary dipole magnetic field is sufficiently strong to limit or prevent twisting in Mercury's 
near-magnetotail. Finally, we find this interpretation is consistent with statistical studies focused on the Earth 
magnetotail and argue that, if present, a more developed twist could be observed by Bepi-Colombo given the 
planned apoapsis.

Overall, this study contributes to improving the current understanding of planetary magnetotail twists, which 
has currently been explored around three of the telluric planets (see, e.g., Tsyganenko et al., 2015; DiBraccio 
et al., 2022). We note variations in the tail twist at two Dungey cycle-driven intrinsic magnetospheres and a rela-
tively large twist in Mars's hybrid magnetosphere. To better determine the physical processes at play in intrinsic 
and induced magnetospheres, future works would benefit from further analysis of the Hermean magnetosphere 
based on Bepi-Colombo observations and exploration of the induced magnetotail of Venus. Moreover, numerical 
simulations of Mercury's magnetosphere for different solar wind and IMF configurations (e.g., perihelion and 
aphelion conditions) can help improving the current understanding on this matter (see, e.g., Jia et al., 2015). In 
particular, they can provide valuable information to determine conditions favorable for magnetotail twisting, the 
location where this effect would be noticeable and how it may develop with downtail distance.

Data Availability Statement
MESSENGER MAG data used in this study are publicly available through the Planetary Data System (https://
pds-ppi.igpp.ucla.edu/search/view/?f=yes&id=pds://PPI/MESS-E%20V%20H%20SW-MAG-3-CDR- 
CALIBRATED-V1.0/DATA/MSO).
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