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Abstract 
 
Electromagnetic ion cyclotron (EMIC) waves can 
precipitate the ring current ions and relativistic electrons, 
and heat the cold electrons in the magnetosphere. This 
requires comprehensive knowledge of the occurrence and 
wave properties of EMIC waves. In present paper, we 
used the data from one new mission, Magnetospheric 
Multiscale (MMS) mission launched in March 2015, to 
investigate the occurrence and wave properties of H+-band 
and [He+-band EMIC waves in the magnetosphere. Our 
statistical results show that: 1) H+-band EMIC waves 
mostly occur in the higher L-shells (L  >  5) while He+-band 
EMIC waves are mostly observed in the lower L-shells 
(L  <  6). 2) The occurrence rate of H+-band EMIC waves in 
the dayside is higher than that in the night-side. The 
highest peak of occurrence rate of H+-band EMIC waves 
is in the post-noon sector (5-8 L-shells) and the secondary 
peak lies in the small area of dawn sector. 3) The wave 
power spectral density peaks in the post-noon and pre-
dusk sectors, while the wave normal angles are largest in 
the dawn sector. 4) Linear and right-hand polarized H+-
band EMIC waves are mainly in the regions of peak 
occurrence, while linear polarized waves are seen to also 
dominate outside of the regions of peak occurrence. 
Highest occurrence rate of linear polarized He+-band 
EMIC waves is observed in the dawn sector. We 
discussed the results and compared with previous findings. 
 
1. Introduction 
 
Electromagnetic ion cyclotron (EMIC) waves are usually 
generated near the geomagnetic equator with the 
frequency below the ion gyrofrequency and a left-handed 
polarization at the source region by the ion temperature 
anisotropy [1] or hot ions with ring velocity distributions 
[2, 3] etc. EMIC waves can be divided into three bands 
according to the ion gyrofrequency distinctions: hydrogen 
band (H+-band) EMIC waves with frequency between the 
hydrogen gyrofrequency and the helium gyrofrequency; 
helium band (He+-band) EMIC waves with the frequency 
between helium gyrofrequency and the oxygen 

gyrofrequency; oxygen band (O+-band) EMIC waves with 
frequency below the oxygen gyrofrequency.  
 
EMIC waves play an important role in the particle 
dynamic and evolution in the Earth’s magnetosphere. 
EMIC waves can interact with the particles, leading to 
precipitations of ring current ions [4, 5], scattering of 
relativistic electrons into the loss cone in the radiation belt 
[6, 7], and heating of cold electrons in the plasmaspheric 
plume [8].  
 
To better understand the interaction mechanism between 
EMIC waves and the particles, including ions and 
electrons, it requires global distributions and occurrence 
rates of EMIC waves, and their properties in the 
magnetosphere.  
 
2. MMS data and Analysis Procedure 
 
The MMS spacecraft were launched on 12 March 2015, 
and consists of four identical spacecraft [9]. MMS can 
provide very high resolution measurements, including 
fields, particles and waves [9]. In the present study, only 
magnetic field data measured by the FIELDS instruments 
with the sampling rate of 8 Hz (few time periods in 16 Hz) 
in the survey mode from 1 September 2015 to 31 October 
2016 were analyzed. Due to the small separation among 
the MMS spacecraft, we only statistically analyzed the 
data from one spacecraft, i.e., MMS2.  
 
We performed the short time fast Fourier transform (FFT) 
technique on the fluctuating magnetic field, and obtained 
the wave power spectral densities. The FFT was 
parameterized by a sliding window size of 800 data points 
(100 s), with an overlap of 400 points for the magnetic 
field with the sampling rate of 8 Hz; a sliding window 
size of 1600 data points (100 s), with an overlap of 800 
points for the magnetic field with the sampling rate of 16 
Hz. The wave properties, including polarization, normal 
angle, and ellipticity, are derived by the singular value 
decomposition (SVD) method [10] which is widely 
applied in the identifications of different wave modes [11, 
12, 13, 14]. EMIC wave events were identified visually, 
and must last at least 5 min. All EMIC wave events were 



catalogued by ion gyro-frequency band. The examples of 
H+-band and He+-band EMIC wave events are shown in 
Figure 1. 

  
Figure 1. Examples of the H+-band (a) and He+-band (b) 
EMIC wave events (including filtered waveforms and 
spectrograms) as well as an eliminated case with the 
duration less than 5 minutes that was determined not to be 
an EMIC wave event.  
 
3. Statistical results 
 
After surveying the MMS data, 411 EMIC wave events 
have been identified, which include 318 H+-band and 93 
He+-band EMIC wave events. The number of H+-band 
EMIC wave events is much more than that of He+-band 
EMIC wave events, which is consistent with the statistical 
results of Wang et al. [14], but different from the studies 
of Meredith et al. [15] and Saikin et al. [16]. O+-band 
EMIC wave events are not involved in this study since 
their number is too small to be statistically studied. 
 
The occurrence rates of all EMIC, H+-band and He+-band 
EMIC waves are shown in Figure 2. All in all, the dayside 
of the magnetosphere has much higher occurrence rates 
than the nightside, with the highest rate over 30% 
occurring in the region of L = 6 ~ 8 and MLT = 12:30 ~ 
15:00 (Figure 2a). Figure 2b displays the occurrence rate 
of H+-band EMIC waves. There are several peak groups 
of the occurrence rate of H+-band EMIC waves: the 
largest peak group (>20%) in the post-noon sector (12:00-
15:00 MLT and 5-8 L-shells), the secondary peak in the 
post-dawn sector (8:00-08:30 MLT and 7-8 L-shells). 
This observation is similar to the results of Allen et al. 
[17], but different with previous study of Min et al. [18]. 
Min et al. [18] found that there are two major peaks in the 
EMIC wave occurrence probability: one is at dusk and 8-
12 RE where the He+-band dominates the H+-band waves; 

the other is at dawn and 10-12 RE where the H+-band 
dominates the He+-band waves. In our observations, we 
found more He+-band waves than H+-band waves in the 
dawn region. Allen et al. [17] reported that wave 
occurrence peaks are observed across the entire dayside 
magnetosphere, and the pre-dusk region observes the 
broadest spatial range of peak wave activity, however 
they did not categorize their events by ion gyro-frequency. 
Figure 2c shows the occurrence rate of He+-band EMIC 
waves. He+-band EMIC waves have much a lower 
occurrence rate (<6%) compared with H+-band EMIC 
waves. It can be seen that the occurrence rates of He+-
band EMIC waves have three peak groups. One peak 
group lies in the dawn sector at L = 5-6 and L= 3-4; the 
second peak group is in the dusk sector; and the third peak 
group occurs in the noon sector at L = 3-4 and L = 6-7.  

 
Figure 2. Occurrence rates of all EMIC waves (a), H+-
band EMIC waves (b) and He+-band EMIC waves (c) 
events.  
 
The wave power spectral densities of EMIC waves in the 
MLT-L plane are shown in Figure 3. The wave power in 
each bin has been averaged together. One can see that 
there is no clear dependence between the wave power and 
the sectors, especially for He+-band EMIC waves (Figure 
3c). The wave power of all and H+-band EMIC waves in 
the occurrence peak region (post-noon sector with 12:00-
15:00 MLT, 5-8 L-shells) is only ~10-2 nT2/Hz, which is 
not the largest observed wave power region but it near the 
median value (Figure 3a and 3b). There is one significant 
peak group between the noon and dusk sectors, i.e., the 
areas of 13:30-16:00 MLT and 9-10 L-shells (Figure 3a 
and 3b), similar to the previous findings of Allen et al. 
[17].  
 
The wave normal angle is defined as the angle between 
the wave vector and the ambient magnetic field. Figure 4 
presents the averaged normal angles in each bin. For all 
EMIC waves, averaged normal angles fell between 10° 
and 60°. It seems that wave normal angles of all EMIC 
and H+-band EMIC waves are higher in the dawn sector 
but lower in the noon and dusk sectors, except for several 
bins with large angles in the dusk sector (Figure 4a and 



4b). The wave normal angles of He+-band EMIC waves 
are lower in the dawn sector compared with those the 
noon and dusk sectors (Figure 4c), which is different from 
the situation of the H+-band EMIC waves. The averaged 
normal angles of H+-band EMIC waves are generally 
more oblique than those of He+-band EMIC waves.  

 
Figure 3. Same format as Figure 2, but for the wave 
power spectral density distribution of EMIC waves.  
 

 
Figure 4. Same format as Figure 2, but for the wave 
normal angle distribution of EMIC waves.  
 
Polarization analysis is performed on all events. We 
divided the polarization into three types, i.e., linear 
(ellipticity, |ε| ≤ 0.1), left-hand (ε < -0.1) and right-hand 
(ε > 0.1). One should note that a 100% occurrence rate 
implies that all waves observed in that region were only 
one type polarized. Figures 5-7 illustrate the occurrence 
rates of left-hand, right-hand and linear polarized EMIC 
waves, respectively. The left-hand polarized occurrence 
rates of H+-band EMIC waves have an enhancement at the 
high L-shells (L > ~9) in the dusk and noon sectors 
(Figure 5a and 5b) where the occurrence rate is very low. 
All and H+-band EMIC waves in the occurrence peak 
regions have a small occurrence of left-hand polarization, 
less than 20%. There is no clear dependence of the 
occurrence of left-hand polarized He+-band EMIC waves 
on the MLT and L-shells (Figure 5c).  

 
Figure 5. Same format as Figure 2, but for the occurrence 
of left-hand polarized EMIC waves. 
 

 
Figure 6. Same format as Figure 2, but for the occurrence 
of right-hand polarized EMIC waves. 
 
The occurrences of right-hand polarized all and H+-band 
EMIC waves (Figure 6a and 6b) are higher than the ones 
of left-hand polarization except in the dawn and midnight 
sectors. The right-handed wave occurrence is ~ 35% in 
the regions of peak wave occurrence. Similar to the left-
hand polarized occurrence, the occurrence of right-hand 
polarized He+-band EMIC waves has no statistically 
significant dependence on MLT and L-shells (Figure 6c).  
 
Figure 7 illustrates that the linear waves occur 
predominantly in the dawn and midnight sector, and also 
have large occurrence (> ~ 30%) in the other regions 
(except several bins). In the peak occurrence region for all 
and H+-band EMIC waves, the linear polarized 
occurrences are ~ 50%. The linear polarized occurrences 
of He+-band EMIC waves also have some enhancements 
in the dusk sector.  
 
Thus, both linear and right-hand polarized waves 
observed a preference for the peak wave occurrence 
region, while linear polarized waves dominating outside 
of the regions of peak wave occurrence.  



 
Figure 7. Same format as Figure 2, but for the occurrence 
of linear polarized EMIC waves. 
 
4. Summary 
 
In summary, we reported the occurrence rates of EMIC 
waves and their wave properties in the Earth’s 
magnetosphere in MLT versus L-shells using 14 month 
period data from MMS. The main results are as follows: 
1) H+-band EMIC waves mostly occur in the higher L-
shells (L > 5) while He+-band EMIC waves are mostly 
observed in the lower L-shells (L < 6) with lower 
occurrence rate (<6%).   
2) Higher occurrence of H+-band EMIC waves was 
observed in the dayside than in the night-side with the 
highest peak of occurrence rate of H+-band EMIC waves 
in the post-noon sector (12:00-15:00 MLT and 5-8 L-
shells) and secondary peak in the dawn sector (8:00-08:30 
MLT and 7-8 L-shells). 
3) The wave power spectral density peaks in the post-
noon and pre-dusk sectors. The wave normal angles are 
largest in the dawn sector.  
4) Linear and right-hand polarized H+-band EMIC waves 
are mainly in the regions of peak occurrence, while linear 
polarized waves dominate outside of the regions of peak 
occurrence. Linear polarized He+-band EMIC waves have 
the maximum occurrence rate in the dawn sector.  
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