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Abstract Mars lacks an intrinsic global magnetic field but possesses crustal magnetic anomalies and an
atmosphere. Mars' ionosphere, resulted from interactions betweenMars' atmosphere and solar radiation, directly
interacts with solar wind and interplanetary magnetic field (IMF). However, the mechanisms governing ion
acceleration and escape from Mars' ionosphere remain incompletely understood. By analyzing simultaneous
observations from MAVEN and Tianwen‐1 missions, we present observational evidence of magnetic
reconnection events in Mars' dayside upper ionosphere above weak crustal field region during IMF rotation,
accompanied by acceleration of ionospheric ions. The explosive escape flux exceeds the average plume and
tailward escape flux by an order of magnitude and is comparable to that of reconnection processes above strong
crustal field regions. Our results provide evidence that IMF rotation‐triggered magnetic reconnection constitutes
a significant pathway for ion escape from Mars, offering new insights into planet's atmospheric evolution and
potential mechanisms for early water loss on Mars.

Plain Language Summary Mars, unlike Earth, doesn't have a strong global magnetic field. Instead,
it has patchy magnetic spots in its crust. Solar radiation creates a protective layer around Mars, but ions from
Mars' atmosphere still escape into space, contributing to the planet's water loss. Scientists have long wondered
exactly how these ions get sped up and eject. By analyzing data from NASA's MAVEN and China's Tianwen‐1
missions we spotted a rare event at Mars. We saw the sun's magnetic field suddenly twist, which triggered a
process called magnetic reconnection near Mars. This is where magnetic fields snap and reconnect, releasing
energy like a rubber band. During this event, protons and oxygen ions fromMars' atmosphere were dramatically
accelerated. This created powerful jets shooting ions away from Mars. The explosive ion escape flux was larger
than during steady solar wind conditions when reconnection occurs. This implies that magnetic reconnection,
especially when the sun's magnetic field changes, could be a significant driver of Mars' atmospheric loss. In the
planet's early history, when the sun was more active, such events might have played an oversized role in
stripping away water. Understanding this helps piece together how Mars became the dry world we see today.

1. Introduction
Mars lacks a global intrinsic magnetic field, but strong crustal magnetic anomalies were discovered by the Mars
Global Surveyor orbiter (Acuña et al., 1998). The Martian atmosphere is partially ionized by solar radiation,
forming an ionosphere that deflects the solar wind and interplanetary magnetic field (IMF), thereby generating
induced currents and creating an induced magnetosphere (Dubinin et al., 2013). Crustal magnetic fields can
similarly deflect the solar wind and IMF, forming mini‐magnetospheres (Fan et al., 2023) analogous to Earth's
magnetosphere. The Martian ionosphere contains a high density of low‐energy thermal ions, which can be
accelerated through magnetospheric dynamical processes when entering the magnetosphere or magnetosheath.
These processes include solar wind pickup (e.g., Dong et al., 2015; Ma et al., 2023), wave‐particle interactions
(e.g., Collinson et al., 2018; Fowler et al., 2021), and magnetic reconnection (e.g., Harada et al., 2015; Wang
et al., 2021; Ye et al., 2024), ultimately leading to ion escape into the magnetotail or interplanetary space.
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However, the mechanisms governing ion acceleration and escape from the ionosphere into the magnetosphere
remain incompletely understood and constitute a critical question.

Magnetic reconnection is a fundamental process in astrophysical and space plasmas, capable of altering magnetic
field topology and efficiently converting magnetic energy into thermal and kinetic energy (e.g., Biskamp, 1986;
Deng & Matsumoto, 2001; Eastwood et al., 2008, 2015; Huang et al., 2018, 2021; Jiang et al., 2022;
Vasyliunas, 1975; Xiong et al., 2023). This phenomenon has been observed at the dayside magnetopause in
Earth's magnetosphere (Burch & Phan, 2016; Phan et al., 2000), as well as at Mars' induced‐magnetopause (Wang
et al., 2021) and mini‐magnetopause (Lin, Huang, Yuan, Jiang, Wu, & Xiong, 2024). Reconnection events have
also been documented across Mars' crustal field regions (Chen et al., 2023; Harada et al., 2018; Lin, Huang, Yuan,
Jiang, Wu, & Xiong, 2024; Lin, Huang, Yuan, Jiang, Xu, et al., 2024; Ye et al., 2024) and within its induced
magnetosphere/magnetotail (Harada et al., 2015; Wang et al., 2021). Ions from Mars can be accelerated through
reconnection (Harada et al., 2015; Wang et al., 2021; Ye et al., 2024), while solar wind plasma can penetrate the
Mars' magnetosphere through reconnection regions (Lin, Huang, Yuan, Jiang, Wu, & Xiong, 2024; Zhang
et al., 2023). Cravens et al. (2020) evaluated the role of magnetic reconnection in Mars' dayside ionosphere under
collisional conditions, and found that the efficiency of magnetic reconnection is reduced by collisions at lower
altitudes (below about 300 km) in theMars' ionosphere. However, direct evidence of magnetic reconnection in the
dayside Mars' upper ionosphere above weak crustal field regions, a potential contributor to ionospheric escape,
remains unexplored.

Utilizing simultaneous magnetic field and plasma measurements from the Mars Atmosphere and Volatile Evo-
lution (MAVEN) and Tianwen‐1 missions, we report novel observations of magnetic reconnection in dayside
Mars' upper ionosphere during IMF rotation events. Our findings demonstrate the acceleration of protons and
oxygen ions from the Mars' upper ionosphere during reconnection. The estimated escape flux in this event ex-
ceeds the average values of plume and tailward escape by an order of magnitude and comparable to those during
reconnection events above strong crustal fields. These results suggest that magnetic reconnection may constitute a
significant pathway for ion escape from the Mars' upper ionosphere during periods of IMF variation.

2. Data and Instruments
The data used in this study were from the MAVEN mission and the Tianwen‐1 mission. The MAVEN mea-
surements were particularly from Magnetometer (MAG; Connerney et al., 2015), Solar Wind Electron Analyzer
(SWEA; Mitchell et al., 2016) and Supra‐Thermal And Thermal Ion Composition (STATIC; McFadden
et al., 2015). The Tianwen‐1 measurements were from the Mars Orbiter Magnetometer (MOMAG; Liu
et al., 2020; Wang et al., 2023). MOMAG andMAG provide 3D magnetic fields with a cadence of 32 vectors s− 1.
The reliability of MOMAG has been verified by Zou et al. (2023) and Wang et al. (2024). The absolute vector
accuracy of data from MAG is 0.05% (Connerney et al., 2015). SWEA provides an electron energy spectrogram
and pitch angle distribution at a temporal resolution of 2 s. STATIC provides an omni‐directional energy
spectrogram of ions with a temporal resolution of 4 s and three‐dimensional distributions to estimate the bulk flow
velocity, available as fast as every 16 s. Note that the ion density and velocity vectors are derived from STATIC
measurements.

We employed the methodology developed by Xu et al. (2019) to identify magnetic topology by combining two
methods: the identification of electron loss cones and the identification of source regions of superthermal elec-
trons. Ambiguities exist for the loss‐cone method on the dayside and for the electron‐source method on the
nightside. Their combination provides the most accurate and comprehensive topology determination (Xu
et al., 2019). Low electron fluxes (loss cones) detected at pitch angles of 0° and/or 180° indicate atmospheric
energy absorption and that the magnetic field line intersects the collisional atmosphere on one or both ends (e.g.,
Brain et al., 2007; Weber et al., 2017). From this, a one‐sided loss cone indicates an open field line, whereas a
double‐sided loss cone indicates a closed field line. The presence of ionospheric photoelectrons traveling parallel
and/or antiparallel to the magnetic field implies one or two foot point(s) embedded in the dayside ionosphere.
Combining these two methods enables classification as: closed fields (indicating two foot points), open fields
(indicating one foot point), or draped fields (indicating zero foot points). Cases not fitting these classifications are
considered unknown.
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3. Observations
Figure 1 shows an overview of the current sheet crossing event of MAVEN on the dayside of Mars from
02:12− 02:32 UT on 7 November 2024. Plasma and magnetic field measurements are shown in Mars‐solar‐orbital
(MSO) coordinates. In MSO coordinates, the X‐axis points from Mars toward the sun, the Y‐axis points opposite
to the direction of the orbital velocity component of Mars perpendicular to the X‐axis, and the Z‐axis completes
the orthogonal coordinate set. As shown in Figure 1b, the orbiter of MAVEN fled outbound on the dayside. The
magnetic field component By reverses from positive to negative during 02:18:50− 02:19:30 UT accompanied by a
local minimum in the total magnetic field (∼02:19:08 UT, Figure 1c) and a local maximum in the ion density
(∼02:19:10 UT, Figure 1h), which indicates the crossing of a current sheet (marked by two dashed lines).

Note that there exists an ion composition boundary (ICB) between Mars' ionosphere/induced magnetosphere and
magnetosheath: below the ICB, the ion components are mainly composed of ions from Mars (e.g., O+ and O2

+

ions), and the ion density decreases with altitude; when moving upward across the boundary, the dominant ion
components shift from Mars' ions to solar wind protons, at which point a sharp drop in ion density occurs (e.g.,
Dubinin et al., 2006). During this outbound process of MAVEN, the observed ion density first gradually
decreased and then exhibited a sharp drop (probably ICB). The local ion density maximumwas detected just prior
to the sharp drop in ion density, and the simultaneous occurrence of the magnetic field minimum and ion density
maximum indicates the crossing of a current sheet below the ICB.

Using the methodology developed by Xu et al. (2019), the magnetic topology around the current sheet was
identified (Figure 1i). Figures 1j and 1k display energy flux of electrons in regions below the current sheet
(02:16:53− 02:17:05 UT) and above the current sheet (02:21:53− 02:22:05 UT). In regions below the current
sheet, features of ionospheric photoelectrons, that is, photoelectrion knee (e.g., Shane et al., 2016), Auger peaks
(e.g., Mitchell et al., 2000), and flux dropoff near 500 eV (e.g., Liemohn et al., 2003), were detected within the
electron distributions along the direction of parallel and antiparallel of the magnetic field (Figure 1j). It suggested
that the magnetic topology in regions below the current sheet is closed field. And the electrons distribution above
the current sheet showed no features of ionospheric photoelectrons (Figure 1k), indicating that the magnetic
topology in regions above the current sheet is draped field. It suggested that the topology of magnetic field
changed from closed field to open/draped field when MAVEN crossing the current sheet (Figures 1i–1k).

Figure 2 shows the detailed observations by MAVEN orbiter around the current sheet during 02:17:50− 02:20:30
UT and comprehensive evidence for the occurrence of magnetic reconnection. The magnetic field and velocity
vectors of ions are transformed fromMSO coordinates to local LMN coordinates. The current sheet normal points
along N‐direction, L‐direction is along the anti‐parallel magnetic‐field direction and M = N × L is in the out‐of‐
plane (“X‐line”) direction (Hapgood, 1992). The LMN coordinates are obtained by minimum variance analysis
(MVA; e.g., Sonnerup & Scheible, 1998a, 1998b), in which L = [− 0.35, − 0.93, 0.10], M = [0.93, − 0.34, 0.12],
and N = [− 0.08, 0.14, 0.99] in MSO coordinates using magnetic field measurements in the time interval of
02:18:50− 02:19:30 UT. The ratios of the eigenvalues corresponding to the maximum λ1 and intermediate λ2 and
between the intermediate λ2 and minimum λ3 are λ1/λ2= 15.53 and λ2/λ3= 27.02, respectively, indicating that the
MVA results are reliable (e.g., Sonnerup & Scheible, 1998a, 1998b). The magnetic field component BL reverses
from negative to positive (Figure 2b). And the component BM shows a bipolar signature from positive to negative
relative to the guide field Bg (Bg ≈ − 3.27 nT, estimated by averaging the magnetic field component BM from
02:17:50 to 02:18:42 UT and from 02:19:36 to 02:20:30 UT in Figure 2c) in intense plasma flow (enhanced
proton and oxygen ion velocity component VL in Figures 2e–2g). The upstreamAlfven speed estimated in the time
interval between 02:17:50 and 02:18:50 UT is 5.86 km/s. The mean plasma flow speed in the outflow jets is about
3.49 km/s in the reconnection region, which is lower than the upstream Alfven speed. At approximately 02:19:00
UT, the electron distributions were predominantly concentrated along the direction parallel to the magnetic field
(Figure 2l). At 02:19:30 UT, however, the primary direction of the electrons have shifted to the antiparallel
direction relative to the magnetic field. During MAVEN's traversal of the current sheet center between 02:19:10
UT and 02:19:22 UT, the observed electron motion was not strictly perpendicular to the magnetic field but
exhibited a deflection toward the antiparallel direction. This characteristic is consistent with electron behavior
observed by the Magnetospheric Multiscale (MMS) Mission in reconnection events occurring under strong
guide fields (Genestreti et al., 2017; Huang et al., 2021). In the presence of a guide field, electrons near the X‐line
can be both driven along the BM direction and accelerated along the M‐axis by the reconnection electric
field (Genestreti et al., 2017). These features are consistent with the Hall magnetic field and plama outflow in
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Figure 1.
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the ion diffusion region of the Hall reconnection model (e.g., Deng & Matsumoto, 2001; Eastwood et al., 2008;
B. U. O. Sonnerup, 1979). Therefore, magnetic reconnection did occur in this current sheet. Note that the
fluctuation of velocity of protons in the reconnection region indicated the chaotic motion that probably resulted
from the overlap of nonlinear resonances between bounce motion and gyro motion (e.g., Buchner & Zele-
nyi, 1986, 1989; Liu et al., 2015; Xiong et al., 2024; Zenitani et al., 2013).

The time series of angular spectra of H+, O+, and O2
+ ions were obtained by STATIC‐d1 data product (shown in

Figure 3). When the reconnection occurred, the ion flow direction changed toward the L direction, especially in
the elevation/theta angle. The ion spectrograms (Figures 2i–2k) and ion angular distribution (Figure 3) suggest
that ions were energized in the reconnection region compared to those in the closed field. The enhancement in ion
velocity occurred along the L‐axis, corresponding to the direction of anti‐parallel to Y‐axis in the MSO co-
ordinates, with the reconnection region located in the western hemisphere (Y < 0; Figure 1a). This indicates that
ions were accelerated along the direction of escape from Mars. Besides, the reconnection event was located near
the ICB, and ions were accelerated in the direction away from the ICB, indicating that the ions were probably to
escape the ionosphere. Under the assumption that all these ions eventually escaped fromMars, the escape flux can
be estimated with the ion density and bulk velocity. The estimated escape flux of O+ ions is approximately
5.44 × 1011 m− 2 s− 1, with an oxygen ion density of 4.01 × 102 cm− 3 and a bulk velocity of 1.36 km/s. The
estimated escape flux of O2

+ ions is approximately 4.35 × 1011 m− 2 s− 1. Note that the L direction was out of the
field of view (FOV) of STATIC (Figure 3) and the most energetic part of ion distribution might not be captured.
This indicates that the ion density and velocity obtained by integrating across various angular and energy channels
should be underestimated, and consequently, the contribution to ion escape flux estimated here should also be
underestimated.

Magnetic field measurements from MAVEN and Tianwen‐1 combined with crustal field models are utilized to
determine whether the region traversed by MAVEN is dominant by remanent crustal fields or not. Figure S1
displays magnitude of magnetic field measurements by MAVEN and those of crustal field from G110 model
developed by Gao et al. (2021) and from L134 model by Langlais et al. (2019), respectively. After 02:14 UT, the
magnetic field intensity observed by MAVEN is significantly larger than those predicted by the G110 model and
the L134 model, implying that in the regions traversed by MAVEN, there is no crustal magnetic field or the
contribution of the crustal magnetic field is negligible. Figure S1b displays magnitude of magnetic field mea-
surements by Tianwen‐1 and those of crustal field from G110 model and the L134 model. The magnetic field
intensity observed by Tianwen‐1 is significantly larger than those predicted by the G110 model and the L134
model (Figure S1b). This indicates that the magnetic field variations observed by Tianwen‐1 are predominantly
dominated by changes in the IMF, with negligible contributions from crustal magnetic fields.

Clock angle of the magnetic field is defined as the angle measured from the +Z axis towards the +Y axis within
the Y‐Z plane in MSO coordinates, ranging from 0° to 360°, which can represent direction of the magnetic field
vector within the Y‐Z plane. Figure 4a shows the clock angle of the magnetic field observed by both Tianwen‐1
and MAVEN. At quasi‐steady state, the clock angle of magnetic field in the induced magnetosphere/upper
ionosphere above weak crustal field region should be similar to that of the IMF since draping magnetic field
originates from the IMF; when the IMF rotates, the magnetic field in the induced magnetosphere/upper iono-
sphere above weak crustal field region should rotate accordingly within minutes (Modolo et al., 2012; Romanelli
et al., 2019), eventually aligning toward a similar direction of the IMF within the Y‐Z plane.

A cross‐correlation analysis was performed on the magnetic field clock angles observed by Tianwen‐1 and
MAVEN. This revealed a maximum correlation coefficient 0.77 between these two signals at a time lag of∼105 s
(Figure 4b). The dashed curve in Figure 4c represents the time‐shifted clock angle of magnetic field observed by

Figure 1. Overview of the current sheet crossing event on 7 November 2024 during 02:12:00− 02:32:00 UT. Orbits of MAVEN and Tianwen‐1 (a) in Y‐Z plane and
(b) in X‐ρ plane, where ρ =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
y2 + z2

√
; (c) magnetic field in MSO coordinates; (d) electron spectrogram; (e) pitch angle distribution of electrons (49–199 eV); (f, g) H+

and O+ ion spectrogram; (h) ion density; (i) the estimated magnetic field topology; and the energy flux of electrons in the time interval of (j) 02:16:53− 02:17:05 UT and
(k) 02:21:53− 02:22:05 UT, respectively. Black curves in (b) represent the bow shock and induced magnetopause models (Vignes et al., 2000), respectively. The dots
represents start of the orbits at 02:12:00 UT. White curves in panel (e, f) represent the electric potential of MAVEN. The dashed lines represent the time interval of the
current sheet crossing during 02:17:50− 02:20:30 UT. The crosses on blue curves in panel (a, b) represent position of MAVEN at 02:19:00 UT. The crosses on red curves in
panel (a, b) represent position of Tianwen‐1 at 02:17:15 UT which is 105 s before 02:19:00 UT. The red and blue curves in panel (j, k) represent electron pitch angle within
0–30° and within 150–180°.
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Figure 2. Zoom‐in of the current sheet crossing event on 7 November 2024 during 02:17:50− 02:20:30 UT. The magnitude
and three components of magnetic field (a) in the MSO coordinates; three components of magnetic field in the LMN
coordinates, that is, (b) BL, (c) BM, (d) BN; (e–g) velocity component along the L‐axis (VL) of H

+, O+, and O2
+ ions in the

LMN coordinates, (h) ion and electron density, (i–k) spectrograms of H+, O+, and O2
+ respectively, and (l) pitch angle

distribution of electrons (49–199 eV). Vertical dashed lines represent the reconnection region in the time interval of
02:18:50− 02:19:30 UT. White curves in panel (i–k) represent the electric potential of MAVEN. It suggests that energization
of ions does not result from the variation of electric potential of MAVEN.
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Tianwen‐1. The clock angle of magnetic field observed by MAVEN aligns well with the time‐shifted clock angle
of magnetic field observed by Tianwen‐1. This demonstrates that the dominant directional changes in the
magnetic field observed by MAVEN were driven by variations in the IMF direction. It also indicates that the
Mars' ionosphere responds rapidly within a few minutes to variation of the IMF.

In this event, the change of clock angle of IMF ranges from ∼90 to 120°. It is known that magnetic reconnection
can occur between parallel and anti‐parallel magnetic field lines, where the shear angle is 180°. However, there
was evidence of low‐shear reconnection at Mercury's magnetopause at shear angles <70° (Zomerdijk‐Russell
et al., 2023). Besides, large shear angle (90–180°) and low‐β current sheets, which presumably without recon-
nection suppression, are commonly formed at Mars (Harada et al., 2020). Thus, It is not necessary for∼180° shear
angle of magnetic field lines to trigger reconnection and the shear angle in this event will not restrict the
occurrence of magnetic reconnection.

MAVEN observed a magnetic reconnection event within the Mars' upper ionosphere above weak crustal field
region around 02:19 UT. And the moment of this reconnection event exhibited a precise correspondence with that

Figure 3. Time series of the ion angular distribution measured by MAVEN on 7 November 2024 during 02:17:50− 02:20:30
UT. Angular spectra of H+ (a) in the STATIC azimuthal/phi angle, and (b) in the STATIC elevation/theta angle; angular
spectra of O+ (c) in the STATIC azimuthal/phi angle, and (d) in the STATIC elevation/theta angle; angular spectra of O2

+

(e) in the STATIC azimuthal/phi angle, and (f) in the STATIC elevation/theta angle. The solid white/black lines indicate the
L directions in the instrument coordinate. The horizontal dashed lines mark the reconnection region.
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of the IMF directional change observed by Tianwen‐1. This indicates that the reconnection event resulted from the
IMF rotation. Figure 5 illustartes the idea of the reconnection process when IMF rotates.

4. Discussions
It should be noted that the electron energy spectra and pitch‐angle distributions during the first observed draped
field period (02:20–02:23 UT) are highly similar to those during the second draped field period (02:28− 02:32
UT). During the second draped field period, the ion density of O+ and O2

+ ions decreased and was lower than that
of H+ ions after 02:34 UT (not shown here), indicating that it was the ICB. Since the second draped field region is
confirmed to correspond to the ICB, this similarity suggests the first one is also likely a boundary between
plasmas in magnetosheath and plasmas from Mars. Analysis of MAVEN's magnetic field and plasma data has
confirmed magnetic reconnection occurred before the first observed draped field period, with effective ion ac-
celeration. Additionally, Tianwen‐1's magnetic field data revealed a rotation in the IMF direction, and the ICB
was observed after reconnection. We thus propose the following mechanism for the first magnetic topology
change (02:20–02:23 UT): local plasmas were accelerated by magnetic reconnection and moved to higher alti-
tudes, creating a transient plasma cavity (similar to the scenario of Ye et al., 2024). Subsequently, lower‐altitude
plasma moved upward driven by pressure gradients to fill this cavity (closed field, 02:23–02:25 UT).

Comparing to established escape paradigms, the escaping flux in this reconnection event (5.44 × 1011 m− 2 s− 1)
exceeds that of averaged plume and tailward escape (up to 1.5 × 1010 m− 2 s− 1 from Dong et al., 2015) by an order
and is comparable to strong crustal‐field mass ejections (∼4 × 1011 m− 2 s− 1 from Ye et al., 2024;
∼6 × 1011 m− 2 s− 1 from Lin, Huang, Yuan, Jiang, Wu, & Xiong, 2024). It should be noted that the potential ion
escape flux in this event may be underestimated due to the limited FOV of STATIC and the estimated value
should be regarded as a lower limit. These escape frameworks demonstrate while steady plume and tailward loss
dominates background escape processes and crustal reconnection induces localized explosive depletion, IMF‐
rotation‐driven reconnection emerges as a comprehensive transient enhancement mechanism. The historical
significance of this phenomenon likely surpasses its current impact, as enhanced solar wind pressure and IMF
instability during the young Sun phase (Russell, 2001; Tarduno et al., 2010) may have amplified such events by an
order of magnitude throughout Mars' hydrologically active period, potentially establishing weak‐field recon-
nection as the predominant pathway for early water loss. To achieve accurate quantification of cumulative at-
mospheric depletion across geological timescales, future models must incorporate this IMF‐dependent kinetic
process. It is also necessary to clarify that magnetic reconnection does not occur continuously but is a transient
and explosive process, whereas polar plume and tailward escape presumably occur continuously. Therefore, the
estimation of the occurrence rate of magnetic reconnection is an essential step to quantify the contribution of this
explosive escape enhancement mechanism to ion escape.

Figure 4. The clock angle of magnetic field measured by Tianwen‐1 and MAVEN and the cross‐correlation analysis on these two signal. (a) Clock angle of magnetic
field measured by MAVEN and Tianwen‐1; (b) correlation coefficient with time lags; (c) clock angle of magnetic field measured by MAVEN and clock angle forward‐
shifted by 105 s of magntic field measured by Tianwen‐1. A time delay of less than zero indicates that either the MAVENmeasurements are shifted backward in time or
the Tianwen‐1 measurements are shifted forward in time. Note that a time delay of more than zero is not shown for that it is not physical. It should be noted that positive
time delays are not displayed, as a time delay >0 would imply MAVENmeasurements precede those of Tianwen‐1, which is unphysical. The Blue curves in panel (a, c)
represent the clock angle of magnetic field measured by Tianwen‐1.
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To summarize, we present evidence of a magnetic reconnection event occurring in the Mars' upper ionosphere
above weak crustal field region when the IMF rotates. The reconnection process exhibited clear acceleration of
ions from Mars' ionosphere away from the planet. Notably, the observed ion escape flux during this event
substantially exceeded the characteristic fluxes associated with both solar wind pickup processes and magnetic
reconnection within mini‐magnetospheres. These findings suggest that magnetic reconnection events in the Mars'
upper ionosphere above weak crustal field region, particularly during IMF variations, may serve as a crucial
mechanism for converting thermal ion populations in the ionosphere into escaping ion beams, which could be an
important channel for ions to be accelerated before escaping from the Mars' ionosphere.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Data Availability Statement
The Tianwen‐1 data may be downloaded from the official website of theMOMAG team (http://space.ustc.edu.cn/
dreams/tw1_momag/) or applied at CNSA Data Release System (https://moon.bao.ac.cn/web/zhmanager/
mars1). The MAVEN data used in this study are publicly available at the website: https://lasp.colorado.edu/
maven/sdc/public/data/sci/.

Figure 5. The cartoon of magnetic reconnection in the ionosphere. The orange circle represents the ionosphere. The curves with arrows represent magnetic field lines.
The warm curves represent the magnetic field in the ionosphere and the cold ones represent the rotated interplanetary magnetic field (IMF). The dashed warm and clod
curves represent the original magnetic field line in the ionosphere and the original IMF before rotating, which reconnects to the other. The dashed white curves with
arrowhead represent the orbit of MAVEN and Tianwen‐1. The cross represents the reconnection X line. The green arrows represent the plasma flow.
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