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DC component of spacecraft-origin magnetic field noise
at the Arase/MGF sensor: (1) Evaluation with Tsyganenko 89 model
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ABSTRACT

We investigated the difference between the magnetic field observed by the Arase spacecraft and the
Tsyganenko 89 model field (AB) during geomagnetic quiet period to determine the DC component of
spacecraft-origin magnetic field noise at the position of Magnetic Field Experiment (MGF) onboard the Arase
spacecraft. The median value of the Z-component of AB in the Despun Sun sector Inertia (DSI) coordinates
is very small (-0.6 nT); therefore, MGF has a good magnetic field cleanness and is well-calibrated. We also
found that the Z-component of the magnetic field in the SM coordinate system observed by Arase is usually
larger than that of the model field by ~3 nT. The difference between time periods for the data used in this
study and for the data to create the Tsyganenko 89 model may cause the discrepancy.
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1. INTRODUCTION

The Arase spacecraft measures three dimensional velocity distributions of electrons and ions with a wide
energy range to study wave-particle interactions. The accurate measurement of the electromagnetic field is
important for this objective. The sensitivity and offset of Magnetic Field Experiment (MGF) onboard the
Arase have already been evaluated in the ground calibration (Teramoto et al., 2017"; Matsuoka et al., 2018?).
It was found that the magnetic field offset depends on temperature and its variation between -20 and 30 C is
less than 5 nT, which meets a requirement for MGF measurement of the magnetic field strength (Teramoto et
al., 2017"). Although the MGF instrument is equipped at the end of 5-m MAST to minimize contamination by
spacecraft-origin magnetic field noises, the contamination during the satellite operation is not yet evaluated. In
addition, in-flight temperature drift of the offset and inaccuracy of spacecraft attitude also cause some errors
in magnetic field measurement.

The MGF is a fluxgate magnetometer composed of three orthogonal sensor elements. The X and Y elements
are almost perpendicular to the spin axis of the spacecraft. The in-flight offsets and the stray field for X and Y
elements can be determined from a sinusoidal waveform of the magnetic field due to the spin of the spacecraft.
If the Earth’s main field do not vary significantly in one spacecraft rotation (~7.98 s), the magnetic field
measured by X/Y element will oscillate between Bj cosf) + By, and —By cosd + By, Where By is the
background magnetic field, 8 is an angle between B, and the direction of the X/Y element, and By, is the
artificial magnetic noises including the magnetic field offset and the spacecraft-origin magnetic field noise.
Thus the DC components of the magnetic field variation reflect these noises. This evaluation of the noises is
performed in the process of the scientific data creation, and the noises for X and Y elements are corrected.
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Regarding the Z element, however, we cannot evaluate the noises in the same method, because the Z
element almost directs to the spin axis. Since the temperature used for calibration of offset of the Z element is
fixed at specific temperature, there is also an estimation error of the offset for the Z element. In this study,
therefore, we statistically compare the magnetic field observed by the Z element with the Tsyganenko 89
(T89) model field (Tsyganenko, 1989”) during geomagnetic quiet period, and evaluate the spacecraft-origin
magnetic field noise and the estimation error of the offset on the Z element measurement.
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Figure 1 (a) Histogram of the difference of B s between the Arase/MGF observation and the T89 model
field. The vertical lines represent the most frequent value (red), the average value (green), and the median
value (blue). The horizontal error bars show the full width of the half maximum (red), the standard deviation
(green), and the first and third quartiles (blue). (b) R-MLT distribution of the averaged AB;ps; in the SM
coordinate system.

2. ANALYSIS

2.1. Data Selection

We used the spin-averaged magnetic field data (v01.01) obtained by MGF from 23rd March 2017 to 30th
April 2018. In this version, the data are calibrated for the sensitivity of MGF sensor using the temperature on
the orbit, and for the miss alignment due to the twisting MAST. The offset of the Z element is estimated at a
specific temperature from the results of the ground calibration, and the offset is subtracted from observed
values.

We analyzed the data during geomagnetic quiet period to avoid a large difference between the observed
magnetic field and the model field (AB) due to natural signals like dipolarization during substorms. The quiet
periods were defined as intervals when the Kp index was 0o or 0+. We found about 1320 hours (55 days) of
such period.

The MGF instrument has two dynamic ranges: £8,000 nT range and £60,000 nT range. MGF measures the
magnetic field with +60,000 nT dynamic range near the Earth, but we excluded the +60,000 nT range data
from our analysis because the determination error of the absolute sensitivity for the £60,000 nT range is too
large (0.1 %) to evaluate the relatively small magnetic field noises. We imposed another criterion: AB|_,;,/Bt <
0.006, where AB,.,, is the magnetic field variation in one spin period and Bt is the total intensity of the
magnetic field. This is because |AB| rapidly increases when AB,_,;,/Bt is greater than 0.006.

From 1st October 2017 to 3rd November 2017, the algorithm for changing the dynamic range did not work
well. Hence we did not examined this data period. Spike noises sometimes appear in the magnetic field data,
and we removed them before the analysis.
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2.2. Comparison with Tsyganenko 89 Model

After choosing the data during the geomagnetic quiet period, we calculated the model field values by using
the T89 model. In the calculation, the Kp index was fixed at Kp = 0 to express the ground state of the
magnetosphere. We compared the observed magnetic field with the model field in the Despun Sun sector
Inertia (DSI) coordinate system. In this coordinate system, Z axis (Zps;) almost directs to the spin axis. Since
the angle between Zpg and the spin axis is less than 1 degree, we can consider the Z-component of the
magnetic field in the DSI coordinates (Bzps;) as the magnetic field observed by the Z sensor element. Our
final goal is to evaluate the difference in Bz ps; between the spacecraft observation and the T89 model field
(ABps).

The Arase spacecraft has an apogee altitude of ~32,000 km and a perigee altitude of ~440 km (Miyoshi et
al., 2018"). Since Arase’s apogee precesses 270 degree per year, we can examine ABypg at various radial
distances (R) and magnetic local time (MLT). Arase’s observation covers almost all MLT during the data
period used in this study.

3. RESULTS

3.1. Histogram and R-MLT Distribution of the AB g/

Figure 1a shows the histogram of ABzps for the selected data period. Note that this histogram is strongly
biased by the values around the apogee of Arase, because Arase was launched into elliptical orbit and the
spacecraft spends much time around the apogee. Since the magnetic field noise originated from spacecraft
should not vary with radial distances or MLT, it is appropriate for evaluation of the noise to use all period of
the data. The most frequent value of ABzpg; is -0.1 nT, the average value is -0.3 nT, and the median value is
-0.6 nT. These values are much smaller than the offset of Z sensor element determined in the ground
calibration (from -10 to -13 nT, Teramoto et al., 2017"). The histogram shows variance that may be created by
weak geomagnetic disturbance. It seems that there are some local peaks around the maximum of the
occurrence frequency in the histogram. Thus the median value is better than the other values to evaluate the
noises. Figure 1b shows the radial distance vs MLT distribution of ABpgs; in a XY plane of the SM coordinate
system. We found that ABzps; depends on MLT; that is, ABzps; is positive on the dayside while it is negative
on the nightside.

(a) Histogram of ABx (Arase - T89, 8K) (b)
Kp = 0.3, |dB|/dt/Bt < 0.006 [/7.98s] Mean ABx(DSI)
————

B3 RERERREARE B I EEEEEEEEEEEEEREEE [ 20

L Most Frequent Value: -0.1 [nT] 1 ‘_--

15 oo vt 12 ] sl LAGERERRN -

| Y . VK

of | | N T
5" 2 (B
Z 5|

sk i

i 10

I 5

O-L-._-_Lxrfr‘r'./.'..|..l.'. ...'|I....|'... i -20

-20 10 0 10 20 5 0 5

ABX(DSI) [nT] Xsu [Rel

Figure 2 (a) Same as Figure 1a but for ABy ps;. (b) Same as Figure 1b but for ABy pg;.

This document is provided by JAXA.



26 JAXA Research and Development Report JAXA-RR-18-005E

3.2. Histogram and R-MLT Distribution of the ABx ps; and ABy,ps;

We also examined the differences between the observed magnetic field and the model field for X and Y
components in the DSI coordinate system (ABy ps; and AByps;). The results are shown in Figures 2 and 3. As
for ABy ps;, the median value is slightly large (+1.2 nT) and variance of ABy ps; seems more small than that of
ABzpsi. ABx ps; has no clear radial or local time dependence, and is usually positive (Figure 2b). The ABypg; is
the largest among the three components. The median value is 3.1 nT and the histogram has large variance
(Figure 3a). AByps; also has no radial or local time dependence as shown in Figure 3b.

(a) Histogram of ABy (Arase - T89, 8K) (b)
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Figure 3 (a) Same as Figure 1a but for AByps;. (b) Same as Figure 1b but for ABypg;.

4. SUMMARY and DISCUSSION

4.1. Spacecraft-origin Noise and Estimation Error of the Offset in the Z Sensor Element

We compared the magnetic field observed by the Arase with the T89 model in the DSI coordinates during
geomagnetic quiet period, and the result is summarized in Table 1. We cannot distinguish if these differences
are caused by estimation errors of the sensor offset, the DC component of the spacecraft-origin magnetic field
noise or the inaccuracy of the T89 model, because observational errors due to these factors can have similar
values as discussed below. According to Teramoto et al. (2017)", the temperature drift of the offset for the Z
element sensor is -0.1 nT/°C around 0 °C. Therefore, the estimation error of the offset can be comparable to
|ABzpsi| for different temperatures between in the offset estimation and in flight. The spacecraft-origin
magnetic field noise at the tip of the MAST has been simulated by Matsuoka et al. (2017)”, and they found
that the turned-off spacecraft creates the spacecraft-origin noise by 0.18 nT. This value is also comparable to
|ABzpsi|l- The inaccuracy of the T89 model during the quiet period may be less than ~1 nT and can contribute
to ABy psi. Nevertheless, the total influence of the artificial noises on the magnetic field measurement by the Z
element may be very small (within 1 nT) and the MGF sensor measures the magnetic field with high
accuracy.

The clear MLT dependence of AB; ps; can be attributed to the inaccuracy of the MGF sensitivity or the T89
model, because the estimation error of the offset and the spacecraft-origin magnetic field noise should be
independent on MLT. As a definition of the DSI coordinates, Zps; roughly directs to tailward. Since the Arase
stays in the northern hemisphere for longer time than in the southern hemisphere (not shown), the positive
ABzps; on the dayside and the negative one on the nightside imply that the main field is stronger than that
assumed in the T89 model. The error in the sensitivity is too small (0.06% for £8,000 nT range) to explain the
large differences (> 1 nT). Therefore, we consider that the T89 model may underestimate the main field.
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Table 1 Differences between the magnetic field observed by the Arase spacecraft and the T89 model field in
the DSI coordinate system during geomagnetic quiet period

Most Frequent Value [nT] Average Value [nT] Median Value [nT]
ABxpsi -0.1 1.2 1.2
ABypsr 2.8 2.5 3.1
ABzps -0.1 -0.3 -0.6

4.2. Interpretation of the large ABy g/

As shown in Table 1, ABypg is the largest among the three components. To understand the reason for the
large difference in Byps, we investigated the direction of Ypg in the SM coordinates. Figure 4 shows the
dwelling time of Arase as well as the three components of the unit vector along the Ypg axis in the SM
coordinates. We can see that the Ypg; axis approximately directs to the Zgy axis except for the dusk sector.
Therefore, the large AByps; may be due to the underestimation of the magnetic field in Zgy (Bzsy) by the T89
model. The magnetic field observed by Arase is closer to the dipole field than the model field.

Some possible reasons for the underestimation of Bz, can be considered. Since the Arase’s data period
covers only the declining phase of the solar activity or the solar minimum, the magnetopause current may be
weaker than that assumed in the T89 model. Thus the magnetic field induced by the magnetopause current
along the main field should be small, and the main field will be larger than that expected in the T89 model.
The other possible reason is the secular variation of the main field. Since the T89 model was coded about 30
years ago, the model field assumes stronger internal magnetic field than the data period used in this study.
This may causes some errors in the estimation of parameters for an external field induced by magnetospheric
current system.
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Figure 4 (a) Dwelling time of the Arase spacecraft in XY plane of the SM coordinates. (b) X-component of
the unit vector of Ypg axis. (¢) Y-component of the unit vector of Ypg axis. (d) Z-component of the unit
vector of Ypg axis.
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