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Measurements of convection electric field in the inner
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In this paper, we study the characteristic of large-scale convection electric field in the inner magnetosphere, using magneto-
spheric multiscale (MMS) observations between L=5 and L=8 over the period from September 1, 2015 to October 31, 2016,
covering almost all magnetic local time (MLT). Observations show that the DC convection electric field generally has small
variations in this region. We investigate whether the convection electric field is correlated with geomagnetic indices and solar
wind parameters. It is found that, among the studied parameters, solar wind electric field, z component of interplanetary magnetic
field, AE and Kp indices show good correlations with the averaged convection electric field. The results in this paper provide
valuable information for understanding the role of electric field on the dynamics of the inner magnetosphere.
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1 Introduction

The large-scale convection electric field plays an important
role in the dynamics and structures of the inner magneto-
sphere, such as the plasmasphere, ring current, the outer
radiation belt and plasma sheet [1–7]. It is well known that
dawn-dusk quasi-static electric field can be produced by the
interaction of the solar wind flowing past the Earth’s mag-
netic field with the magnetosphere, driving sunward plasma
convection from the magnetotail [8–13]. This sunward
convection transports plasmas to the inner magnetosphere
and therefore the plasmas are dominated by the E×B or
gradient B drift motion, depending on the energy of plasmas
[14–19]. Curvature and gradient drifts cause electrons to drift
eastward and ions to drift westward leading to the formation
of the ring current. The electric field is, in turn, affected by
the ring current particles through magnetosphere-ionosphere

(M-I) coupling [20,21]. It is therefore crucial to have accu-
rate information of the electric field in order to understand
the dynamics of the inner magnetosphere.
Volland [22] and Stern [23] developed a semi-empirical

model, known as Volland-Stern model, of the electric field in
the inner magnetosphere. The Volland-Stern model predicts
that, in the corotating frame of the Earth, the electric field
should diminish in intensity closer to Earth due to shielding
effects. Rowland and Wygant [24] studied the large-scale
dawn-dusk electric field in the inner magnetosphere using
data from the Combined Release and Radiation Effects Sa-
tellite (CRRES) mission, and found that the electric field is in
relation to the Kp geomagnetic index. It is revealed that the
electric field is related to the Kp and L shell and has a local
maximum in the electric field developing near Earth during
active times, rather than the expected enhancement at higher
L shells as suggested by the Volland-Stern model. During
active times, electric field was found to enhance as low as
L<3 [24]. Califf et al. [8] verified this work with Time
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History of Events and Macroscale Interactions during Sub-
storms (THEMIS) mission observations, which provided
more complete local time coverage. That study offered a
picture of the dawn-dusk electric field covering all local
times and radial distances in the inner magnetosphere, and
the results reached agreement with the CRRES observations
in the duskside.
Baumjohann et al. [25,26] studied electric field at the

geosynchronous orbit using data from the Geodetic Earth-
Orbiting Satellite 2 probe (GEOS 2) electron gun experi-
ment. They investigated the dependence of the convection
electric field on solar wind and interplanetary magnetic field
(IMF) conditions, and found Kp, IMF_Bz and IMF_By de-
pendences as well as the local time dependence of the
electric fields at L=6.6.
In this paper, we will investigate the characteristic of large-

scale electric field based on the new electric field measure-
ment from the MMS mission. The dependence of the electric
field on the geomagnetic activity and the solar wind condi-
tion will be examined to improve our understanding of the
electric field in the inner magnetosphere.

2 Instrumentation

The four identical MMS probes were launched on March 12,
2015 with apogee at 12 Re and perigee at about 1.5 Re in a
tetrahedron formation with separations of ~15 km [27]. Be-
cause of their small spatial separation, the convection electric
fields observed by the four probes are similar. Therefore, we
only use data from MMS-1 probe in this study. From Sep-
tember 2015 to October 2016, MMS spacecraft completes a
full coverage of local time, as shown in Figure 1 [28].
Each spacecraft is equipped with FIELDS suite that pro-

vides electric field and magnetic field measurements in three
dimensions [29]. The magnetic field, electric field and
spacecraft potential data used in this study are provided by
the Electric Field Double Probe (EDP) and the Fluxgate
Magnetometer (FGM).
The Axial Double Probe (ADP) and the Spin Plane Double

Probes (SDP) are the two components of EDP, measuring 3D
electric field [30,31]. The ADP instrument measures the DC
to ∼100 kHz electric field along the spin axis of the MMS
spacecraft [30]. The SDP measures the electric field in the
spin plane with an accuracy of 0.5 mV/m over the frequency
range from DC to 100 kHz. SDP consists of 4 biased sphe-
rical probes extended on 60 m long wire booms 90° apart in
the spin plane, giving a 120-m baseline for each of the two
spin-plane electric field components [31]. In the current
study, only the measurements of the y component of electric
field in GSE (Geocentric Solar Ecliptic) coordinate are used.
Solar wind parameters and geomagnetic activity indices

are obtained from the Coordinated Data Analysis Web

(https://cdaweb.gsfc.nasa.gov/sp_phys).

3 Data processing

This study uses valid electric field measurements from
MMS-1 probe between September 1, 2015 and October 31,
2016. The electric field data are provided in slow survey (SS)
mode, fast survey (FS) mode and burst mode. In the inner
magnetosphere, the electric field data are mostly in SS mode
with time resolution of 0.125 s.
In order to calculate the convection electric field in the co-

rotating frame, we convert the measured electric field in the
spacecraft frame to inertial frame, and then subtract the co-
rotation electric field. Thus, large-scale convection electric
field in the co-rotating frame can be given as
E  V B R B=  ×  + × × , (1)convection obs sc

where Eobs is the electric field in the spacecraft frame mea-
sured by MMS EDP instrument,Vsc is the spacecraft velocity
vector, B is the measured magnetic field, ω is the Earth’s
angular velocity vector, R is the spacecraft position vector.
As shown in Figure 2, the first panel is spacecraft potential
also measured by EDP during an outbound orbit on Sep-
tember 2, 2015. The second panel is Eobs in GSE coordinates,
and other electric fields are also in the same coordinates. The
third panel is –Vsc×B, the electric field introduced by the
motion of the spacecraft in Earth frame. The fourth panel is
co-rotation electric field. The fifth panel is Ey in the co-
rotation frame. Subsequently, the data are smoothed with

Figure 1 (Color online) The orbits of MMS-1 satellite on September 1,
2015, December 1, 2015, March 1, 2016, June 1, 2016 and October 31,
2016. The magnetopause location is calculated by Shue et al. [28] model
for SW_Dp=5 nPa and IMF_Bz=0 nT.
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5-minute windows to filter low-frequency waves. The last
panel shows the smoothed convection electric field.
We constrain our analysis in the region between L=5 to

L=8 to minimize the effect of small-scale electric field
structures, such as sub-auroral polarization stream (SAPS) at
low L shells [32] or dipolarization front at high L shells
[33,34]. SAPSs are strong sunward flows observed during
active times near the plasmasheet inner edge. SAPS causes
duskside flow enhancement, resulting in the radial motion of
plasmapause [35,36]. SAPS can enhance the electric field at
low L shells (L~2–5) during magnetic active time at duskside
particularly, resulting in complicated electric field pattern
around the plasmapause [21,37]. However, this kind of dis-
turbance is beyond the scope of this study. The data inside
the plasmasphere and outside the magnetopause are manu-
ally removed from the database based on spacecraft potential
and plasma measurement, respectively. Visual inspection is

further performed in order to remove abnormal measure-
ments.
As we can see in Figure 2, the DC convection electric field

generally has small variations in the region of interest. For
each inbound or outbound orbit crossing, the DC electric
field is averaged in the studied region and is considered as
one data sample, hereafter referred to as Econ. Those data
samples are removed from the database if (1) the spatial
coverage of the data sample is less than 0.5 Re, or (2) the
standard deviation for the data sample is more than 1 mV/m,
which are usually related to data quality issues. Solar wind
parameters and geomagnetic activity indices are averaged in
the time period of each sample.
In total, 482 data samples of large-scale electric field are

obtained based on the measurements from September 1,
2015 to October 31, 2016. These data samples cover all the
magnetic local times (MLT), as shown in Figure 3. There are

Figure 2 Example of the calculation of convection electric field in GSE coordinate from 06:00 to 09:00UT on September 2, 2015. (a) Spacecraft potential;
(b) y component of Eobs in spacecraft frame; (c) y component of Vsc×B; (d) y component of co-rotation electric field; (e) Ey in the co-rotation frame; (f)
smoothed Ey in the co-rotation frame.
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more data samples around the noon sector than other sectors,
because of the change of instrument operation after April
2016.

4 Observations

Based on the electric field database described in the previous
section, we can study the characteristics of the large-scale
dawn-dusk electric field. It is found that the value of the
electric field observed by MMS varied between −0.4 and
0.8 mV/m, which is similar with previous results, like
Baumjohann et al. [25,26] based on GEOS 2 measurements
and Califf et al. [8] based on THEMIS measurements. It is
also found that the averaged Ey component is positive
(duskward) for 58% of the data samples. The standard de-
viation for each data sample is used to evaluate the variation
of the electric field in the region between L=5 to L=8. As a
reference, in the event with small electric field variations
shown in Figure 2, the standard deviation is 0.05 mV/m. The
distribution of the standard deviation for all the events is
shown in Figure 4. As one can see, the largest occurrence of
the standard deviation is between 0.1 and 0.2 mV/m. For
about 90% of the data samples, the standard deviation is
below 0.5. It therefore indicates that the electric field gen-
erally has small variations in the region between L=5 to L=8.
The dependences of the y component of the convection

electric field on geomagnetic activities are further in-
vestigated based on the database, as shown in Figure 5. The
correlation coefficient (CC) between Econ and AE, Kp and
SYM_H indices are plotted in Figure 5(a)–(c) respectively.
In each panel, the Econ is bin-averaged with the given para-
meter and the error bars represent the standard deviation of
the mean in each bin. Those bins having <5 data samples are
not included in the analysis. Overall, there are good corre-
lations between Econ and geomagnetic indices, with the cor-

relation coefficient greater than 0.9 for AE and Kp, and 0.65
for SYM_H.
The dependence of Econ with AE index is shown in

Figure 5(a). The AE index indicates the intensity of geo-
magnetic substorms . In the case of very low AE~50 nT, Econ

Figure 3 Distribution of the data samples over magnetic local time from
September 1, 2015 to October 31, 2016.

Figure 4 Distribution of the standard deviation of Econ for the 482 data
samples.

Figure 5 Correlation between Econ and geomagnetic indices. (a) AE; (b)
Kp; (c) SYM_H.
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is around 0 mV/m. While AE index increases, Econ increases
nearly linearly to around 0.71 mV/m for AE=750 nT. Due to
the limited number of data samples, the correlation study is
limited for AE<800 nT. The correlation coefficient between
Econ and AE index is as high as 0.99, suggesting a very strong
correlation between them and the possibility of predicting
Econ with AE index. The Kp index is considered to describe
the strength of large-scale convection in the magnetosphere.
The relationship between Kp index and large-scale electric
field has been investigated in several previous studies [8,24].
As shown in Figure 5(b), the correlation coefficient between
Econ and Kp index is around 0.93. However, different from
the Econ variation with AE index, for Kp values below 2, Econ

is around 0 mV/m and increases slowly with Kp. While Kp is
3 and above, Econ increases obviously and linearly to
~0.7 mV/m for Kp=5. Again, because of the limitation of
data sample, the cases with Kp>5 is not considered in this
paper.
For the SYM-H index as shown in Figure 5(c), Econ has a

negative correlation for SYM_H<0, suggesting that the
convection electric field enhances during geomagnetic active
time. Interestingly, Econ also enhances for SYM_H>0, which
is possibility related to the compression of Earth’s magnetic
field by the interplanetary shocks.
The dependences of the convection electric field on solar

wind condition are shown in Figure 6, for solar wind speed
(SW_V), solar wind electric field (SW_E), solar wind dy-
namic pressure (SW_Dp), x component of IMF (IMF_Bx), y
component of IMF (IMF_By), and z component of IMF
(IMF_Bz) in Figure 6(a)–(f) respectively in the same format
as Figure 5.

As we can see in Figure 6, the correlation coefficient be-
tween convection electric field and SW_E, IMF_Bz are
greater than 0.9 suggesting strong correlation between them.
SW_V and IMF_Bx have relatively lower correlation coef-
ficient with electric field around 0.5. The correlation coef-
ficients between convection electric field and SW_Dp and
IMF_By are less than 0.3. These results suggest that the or-
ientation of IMF in equatorial plane and SW_Dp plays only
minor roles in changing the convection electric field in the
inner magnetosphere.
In Figure 6(f), it is shown that IMF_Bz has a negative

correlation with Econ. For northward IMF_Bz, Econ value is
close to 0 or negative, suggesting that there is weak con-
vection in the magnetosphere during northward IMF period.
While for southward IMF_Bz, Econ becomes larger as IMF_Bz
turns more southward suggesting enhanced magnetosphere
convection because of the enhanced coupling between solar
wind and magnetosphere. The dayside reconnection due to
the southward IMF may increase energy input into the
magnetosphere as described by the scenario of the Dungey
cycle.

5 Summary

In this paper, we use recent MMS measurements to study the
large-scale convection electric field in the inner magneto-
sphere. It is found that the value of the convection electric
field varies between −0.4 and 0.8 mV/m with small varia-
tions in the region between L=5 to L=8 outside the plasma-
sphere. The small-scale variations of electric field around the

Figure 6 Correlation between Econ and solar wind parameters. (a) SW_V; (b) SW_E; (c) SW_Dp; (d) IMF_Bx; (e) IMF_By; (f) IMF_Bz.
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plasmapause are not considered in this study, which could
possibly explain the difference between this study and pre-
vious observations in terms of the radial profile of the con-
vection electric field.
Strong correlations have been found between convection

electric field and various geomagnetic indices and solar wind
parameters, such as AE, Kp, SW_E and IMF_Bz, while for
some other parameters like SW_Dp and IMF_By, the corre-
lation is weak. The relationships found in this study gen-
erally agree with previous studies, except that we investigate
more parameters here. These results provide valuable in-
formation for understanding the role of electric field in de-
termining the inner magnetospheric dynamics.
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