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Abstract

Utilizing the data from the magnetometer instrument which is a part of the Electric and
Magnetic Field Instrument Suite and Integrated Science instrument suite on board the Van Allen Probe A
from September 2012 to April 2014, when the apogee of the satellite has passed all the magnetic local time
(MLT) sectors, we obtain the statistical distribution characteristics of electromagnetic ion cyclotron (EMIC) waves
in the inner magnetosphere over all magnetic local times from L = 3 to L = 6. Compared with the previous
statistical results about EMIC waves, the occurrence rates of EMIC waves distribute relatively uniform in the MLT
sectors in lower L shells. On the other hand, in higher L shells, there are indeed some peaks of the occurrence
rate for the EMIC waves, especially in the noon, dusk, and night sectors. EMIC waves appear at lower L shells
in the dawn sector than in other sectors. In the lower L shells (L < 4), the occurrence rates of EMIC waves
are signiﬁcant in the dawn sector. This phenomenon may result from the distribution characteristics of the
plasmasphere. The location of the plasmapause is usually lower in the dawn sector than that in other sectors,
and the plasmapause is considered to be the favored region for the generation of EMIC waves. In higher L shells
(L > 4) the occurrence rates of EMIC waves are most signiﬁcant in the dusk sector, implying the important
role of the plasmapause or plasmaspheric plume in generating EMIC waves. We have also investigated
the distribution characteristics of the hydrogen band and the helium band EMIC waves. Surprisingly, in the
inner magnetosphere, the hydrogen band EMIC waves occur more frequently than the helium band EMIC
waves. Both of them have peaks of occurrence rate in noon, dusk, and night sectors, and the hydrogen band
EMIC waves have more obvious peaks than the helium band EMIC waves in the night sector, while the helium
band EMIC waves are more concentrated than the hydrogen band EMIC waves in the dusk sector. Both of them
occur signiﬁcantly in the noon sector, which implies the important role of the solar wind dynamic pressure.

1. Introduction
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Electromagnetic ion cyclotron (EMIC) waves are discrete electromagnetic emissions, which are usually
considered to be generated by the ring current ions with temperature anisotropy (T⊥ > T∥ ) [Cornwall, 1965;
Summers and Thorne, 2003; Zhang et al., 2014]. The frequencies of EMIC waves are conﬁned below the
gyrofrequency of proton in their source region, which is considered to be near the geomagnetic equator,
with (magnetic latitude) |MLAT| < 11° [Loto’aniu et al., 2005; Thorne, 2010]. Due to interactions with the ion
component of the background plasma, EMIC waves are divided into three bands: hydrogen band, helium
band, and oxygen band. The frequency of hydrogen band EMIC waves lies between the gyrofrequency of
hydrogen and helium ion at the source region, while helium band EMIC waves between helium and
oxygen gyrofrequencies, and the oxygen band EMIC waves, have frequency below the gyrofrequency of
oxygen at their source region. Hydrogen band EMIC waves mainly occur outside the plasmapause, while the
helium band EMIC waves can be found both inside and outside the plasmapause [Fraser and Nguyen, 2001].
Due to their low frequency and the orbits of the former satellites, oxygen band EMIC waves are rarely
reported. Taking advantage of the low orbits of the Van Allen Probes in the inner magnetosphere, some
oxygen band EMIC waves are observed, which are discussed in another paper [Yu et al., 2015]. EMIC waves are
believed to play an important role in the dynamic evolution of the inner magnetosphere. Through wave
particle interaction, they can lead to precipitations of ring current ions [Cornwall et al., 1970; Jordanova et al.,
2001; Keika et al., 2006; Yuan et al., 2010, 2012; Zhu et al., 2012; Su et al., 2014] and relativistic electrons [Bortnik
et al., 2006; Summers et al., 2007; Jordanova et al., 2008b; Shprits et al., 2009; Su et al., 2010, 2011, 2012, 2013;
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Yuan et al., 2013; Hyun et al., 2014; D. D. Wang et al., 2014]. Through Landau damping, they can also heat cold
electrons in the magnetosphere [Zhou et al., 2013] and plasmaspheric plume [Yuan et al., 2014]. Therefore, it is
necessary to investigate the distribution characteristics of EMIC waves in the inner magnetosphere, especially
the distribution function about L and magnetic local time (MLT).
The cold, dense plasmas also play an important role in the generation of EMIC waves, because they can bring
down the instability threshold to generate EMIC waves [Gary et al., 1995]. Some theoretical and observational
studies hold the view that EMIC waves are easier to be generated when the hot anisotropic ions encounter
the dense and cold plasmasphere [Gary et al., 1995; Yuan et al., 2010; Liu et al., 2013]. Plasmaspheric plumes
are also suggested to be a preferential structure where EMIC waves can be generated easily [Yuan et al.,
2014]. On the other hand, some studies emphasize the pivotal role of the solar wind dynamic pressure in the
generation of the EMIC waves [Usanova et al., 2008, 2010; McCollough et al., 2009, 2012]. Active
Magnetospheric Particle Tracer Explorers (AMPTE) CCE observations show that EMIC waves mainly occur
between 11:00 and 18:00 MLT [Anderson et al., 1992a, 1992b]. Inferred from the events of simultaneous
precipitation of relativistic electrons and ring current ions observed by the NOAA POES satellites, EMIC waves
are found to be generally located at the dusk to midnight sectors [Z. Wang et al., 2014]. Although some
statistical studies claim that the occurrence rate of the EMIC waves in the inner magnetosphere is limited,
just several percent [Min et al., 2012; Usanova et al., 2012; Meredith et al., 2014], one shortcoming of the
previous statistical studies is that the spacecraft such as Time History of Events and Macroscale Interactions
during Substorms (THEMIS) and CRRES spent limited time in the inner magnetosphere, especially in lower L
shells. The apogee of the CRRES satellite nearly reached L = 8, higher than that of the Van Allen Probes, and
it did not covered all the MLT regions. Therefore, the occurrence rate of the EMIC waves in the inner
magnetosphere need to be further assessed.
Van Allen Probes spend all their time below the geosynchronous orbit, which provides an unprecedented
opportunity to study the statistical distribution characteristic of the EMIC waves in the inner magnetosphere.
In this paper, utilizing the data from the Electric and Magnetic Field Instrument Suite and Integrated Science
(EMFISIS) magnetometer instrument on board the Van Allen Probe A and an automated wave detection
algorithm [Bortnik et al., 2007], we investigate the occurrence rate of the EMIC waves in the inner
magnetosphere and the characteristics of EMIC waves on the different bands.
The remained parts of this paper are organized as follows: ﬁrst, an introduction about the Van Allen Probes and
their onboard instruments is given; then, the algorithm of data processing is introduced, and an example of
EMIC waves found by the algorithm is presented; in the fourth part of this paper, the statistical results are
shown; and ﬁnally, some discussions and conclusions end this paper.

2. Van Allen Probes’ Orbits and Instrumentation
The Van Allen Probes, ﬁrst named Radiation Belt Storm Probes (RBSP), were launched on 30 August 2012. The
identical twin spacecraft (A and B) carry on the same state-of-the-art instruments. The orbits of the Van Allen
Probes are all conﬁned below the geosynchronous orbit and lie nearly in the Earth’s equatorial plane, covering
the L shell range from nearly 1.1 to 6.5, which provides an unprecedented opportunity for the research in the
inner magnetosphere. In this paper, we utilize the data of the Electric and Magnetic Field Instrument Suite and
Integrated Science (EMFISIS) magnetometer instrument on board the Van Allen Probe A to investigate the
distribution characteristics of EMIC waves. EMFISIS magnetometer instrument provides vector magnetic ﬁeld
measurement which measures the background magnetic ﬁeld and the low-frequency waves [Kletzing et al.,
2013]. The sampling cadence of EMFISIS magnetometer is 64 Hz. Figure 1 illustrates the dwell time of the Van
Allen Probe A during 8 September 2012 to 30 April 2014, when the apogee of this satellite covered all MLT
sectors due to precession, and we choose this period to study the distribution characteristics of the EMIC
waves. In Figure 1, MLT has 1 h resolution and L has 0.5 L resolution, and the unit of the color bar is hour. In
addition, we choose the region from L = 3 to L = 6 and will give reasons below. To avoid the ambiguity if the
twin satellites observe the same event or not, we have not utilized the data from Van Allen Probe B. On the
other hand, one satellite is enough for the statistical work since its apogee has already covered all the MLT
regions. At last, the data from the magnetometer instrument on board Van Allen Probe B are not so good for
the automated wave detection algorithm which we utilized, because the data from the magnetometer
instrument on board Van Allen Probe B contain much more noise than that from Van Allen Probe A.
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Besides the data from EMFISIS
magnetometer instrument, we also
utilized the plasma density data
provided from the Electric Field and
Wave (EFW) instruments on board
the Van Allen Probe A to check
the relationship between the EMIC
occurrence region and the location of
the plasmapause.

3. Algorithm

80

First, we calculate the moving average
of the original magnetic ﬁeld data from
the magnetometer of EMFISIS suite
40
and subtract them from the original
L=6
20
data to get the ﬂuctuating magnetic
ﬁeld data. Applying the short time
18
fast Fourier transform to the ﬂuctuating
magnetic ﬁeld, we obtained the
Figure 1. Dwell time distribution of the Van Allen Probe A from 8
dynamic spectrogram, as an example
September 2012 to 30 April 2014. The L shell ranges from L = 3 to L = 6.
shown in Figure 2. The magnetic data
The unit for the color bar is hour.
are sampled at 64 Hz and are processed
in blocks of 1 h. The time series are divided into consecutive and overlapping time segments; each time
segment is windowed by a Hamming window to reduce edge effects. In our research, the sliding window is
chosen to be 6400 points (100 s) long, with an overlap of 4500 points, providing a frequency resolution of
0.01 Hz and a time resolution of about 30 s (1900/64 s). Therefore, each column of the spectrogram
represents the spectral content of a time interval about 30 s.
60

Further, the L shell values covered by the Van Allen Probe are not so high (less than 7), and the oxygen
gyrofrequency at geomagnetic equator with L = 6 is about 0.14 Hz in a dipole magnetic ﬁeld model;
therefore, we set the lowest frequency of interest to be 0.1 Hz, to contain the frequency range of helium
band EMIC waves. Additionally, although the gyrofrequency of hydrogen at the lowest L can approach
several tens of hertz, and the Nyquist frequency of EMFISIS magnetometer is 32 Hz, we choose 10 Hz as

Figure 2. An example of EMIC wave events found by the algorithm. The Van Allen Probe A satellite observed these
pulsations during 2:00 to 3:00 UT on 12 October 2012. The white solid line superposed on this ﬁgure illustrates the local
gyrofrequency of helium, and the white dashed line shows the local gyrofrequency of oxygen. The red solid line indicates
the density of the plasma. The scale of the plasma density is in the right side vertical axis of this ﬁgure. The black rectangle
near 3:00 UT demonstrates the outer edge of the plasmapause.
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the upper limit frequency for simpliﬁcation, and we choose the region from L = 3 to L = 6 to survey. The
sampling points where the gyrofrequency of hydrogen exceeds 10 Hz and below 32 Hz account for a small
percentage of the total sampling points, only 15.4%, most of which locate in regions with L < 3. In fact,
only several (~10) electromagnetic emissions, whose frequencies are higher than 10 Hz but lower than
local hydrogen frequency, are found in our survey and need to be further checked. Therefore, the
statistical results here can present the general characteristics of EMIC waves in the inner magnetosphere
without loss of generality.
Then, an automated wave detection algorithm [Bortnik et al., 2007] was performed on each 1 h data blocks, as
an example shown in Figure 2. At ﬁrst, we performed a 3 min average to the pulsation power content. For
each block which lasts 1 h, we calculated a mean background noise level. Therefore, the noise level varies
from 1 h to the next. An efﬁcient spectral point will be picked out when the 3 min average power exceeds
the ambient noise level more than 1 order of magnitude in the corresponding data block, which is the
same as that in Usanova et al. [2012]. These efﬁcient points are divided into different data groups when
the temporal separation between two efﬁcient points is longer than a critical value [Bortnik et al., 2007],
which is set to be 5 min in our case. Meanwhile, efﬁcient point groups lasting less than 5 min are removed.
Additionally, in some cases there are noises with constant frequency in the spectrograms, which may
result from the instrument itself. In order to eliminate the effect of these noises, we set the bandwidth of
the selected events to be higher than 0.1 Hz. The efﬁcient point groups detected through the algorithm
described above are identiﬁed as EMIC wave events, and the time intervals and the positions of the
satellite are recorded at the same time.
Finally, the events found were veriﬁed manually to ensure the statistical results. A number of false
identiﬁcations by the automated wave detection algorithm were discovered, many of which lie in the
oxygen band, due to confusion with lower-frequency pulsations which are not EMIC waves, and they were
removed from the event list. We indeed ﬁnd some good events of oxygen band EMIC waves, but the
number of which is few, so they are not included in this statistical work but in another paper [Yu et al., 2015].
An example of events found by the algorithm is shown in Figure 2. The white solid and dashed lines
superposed on the spectrum indicate the local gyrofrequency of helium and oxygen ions, respectively. The
red line in this ﬁgure depicts the density of cold plasma, the data of which are obtained from the RBSP
website. On 12 October 2012, during 2:00 to 3:00 UT, some EMIC pulsations were found in the dawn
sector. In our research, we treat a multiband event; i.e., EMIC waves occur on different frequency bands
but in the same time interval, such as the example shown in Figure 2 during the interval from 2:15 to 2:30
UT, as a single event, as treated in Usanova et al. [2012]. According to our detecting algorithm, two EMIC
wave events are identiﬁed in Figure 2: one appeared during 2:15–2:30 UT, while the other appeared during
2:40–2:59 UT. Both lasted more than 5 min, and the former occurred more than 5 min earlier than the
latter, which are the criteria to select the wave events by the algorithm. Following the method of Moldin
et al. [2002], we identify a plasma region with a density gradient greater than a factor of 5 within 0.5 L as
the outer edge of the plasmapause. As shown in Figure 2, the black rectangle demonstrates the outer
edge of the plasmapause. Therefore, both the EMIC events shown in Figure 2 occurred inside
the plasmasphere.

4. Statistical Results
Applying the algorithm described above, 251 EMIC wave events have been obtained, and all of them last at
least 5 min. In these events, oxygen band EMIC waves are not included, which are reported in another paper
[Yu et al., 2015]. Figure 3a shows the distribution characteristic of the EMIC wave events found by the
algorithm over all MLT and from L = 3 to L = 6; the unit of the color bar is the time interval of one
spectrogram column, which represents 1900/64 s (~30 s). There are three obvious peaks on the occurrence
of EMIC wave events. One peak locates at the dusk sector near the L = 5, which is consistent with the
AMPTE/CCE observation in the sector distribution [Anderson et al., 1992a]. In their research, the peak
concentration of events also occurs near apogee in the afternoon sector, but the apogee of AMPTE/CCE is
located near L = 9. In Figure 3a, a strong peak occurs near the midnight sector with L from 5 to 6, which
was not found obviously in AMPTE/CCE and THEMIS observations [Anderson et al., 1992a; Min et al., 2012;
Keika et al., 2013], due to their much higher-altitude orbits. CRRES satellite, which has a similar orbit with
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Figure 3. (a) Distribution of the EMIC wave events found by the algorithm in all MLT and from L = 3 to L = 6. The unit of the
color bar is the time interval of one spectrogram column, which represents 1900/64 s (~30 s). (b) The occurrence rates of
EMIC waves in all MLT and from L = 3 to L = 6.

Van Allen Probes but a higher apogee, also observed some EMIC wave events in the midnight sector with L
from 5 to 6, but the peak of occurrence rate there was not so strong relatively [Meredith et al., 2003, 2014].
Additionally, it is shown in Figure 3a that there is also a peak of events in the noon sector and in high L
shells. The distribution characteristic of the events in the dawn sector (3:00–9:00 MLT) is consistent with
that from the AMPTE/CCE observations to some extent, in which the L > 6 and L < 6 event populations
appear to be radially separated in the morning, and in our research, the occurrence rate of EMIC waves
indeed decreased sharply between L = 5 and L = 6 in the morning sector.
Dividing the total occurrence time interval of EMIC wave events obtained by the algorithm in each bin by the
total time interval when the Van Allen Probe A was located in the corresponding bin, we obtained the
occurrence rates of EMIC waves, which is shown in Figure 3b. It can be seen that the maximum occurrence
rate of EMIC waves in the inner magnetosphere is indeed less than 5%, which is consistent with the
previous researches [Anderson et al., 1992a; Min et al., 2012; Usanova et al., 2012].

occurrence rate

There are several peaks of the occurrence rates in each sector, noon (9:00–15:00 MLT), dusk (15:00–21:00 MLT),
night (21:00–3:00 MLT), and the dawn (3:00–9:00 MLT) sector, which is also consistent with the
AMPTE/CCE observation [Anderson et al., 1992a]. In their research, the most preferred region for the
EMIC waves to occur is beyond L = 7, while in the inner magnetosphere with L < 5, EMIC waves occur
with a relatively uniform local time distribution. The peaks in the noon sector, dusk, and night sectors
appear in higher L shell while the peaks in the dawn sector locate at lower L shell. In order to
investigate the relationship between the occurrence rates and L shell in different sectors, we add the
occurrence rates in the same L shell
0.14
bin and in the same MLT sector together
DAWN
NOON
and then obtain the occurrence rates
DUSK
0.12
NIGHT
against L in different sectors. The results
are shown in Figure 4, the vertical label
0.1
of which indicates the occurrence rates
of EMIC waves, and the horizontal label
0.08
depicts the L shell region. In general, the
0.06
occurrence rates between L = 3 and
L = 4.5 enhance with increasing L shell
0.04
values, while the occurrence rates
between L = 4.5 and L = 6 decrease with
0.02
increasing L shell values. Maybe the
reason lies on the position of
0
L 3
3.5
4
4.5
5
5.5
6
plasmapause, which is considered to be
Figure 4. Diagram illustrates the occurrence rate of EMIC waves in different the preferred region for the excitation of
EMIC waves [Gary et al., 1995;
sectors and different L shells.
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Figure 5. The occurrence rate of hydrogen band EMIC waves in all MLT
and from L = 3 to L = 6.
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Yuan et al., 2010] and is reported to be
usually located near L = 4~5 [Sheeley
et al., 2001]. Especially at the L = 3.5~4,
the occurrence rates in all the four
sectors rise sharply, compared to those
in lower region, and interestingly, the
occurrence rate in the dawn sector
which is believed to be low in many
studies [Keika et al., 2013; Meredith et al.,
2014] is high, comparable with those in
other sectors. The occurrence rates of
EMIC waves in the dawn and noon
sectors grow to their own peaks at the
L = 4~4.5 and then decrease with L,
while the occurrence rate of EMIC
waves in the dusk sector increases to
the highest at the L = 4.5~5.5. At the
L = 5~5.5, the occurrence rate in the
night sector grows to its own peak.

The occurrence rates on the different
band EMIC waves are also studied. As
the orbits of Van Allen Probes are near the geomagnetic equator, which coincide with the generation region
of EMIC waves, we utilize the local gyrofrequencies of hydrogen, helium, and oxygen ion to identify the
band of EMIC waves. Previous studies utilizing satellites near the equator such as GOES [Fraser et al., 2010]
also treat this way. The same method has been taken in some event analyses utilizing Van Allen Probes
[Usanova et al., 2014]. We have also rechecked the events with |MLAT| > 11° with the equatorial
gyrofrequencies, in order to make sure the category of hydrogen and helium band EMIC waves. In our
research, 178 hydrogen band EMIC wave events were found. Figure 5 illustrates the occurrence rate
distribution of hydrogen band EMIC waves, in the same format as that in Figure 3. Hydrogen band EMIC
waves also have peaks of occurrence rates in every sector. Two signiﬁcant peaks occur in the midnoon and
midnight sectors. Peaks in the dawn sector are located at lower L shells. There are also some peaks of
occurrence rates in the dusk sector at higher L shells.
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Figure 6. The occurrence rate of helium band EMIC waves in all MLT and
from L = 3 to L = 6.
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Additionally, for helium band EMIC
waves, 154 events were found, less
than that of the hydrogen band EMIC
waves, which is different from previous
studies [Meredith et al., 2014]. In their
research, helium band EMIC waves
are observed more frequently than
hydrogen band EMIC waves. The reason
that leads to this difference is to be
found. Figure 6 shows the occurrence
rate distribution of helium band EMIC
waves in all MLT and from L = 3 to L = 6.
It can be seen that the occurrence rates
of helium band EMIC waves have three
signiﬁcant peaks. One peak lies in the
noon sector at the L = 6, and two peaks
occur in the dusk sector. For the two
peaks in the dusk sector, one is located
at the L = 3.5 and 17:00 MLT, which is in
an extraordinary low L shell region for
the afternoon cases, and the other at

4405

Journal of Geophysical Research: Space Physics

10.1002/2015JA021089

the L = 4.5–5.5 and 16:00 MLT. The occurrence rate of helium band EMIC waves in the dawn and night sectors
is relatively lower, which is consistent with the statistical results of CRRES observations [Meredith et al., 2014].

5. Discussion and Conclusion
Maybe due to the orbit of the satellite, the observation time is limited beyond L = 5.5, and the occurrence rate
there falls. If this trend does not result from the limit of the orbit, it should be consistent with the conclusion in
Anderson et al. [1992a]. In their research, there exists a radial separation region at L = 6 for the EMIC waves,
especially in the morning sector. This characteristic is different from that in Usanova et al. [2012]. In their
Figure 4, the occurrence rate generally increases with L in the four sectors. This difference may result from
the limit of the satellite orbit or the gap for EMIC generation at L = 6. The occurrence rate in dusk sector is
usually high for L > 3, especially for L > 4.5; this is consistent with the other studies [Meredith et al., 2003;
Usanova et al., 2012]. The large occurrence rate in the dusk sector may result from the trajectory of the hot
ions injected from the magnetotail, and the asymmetric distribution of the plasmapause, which always has
a bulge, also called plasmaspheric plume in the dusk sector. This implies the important role of cold dense
plasmas in the generation of EMIC waves.
The signiﬁcant peak in the midnight sector for hydrogen band EMIC waves may imply that the injected hot
ions interact with the cold dense plasma in the midnight sector, where the ﬂux of helium ions should be not
so high, which needs further investigation. The helium band EMIC waves are more concentrated at the dusk
sector, which is consistent with previous studies [Min et al., 2012; Keika et al., 2013].
Peaks of EMIC wave occurrence in the dawn sector locate at lower L, which implies that some hot ions
injected from the magnetotail may pass the dawn sector and continue to move to the midnoon sector
directly, consistent with some simulation results [Jordanova et al., 2008b].
In the generation of EMIC waves, the temperature anisotropy of energetic ions provides the energy source for
ion cyclotron instability [Cornwall, 1965], while the presence of cold dense plasma can bring down the
threshold of generating EMIC waves [Criswell, 1969; Thorne and Horne, 1997]. The injected hot ions from
the magnetotail are usually temperature anisotropy, and the enhancement of solar wind dynamic pressure
can enhance the temperature anisotropy of the hot ions. In addition, the plasmapause and the
plasmaspheric plume are the preferable regions where EMIC waves are easily to be generated. The
distribution characteristics of EMIC waves in this paper are consistent with the above theories.
At ﬁrst, the effect of cold dense plasma in the generation of EMIC waves is extensively discussed in both
theoretical and observational works [Thorne and Horne, 1997; Chen et al., 2009; Yuan et al., 2010, 2012;
Usanova et al., 2013]. With the same method as that in Figure 2, we identiﬁed the relative position
between EMIC wave occurrence region and the outer edge of the plasmapause. As a result, we found that
except for six events without plasma density data, all the other events are with plasma density data, and
37% of them were identiﬁed outside the plasmasphere and 63% of them inside the plasmasphere. Most of
the EMIC wave events were located near the plasmapause. The results implied the important role of the
cold dense plasma in the generation of EMIC waves.
Second, the occurrence rate of EMIC waves in the noon sector peaks at the highest L shell, which implies that
the solar wind dynamic pressure is also important in the generation of EMIC waves, considering that the
compression-related EMIC waves often appear at the noon sector. In higher L regions, the solar wind
dynamic pressure may become more important in the generation of EMIC waves [Usanova et al., 2008,
2010; McCollough et al., 2009, 2012]. The enhancement of solar wind dynamic pressure can increase the
temperature anisotropy of energetic ions [McCollough et al., 2009, 2012], which can act as the source of
cyclotron instability. The enhancement of solar wind dynamic pressure leads to the compression of the
magnetosphere in the noon sector more directly and most obviously. Additionally, the extension of
plasmaspheric plumes to the noon sector in geomagnetic storms may also favor the generation of EMIC
waves there [Jordanova et al., 2008a].
Last but not the least, in fact, considerable numbers of EMIC waves occurred in the dawn sector, and many of
them were located in the regions with L < 4. This implies that in the very inner magnetosphere, the ring
current and the plasmasphere may distribute nearly uniformly, and the probability of generating EMIC
waves is nearly the same in all sectors where L < 4. This implies a possibility that, through wave particle
WANG ET AL.
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interaction, EMIC waves may lead to the precipitations of the relativistic electrons not only in the dusk sector
but also in the dawn sector, which was thought to be mainly caused by chorus waves in the dawn sector. For
instance, the EMIC waves shown in Figure 2 occurred in the dawn sector, and utilizing the quasi-linear theory
[Summers et al., 2007], we calculated the pitch angle diffusion rates near the equatorial loss cone for highenergy electrons by the EMIC waves shown in Figure 2. The results (not shown) demonstrate that relativistic
electrons with energy higher than 900 keV would resonant with the EMIC waves observed. In another word,
the dawn sector EMIC waves shown in Figure 2 could resonant with relativistic electrons with energy higher
than 900 keV and make them precipitate into the atmosphere in the future. The research about the waveparticle interaction is beyond the scope of this manuscript, which will be further studied.
In future work, we will examine the relationship between EMIC wave occurrence and solar wind dynamic
pressure enhancement, geomagnetic storms, and the plasma density gradient, in order to further
understand the generation mechanism of EMIC waves. This would be helpful to establish a general model
of EMIC waves in the inner magnetosphere.
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Erratum
In the originally published version of this article, a copy of ﬁgure 5 was mistakenly labeled as ﬁgure 6.
Figure 6 has since been corrected, and this version may be considered the authoritative version of record.
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