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Abstract High-precision measurements of the magnetic field are critical to explore the near-Mars
environment. The Mars Orbiter MAGnetometer (MOMAG) is one of seven payloads on board the Tianwen-1
orbiter. Its zero offset needs regular calibration, and the Wang-Pan method I is applied to the MOMAG when
the Tianwen-1 orbiter is in the solar wind. The orbiter will remain out of the solar wind over tens of days

each year, a method is necessary to ensure the accuracy of the zero offset during this period. Recently, a new
method was proposed by Wang (2022b), https://doi.org/10.3847/1538-4357/ac822c, which is referred to as the
Wang method II for ease of description. Here, we test the performance of this method using the MOMAG data
measured in the Martian magnetosheath. We find that the zero offset O, determined by the Wang method II
varies around the zero offset O, calculated by the Wang-Pan method I using the potential Alfvénic fluctuations
in the solar wind. After smoothing with a temporal window of 27 days, O, is able to achieve an accuracy close
to O, . If the data segment has no gaps and its duration is < 27 days, the smoothed O,, might have an error

>2 nT, but the error tends to be smaller if the segment's duration is longer. Our tests suggest that the Wang
method II is suitable for the in-flight calibration of the MOMAG when the Tianwen-1 orbiter remains out of the
solar wind.

1. Introduction

Tianwen-1, launched on 23 July 2020, is China's first exploration mission to Mars (Li etal., 2021; Zou et al., 2021).
Its scientific objectives are to investigate the Martian ionosphere and magnetosphere and their relation with the
solar wind, the Martian atmosphere, the Martian surface and sub-surface, the topography and geological struc-
ture, subsurface ice, and so on (Li et al., 2021; Zou et al., 2021). To achieve these scientific objectives, there
are seven payloads on the orbiter and six payloads on the rover (Li et al., 2021). The orbit inclination of the
Tianwen-1 orbiter is 90° + 5°, and its orbital period is ~7.8 hr (Li et al., 2021). The altitudes of its periareon and
apoareon are ~265 and 11,900 km, respectively (Li et al., 2021).

Although Mars has no global magnetic field, a magnetosphere is formed surrounding Mars when it interacts
with the solar wind (Bertucci et al., 2011; Dubinin et al., 2019). The Mars' crustal magnetic field can affect its
induced magnetosphere boundary (Connerney et al., 2005; Edberg et al., 2009). A plenty of physical phenomena
such as instabilities, magnetic reconnections, ion escape and photoionization happen in the Martian magne-
tosheath, magnetosphere and ionosphere as well as the solar wind (Chai et al., 2019; DiBraccio et al., 2015; Fang
et al., 2018; Liu et al., 2021; Wang et al., 2021; Xu et al., 2018). The magnetic field is crucial to investigate the
physical phenomena or dynamics in the near-Mars space (Connerney et al., 2015; Liu et al., 2021).

Measurements of the magnetic field are provided by the Mars Orbit MAGnetometer (MOMAG) aboard the
Tianwen-1 orbiter (Liu et al., 2020). MOMAG consists of two identical fluxgate magnetometer (FGM) sensors,
mounted on a 3.19-m boom with a separation of ~0.9 m (Liu et al., 2020; Wang et al., 2023; Yang et al., 2021;
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Table 1
Methods of the In-Flight Calibration of the Spaceborne Magnetometer
Physical phenomenon on which the method is based Equation-based method Probability-based method
Alfvén waves Davis & Smith, 1968 Belcher, 1973 Hedgecock, 1975 Wang & Pan, 2021a
Mirror modes Plaschke & Narita, 2016 Plaschke et al., 2017 Wang & Pan, 2021b Wang, 2022a

Current sheets

Wang & Pan, 2022

Any magnetic field variations in the solar wind Wang, 2022b Meng & Wang, 2023

Zhou et al., 2019). Both sensors sample the magnetic field at an intrinsic frequency of 128 Hz, but will be operated
at a frequency of 32 Hz (1 Hz) when the orbiter is near the periareon or apoareon (the rest of the orbit) to meet
telemetry allocations (Liu et al., 2020). The magnetic field measured by FGMs on board the spacecraft generally
consists of natural magnetic field, field induced by the spacecraft, and the instrumental offset (Pope et al., 2011;
Russell et al., 2016). The magnetic field induced by the spacecraft can be divided into dynamic and static fields
(Pope et al., 2011), where the dynamic field can be removed by the dual point method (Ness et al., 1971; Pope
etal., 2011). Since the static field and instrumental offset are difficult to distinguish, both are regarded as the zero
offset (Leinweber et al., 2008). The zero offset slowly varies, thus, it needs regular in-flight calibration.

Alfvén waves (Cheng et al., 2022; Davis & Smith, 1968; Meng et al., 2018; Pan et al., 2019; Wang & Pan, 2021a),
mirror mode structures (Hu, Wang, Pan, & Zhang, 2022; Plaschke et al., 2017; Plaschke & Narita, 2016; Wang
& Pan, 2021b), and current sheets (Wang & Pan, 2022) can be used to determine the zero offset of the space-
borne FGM. Table 1 lists the papers on the in-flight calibration methods of FGMs, which can be divided into two
groups: zero offsets determined by equations (Belcher, 1973; Davis & Smith, 1968; Hedgecock, 1975; Plaschke
et al., 2017; Plaschke & Narita, 2016) and probabilities (Meng & Wang, 2023; Wang, 2022a, 2022b; Wang &
Pan, 2021a, 2021b, 2022). Since the interplanetary magnetic field (IMF) is highly Alfvénic (see Leinweber
et al., 2008), the methods based on Alfvén waves are suitable for the spacecraft in the solar wind. The methods
proposed by Wang and Pan (2021a) have a good performance in the solar wind, thus this method is selected to
determine the zero offset of the MOMAG when the Tianwen-1 orbiter is in the solar wind (Zou et al., 2023).

When the Tianwen-1 orbiter remains out of the solar wind over tens of days, the zero offsets determined before
leaving and after entering the solar wind can be used to perform the in-flight calibration for this long period by
interpolation. Two important prerequisites for this operation are as follows: (a) the zero offset has no significant
change over this period, and (b) no gaps exist in the magnetic field data. Actually, some gaps with a duration of
at least several hours exist in the MOMAG data from 2022 March 1 to 2022 June 30, during which the orbiter
remained out of the solar wind. These gaps divided the data into several segments. Generally, the zero offset
is expected to have little change in a short period, such as 1 or 2 days. During the processing of removing the
orbiter-generated field, one can find the dynamic field with a sudden change as shown in Figure 1 in Pope
et al. (2011). Such dynamic fields always occur as pairs with equal and opposite vector components, and only
correcting pairs has little effect on the zero offset (Pope et al., 2011). If some dynamic fields do not occur as pairs
for a certain segment of the continuous data, an unknown constant is inevitably added into the zero offset. There-
fore, the zero offset can be regarded as consisting of instrumental offset, static field and an unknown constant
caused by the processing of removing the dynamic field, which means that each segment of the continuous data
needs to be calculated separately. Compared to the calibration in the solar wind, a different method needs to
perform the calibration for these data segments.

There are many mirror mode structures and current sheets in the planetary magnetosheath (Tsurutani et al., 2011;
Volwerk et al., 2008, 2016; Wu et al., 2021), thus the methods based on these structures might be suitable for the
spacecraft in the planetary magnetosheath. The method proposed by Wang (2022a) can achieve a high accuracy
of the zero offset using hole-like mirror mode structures in the terrestrial magnetosheath. Before calculation the
zero offset, the data during each hole-like mirror mode structure are used to perform the minimum variance anal-
ysis (MVA; Sonnerup & Scheible, 1998). To perform MVA, a structure is considered to be good if it has enough
data points, such as 10. Unfortunately, no enough good hole-like mirror modes or current sheets can be found
in the Martian magnetosheath to perform the in-flight calibration for the MOMAG. Wang (2022b) proposed a
method of determining the zero offset using any magnetic field data in the solar wind. For a convenient descrip-
tion, we refer to this method as Wang method 11, and refer to the method proposed by Wang and Pan (2021a) as
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Figure 1. A diagram of the zero offset calculation of the Wang method II. B, denotes the uncalibrated magnetic field data. O'
denotes a certain point in the offset cube. & denotes the standard deviation of the fitted normal distribution of (B, ).

Wang-Pan method I. Wang (2022c) tested the Wang method II in the Martian magnetosheath using the calibrated
magnetic field data in the Mars-centered Solar Orbital (MSO) coordinate system from the Mars Atmosphere and
Volatile EvolutioN (MAVEN) spacecraft (Jakosky et al., 2015), and found that its calculation error varies with a
period of ~27 days and has a 57.3% probability of being less than 2.0 nT. The MSO coordinate system is defined
as its x-axis points the Sun, y-axis points opposite to the Martian orbital angular velocity, and z-axis completes
the right-handed coordinated system. The magnetic field data used by Wang (2022c¢) are in the MSO coordinate
system and have been calibrated, however, whether the Wang method 11 is suitable for the MOMAG using the
uncalibrated data in the orbiter coordinate system is unknown.

In this study, we test the performance of the Wang method II in the Martian magnetosheath using the uncalibrated
MOMAG data in the orbiter coordinate system. We will show that this Method can obtain results similar to the
Wang-Pan method I and therefore can be used to determine the zero offset when the Tianwen-1 orbiter remains
out of the solar wind over tens of days.
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2. Wang Method I1

The LMN coordinate system is a local coordinate system, which L, M and N axes denote the maximum, inter-
mediate and minimum variance directions of the magnetic field (Sonnerup & Scheible, 1998). The IMF data B
can be divided into subintervals with a duration of tens of seconds. For a certain subinterval, the average of the
L component of the magnetic field (B, ) can be calculated by MVA using the data during this whole subinterval.
Wang (2022b) found that the distribution of (B, ) approximately obeys a normal distribution if the number of
the used subintervals is large enough. Using the data of B plus a constant vector in the spacecraft coordinate
system, the distribution of (B, ) also approximately obeys a normal distribution, but its standard deviation & would
change. Interestingly, & has a minimum value when the constant vector is &~ 0, which might be supported by the
fact that the median is ~0 for each component of the IMF over a long enough period (Wang, 2022b). Such a prop-
erty can be used as an indicator to find out the zero offset of the spaceborne FGM (Wang, 2022b).

Figure 1 shows the diagram of the zero offset calculation of the Wang method II, which has three steps as follows
(see Wang, 2022b).

a. Step 1 is to build an offset cube according to the possible range of the IMF strength. Any point in this offset
cube has a possibility to be the zero offset.
b. Step 2 is to obtain d for a certain point Q' in the offset cube as follows.

1. The uncalibrated data B, (= B + O) is changed to B, = B, — O' at the point O' in the offset cube. Then B,
is divided into subintervals with a duration of T, where T can be set to be a value in the range of 10-300 s
according to the resolution of B, as well as the period of the IMF fluctuation. The temporal resolution of
B, determines the number of data points within the subinterval with a certain duration. In order to perform
MVA, we can require that the number of data points in each subinterval is at least 10. There is no limit on
the period of the IMF fluctuation. Nevertheless, we can require that at least one component of the magnetic
field has a variation of >0.5 nT during the whole subinterval.

2. Next, we calculate (B, ) for each subinterval by MVA using B,, and then obtain the fitted normal distribu-
tion of (B, ) of N adjacent subintervals, where N is the number of these subintervals. Thus, the standard
deviation § of the fitted normal distribution can be obtained for the point O'.

3. Step 3 is to determine the zero offset. We can obtain the values of 8 for all the points in the offset cube. The
point with the minimum § is regarded as the optimum zero offset.

In the Martian magnetosheath, Wang (2022c) found that the distribution of (B, ) also proximately obeys a normal
distribution, which might be associated with the finding that the median of the magnetic field distribution in the
Martian magnetosheath is close to 0 over a long period (see Wang, 2022c). Thus, the Wang method II might be
work in the Martian magnetosheath.

3. Application to Tianwen-1 Orbiter
3.1. Zero Offset Determined by the Wang Method I1

The MOMAG data with a resolution of 1 s from 13 November 2021 to 3 January 2022 are used. In our rest paper,
all the vector data are in the orbiter coordinate system unless otherwise stated. This coordinate system is defined
as the X-axis pointing to the flight direction, the Z-axis pointing to the Mars at the periareon, and the Y-axis
meeting the right-hand system (Li et al., 2021). MOMAG was installed in the Z-axis direction (Li et al., 2021).

The measurements of the MOMAG sensors are B, = B, + B, + O, and B, = B, + B_, + O,,, respectively,
where B, is the natural magnetic field, B, and B, are the dynamic fields measured by the sensor 1 and 2, O,
and O, are the zero offsets of the sensor 1 and 2, respectively. Before performing calculation of the zero offset,
the orthogonality and sensitivity calibrations of MOMAG have already been done, and the dynamic field has also
been removed by the dual point method (Ness et al., 1971; Pope et al., 2011). After removing the dynamic field,
B, -B,, (or B, - B, ,) is equal to B, (=B, + O), where the zero offset O is O, (or O,,).

s
The MOMAG data are not continuous from 13 November 2021 to 3 January 2022. Some gaps divide these data
into several segments. The data in each segment are continuous, which needs to be calculated separately. For
processing convenience, we add different constant vectors to B in different data segments so that the average
magnetic field is 0 during each segment. In this step, B, has been changed to B, ,, which is used to determine the

zero offset by the Wang method II.

m2’
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Figure 2. Three components of B, in the orbiter coordinate system between 14:00 and 20:00 UT on 13 November 2021.
The gray shadows denote the intervals of the magnetosheath selected to perform the in-flight calibration.

Figure 2 shows B,_, between 14:00 and 20:00 UT on 13 November 2021. Compared to the solar wind, the
magnetic field in the magnetosheath has strong fluctuations. The Martian magnetic pileup boundary and bow
shock are variable with the change of the solar wind (Edberg et al., 2008). To make sure that the selected data
are in the magnetosheath or solar wind, we visually select the interval of the Tianwen-1 orbiter in the Martian
magnetosheath as well as the solar wind according to the models of the Martian magnetic pileup boundary and
bow shock (Edberg et al., 2008), position of the orbiter in MSO coordinate system as well as the intensity of the
magnetic field fluctuation. The gray shadows in Figure 2 show two selected intervals in the magnetosheath.

For each data segment, we determine the zero offset using the steps shown in Figure 1 after visually obtaining the
intervals of the orbiter in the Martian magnetosheath. The details for each step are given as follows.

a. An offset cube is built according to the possible range of the magnetic field strength in the Martian magne-
tosheath. The offset cube is divided into bins with a side length of 0.1 nT.
b. Then, we calculate the values of & for all the points in the offset cube as follows.

1. For a given interval, the durations of the subintervals are empirically set to 10, 20 and 30 s, respectively.
For each value of T, the duration of the ith subinterval is set to 0.2:1-T + [T, T, + T], where T, is the start
time of this interval.

2. Using more adjacent subinterval events might have a smaller calculation error of the zero offset
(Wang, 2022b). Here, 10,000 or 20,000 adjacent subintervals of B, , are used to determine the zero offset.
The data of all these subintervals are required to be selected in a temporal window of 10 days.

3. Atthe point O', B, is changed to B, = B, , — O'". For each subinterval, (B, ) can be determined by MVA
using the data of B,. After obtaining the values of (B, ) for all the 10,000 or 20,000 adjacent subintervals,
we determine the standard deviation § of the fitted normal distribution of (B; ).

4. Similarly, the values of 6 can be obtained for all the grid points in the offset cube.

c. The point with a minimum J is selected to be the optimum zero offset of MOMAG. The average time of the
used subintervals is selected to be the time of the estimated zero offset.

d. To calculate the next zero offset, the subscripts for the selected 10,000 and 20,000 adjacent subintervals
increase by 2,000 and 4,000, respectively.

Figure 3 shows an example of the determination of the zero offset when using the first 10,000 and 20,000 adjacent
subinterval events in the data segment between 13:06 UT on 14 November 2021 and 05:31 UT on 22 November
2021. Figures 3a and 3c show the distribution of (B, ) determined by using the data of B, when O' = 0. The red
curves are the fitted normal distributions, which indicate that both distributions approximately obey normal
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Figure 3. Distributions of (B, ) of 10,000 (up) and 20,000 (bottom) adjacent subinterval events determined by using the
data of B, when O'is 0 (left) and the optimum zero offset (right), respectively. The red curves denote the fitted normal
distributions, and the mean p and standard deviation d are also given.

distributions. Following the above procedure, the zero offsets are determined to be [1.5, —0.6, —2.4] nT and [1.4,
—0.1, =2.9] nT when using these 10,000 and 20,000 adjacent subinterval events, respectively. Note that these zero
offsets are for the entire data segment from 13:06 UT on 14 November 2021 to 05:31 UT on 22 November 2021.
Figures 3b and 3d show the distribution of (B, ) determined by using the data of B, when O' is the above estimated
zero offset, and both distributions approximately obey normal distributions with a smaller standard deviation &
compared to those in Figures 3a and 3c. One can find that the distribution of (B, ) for the 10,000 adjacent subin-
terval events is very similar to that for the 20,000 adjacent subinterval events.

3.2. Comparison of the Zero Offsets Determined by Two Methods

To test whether the zero offset determined by the Wang method II is reliable or not, we compare it to the zero
offset determined by the Wang-Pan method I. The calculation procedure of the Wang-Pan method I follows the
procedure proposed by Hu, Wang, Pan, and Pan (2022). The fluctuation event is considered to be a potential

Alfvénic fluctuation event if at least one point in the offset cube has a value of §Br/4/6B% + B + 6B, < 0.3,

where 8By, 8By, 6B, and dB; are the standard deviations of By, By, B,, and By, respectively. The threshold 0.3
is an empirical value. If this value is set to be smaller, the selected potential Alfvénic fluctuation events tend to
be less. In total, we find 375 potential Alfvénic fluctuation events in the solar wind from 13 November 2021 to
3 January 2022.

Figures 4a and 4b shows a potential Alfvénic fluctuation event between 00:44:42 and 00:45:41 UT on 15 Novem-
ber 2021. The data in Figures 4a and 4b are B, , — O', where O' = 0 and O' = [-2.28, —0.28, 0.07] nT, respec-
tively. During the event, the standard deviations of IB_, — O'l are ~0.86 and 0.06 nT in Figures 4a and 4b,
respectively. Although IB_, — O'l in Figure 4b is almost constant, each component of B_, — O' has a large vari-
ation, which meets the expectation of an Alfvénic fluctuation.

We calculate the zero offset using 10 adjacent potential Alfvénic fluctuation events for each data segment.
Figure 4c shows an example of the zero offset determination. The dots in each color denote the optimal offset
line (OOL) of a certain event, and the straight line in that color denotes the fitted optimal offset line (FOOL) of
the corresponding event. The red triangle denotes the zero offset (=[-0.7, 0.3, —0.5] nT) determined by these 10
FOOLs.
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offset determined by the Wang-Pan method I using 10 potential Alfvénic fluctuation events. The time intervals of the 10 events are given. The dots with the same color
denote the OOL, and the straight line in that color denote the FOOL. The red triangle denotes the result of the zero offset.

The gaps divide the data from 13 November 2021 to 3 January 2022 into five segments as shown in the gray
shaded region in Figure 5. Figure 5 also shows the zero offsets O, (green) and O,, (orange) determined by
the Wang method II using 10,000 and 20,000 adjacent subinterval events only in the magnetosheath for each
data segment, respectively. For comparison, the zero offsets Oy, determined by the Wang-Pan method I using
the potential Alfvénic fluctuation events only in the solar wind are also shown. As a whole, Oy, has no signif-
icant change during each segment, but both O, and O, clearly vary around Oy,,. During the whole interval in
Figure 5, the standard deviations of the X, Y, and Z components of Oy, — O, (Oyp — O,,,) are 3.06, 2.44, and
2.89 (2.26, 1.29, and 1.99) nT, respectively. This suggests that more subinterval events can make the calculation
error of the Wang method II smaller. The averages of the X, Y, and Z components of Oy, — O, (Oyp — O,,,)
are —0.05, 0.55, and —0.87 (—0.23, 0.24, and 0.07) nT, respectively. The zero offset determined by this method
has a 27-day quasi-periodic variation (Wang, 2022c), but the Wang-Pan method I has no such a quasi-periodic
variation (Wang & Pan, 2021a). This might explain why the standard deviation of Oy, — O, (or Oy, — O,,,) is
somewhat large but its average is close to 0.

In order to reduce the effect of the 27-day cycle change of the zero offset determined by the Wang method 11, the
estimated zero offset should be smoothed with a 27-day boxcar filter (Wang, 2022c). Before performing smooth-
ing, the estimated zero offset can be interpolated into the time series of the magnetic field B,. Figure 6 shows
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adjacent subinterval events and the Wang-Pan method I using 10 adjacent potential Alfvénic fluctuation events (blue) during
the period from 13 November 2021 to 3 January 2022. Each gray region denotes a data segment without gaps.

the averages of Oy, Oy, and Oy, during each segment instead of smoothing with a 27-day boxcar filter, since
the maximum duration of the data segment we used is ~14 days. The differences of the X or Z component of the
average Oy, minus the average Oy, changes sign from one segment to the next. The second segment as shown in
the gray shaded region in Figure 6 has a duration of ~5 days, and the average Oy, deviates more from the average
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Figure 6. Three components of the average zero offsets determined by the Wang method II using 10,000 (green) and 20,000
(orange) adjacent events and the Wang-Pan method I using 10 adjacent potential Alfvénic fluctuation events (blue) during
each segment. Each gray region denotes a data segment without gaps.
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Figure 7. Histograms of the amount of the data used to determine each zero offset by the Wang method II when using 10,000
(a) and 20,000 (b) adjacent events.

Oy, than that in the fourth segment. This is in agreement with the 27-day cycle variation of the zero offset deter-
mined by Wang method II (Wang, 2022c). It suggests that the segment with a duration of <27 days might have a
larger calculation error of the zero offset if its duration is shorter.

When we select 10,000 or 20,000 adjacent subinterval events to determine the zero offset by the Wang method
II, the data at a certain time might belong to several different subintervals. To obtain the amount of the data (T})
we used to calculate each zero offset, the time of the data belonging to several subintervals is counted only once.
Figure 7a shows the distribution of T, when using 10,000 adjacent subinterval events. T is mainly in the range
of 3.2-3.6 hr. Figure 7b shows that T, is mainly in the range of 6.5-7 hr when using 20,000 adjacent subinterval
events. Therefore, several hours of the data in the Martian magnetosheath is able to make the Wang method II
perform the calculation of the zero offset.

4. Discussion and Summary

The Wang method II can use any IMF fluctuations to perform the in-flight calibration, and its accuracy of the
estimated zero offset is associated with the amount of the used IMF data (Wang, 2022b). For example, this
method has a 78.7% (95.5%) probability to achieve an accuracy of 0.3 nT when using 8-14 (10-21) hours of
the IMF data measured by the Magnetospheric Multiscale (MMS) mission (Burch et al., 2016). Wang (2022c¢)
tested the performance of the Wang method II in the Martian magnetosheath using the calibrated magnetic field
data measured by the MAVEN spacecraft. The test results showed that the accuracy of this method is affected by
the number of the used subintervals, position of the spacecraft and the eigenvalues of the MVA (Wang, 2022c).
The accuracy tends to be higher when the spacecraft moves away from the Mars-Sun line (Wang, 2022c).
The apoareon altitude of the MAVEN spacecraft is ~6,220 km (Jakosky et al., 2015), much smaller than that
of the Tianwen-1 orbiter. Thus, the Wang method II is expected to have a better performance in the Martian
magnetosheath for the Tianwen-1 orbiter than that for the MAVEN spacecraft according to the findings of
Wang (2022c¢).

In the solar wind, the Wang method II can achieve a high accuracy of the zero offset possibly because of each
component of the IMF having a median of ~0 over a long enough period (Wang, 2022b). Wang (2022c¢) tested the
Wang method II in the Martian magnetosheath using the MAVEN data, and found that the estimated zero offset
has a time-varying calculation error with an amplitude of 1-4 nT and a period of ~27 days. At a certain position
in the Martian magnetosheath, the distribution of each component of the magnetic field over several days can be
affected by the upstream IMF (see Wang, 2022c). The median of this distribution is found to be varied around 0
with a period of ~27 days (see Wang, 2022c). This might be one reason why the zero offset determined by the
Wang method II has calculation errors with a period of ~27 days, since the nonzero of the median of the magnetic
field distribution could introduce calculation errors to the Wang method II (Wang, 2022c). We speculate that the
27-day periodicity of the median of the magnetic field in the Martian magnetosheath might be associated with
the 27-day periodicity of the IMF (Castillo et al., 2021).

In order to obtain an accurate zero offset, Oy, (or Oy,) should be smoothed with a temporal window of 27 days.
Before smoothing, Oy, (or Oy,,) can be interpolated into a continuous time series, which start and end times are
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the same with the corresponding segment. In our test, the durations of the segments we used are ~5-14 days,
much shorter than 27 days. And the difference between the average Oy, and the average Oy, can be up to 3 nT
during some segments (see Figure 6). Figure 6 also shows that such a difference tends to be smaller if the data
segment's duration is longer. For example, the difference between the average Oy, and the average Oy, is < 1 nT
during the fourth data segment (see Figure 6). Therefore, one can expect that the Wang method II is able to
achieve a good calibration if the data segment's duration is longer than 27 days.

In summary, we test the performance of the Wang method II in the Martian magnetosheath using the uncalibrated
magnetic field data measured by the Tianwen-1 orbiter from 13 November 2021 to 3 January 2022. Compared to
the zero offsets O,,, determined by the Wang-Pan method I using the potential Alfvénic fluctuation events in the
solar wind, the zero offsets O,, determined by the Wang method II vary around O,,,. When the data segment has
a duration of <27 days, O,, tends to have a larger error if the duration is shorter. Although the Wang method II
might have a large calculation error of the zero offset in a single calculation, the error will decrease after smooth-
ing the zero offset with a temporal window of 27 days. Our results suggest that the Wang method II is suitable
for determine the zero offset of the MOMAG in the Marian magnetosheath if the duration of the data segment is
long enough, such as 14 days.

Data Availability Statement

The Tianwen-1/MOMAG data are publicly available at CNSA Data Release System (https://space.ustc.edu.cn/
dreams/tw1_momag/). The data used in this paper can be downloaded from the official website of the MOMAG
team (http://space.ustc.edu.cn/dreams/tw1_momag/).
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