
We thank both reviewers for their careful reading of the manuscript and valuable comments for 
improvements. We have made point-by-point responses to the detailed comments by both 
reviewers indicated in the blue color, and included a new version of the manuscript with 
highlighted changes.  
 
Responses to Reviewer #1: 
 
Evaluation: 
The authors present and interesting and compelling study showing the modulation of hiss wave 
intensity and injected electron flux by ULF waves observed by Van Allen probe B near the dayside. 
The results provide important evidence that the hiss intensities observed were likely generated by 
local amplification in the outer plasmasphere. In contrast, the hiss emissions observed by Van 
Allen probe A, at lower L shells, were not associated with electron injections and were primarily 
modulated by plasma density. The Van Allen probe A measurements suggest that the hiss observed 
deep inside the plasmasphere may have propagated from higher L shells. This is a very good and 
comprehensive study and I have no hesitation in recommending it for publication in Annales 
Geophysicae. I have a small number of minor comments that the authors may wish to take into 
account when preparing the next draft of their paper. 
 
Reply: 
The authors would like to thank Reviewer #1 for the positive evaluation and helpful comments to 
improve the paper quality. We have made the following responses to the reviewer’s specific 
comments.  
 
Minor Comments: 
Line 49. The authors should consider including references to Meredith et al. [2007, 2009] who 
also demonstrated the importance of plasmaspheric hiss in the loss of energetic electrons in the 
plasmasphere 
References: 
Meredith, N.P., Horne, R. B., Glauert, S. A., & Anderson, R. R. (2007), Slot region electron loss 
timescales due to plasmaspheric hiss and lightning generated whistlers, Journal of Geophysical 
Research, 112, A08214, doi:10.1029/2006JA012413 
Meredith, N. P., Horne, R. B., Glauert, S. A., Baker, D. N., Kanekal, S. G., & Albert, J.M. (2009), 
Relativistic electron loss timescales in the slot region, Journal of Geophysical Research, 114, 
A03222, doi:10.1029/2008JA013889 
 
We thank the reviewer for the suggestion. We have added these two references in the manuscript 
(see Line 49 of the revised manuscript with highlighted changes). 
 
Line 200. Please explain in a little more detail why the modulation of the low energy electrons is 
highly relevant to the presence of ULF waves. 
 
We thank the reviewer for the suggestion. We have added the discussion in the manuscript (see 
Lines 209-212): 
 



“These low energy electrons may be accelerated by the ULF waves during the first half cycle and 
then decelerated so that there is no total energy gain. This mechanism was also demonstrated in 
the drift-resonance theory in which the peak electron fluxes should have a 180° energy shift 
[Southwood and Kivelson, 1981].” 



We thank both reviewers for their careful reading of the manuscript and valuable comments for 
improvements. We have made point-by-point responses to the detailed comments by both 
reviewers indicated in the blue color, and included a new version of the manuscript with 
highlighted changes.  
 
Responses to Reviewer #2: 
 
The results described on this manuscript are of relevance to the community and interesting. It 
provides evidence, coming from one event, where local amplification of hiss waves is likely as 
opposed to other sources such as chorus waves. The reasoning and the analysis done are sound and 
complete for the most part. The manuscript is also mostly well-written and clear. I have a few 
suggestions to help make the paper more clear and a few minor points that should be addressed. 
 
Reply: 
The authors would like to thank Reviewer #2 for the positive evaluation and helpful comments to 
improve the paper quality. We have made the following responses to the reviewer’s specific 
comments.  
 
Minor points: 
l. 149 – In the beginning of the paragraph, four parameters are mentioned (background, magnetic 
field, plasma density, electron flux and electron pitch-angle anisotropy) and after discarding one 
of them, you continue to talk about “these two effects” meaning the plasma density and the electron 
flux in figure 2, but not the anisotropy. Why is the anisotropy being dropped from the subsequent 
analysis? Maybe the analysis should be done and briefly described, even if the results are not 
interesting or a justification for not doing the analysis should be given. 
 
We thank the reviewer for this comment. We have added a panel (e) to Figure 2 which shows the 
comparison between the filtered hiss wave intensity and the filtered electron pitch angle anisotropy. 
It demonstrates some correlations but not as high as that between electron flux and wave intensity. 
Thus, we suggest that the variation of pitch angle anisotropy plays a minor role. We have added 
this point in the manuscript (see Lines 173-178 of the revised manuscript with highlighted 
changes). 
 
l. 195 – It is possible to estimate (using a dipole) the drift frequency of the electrons at this energy 
of 466keV, does it match with the ULF frequency measured by the azimuthal component of the 
electric field? In other words, are the electrons at these energies in drift resonance with these waves? 
Doing a calculation (which should be double-checked) of the drift period found on Roederer’s 
book, I found the period for this energy to be 21 minutes. If this is not a drift resonance effect, why 
is the flux being modulated? Perhaps, it is more related to the plasmasheet population that was 
freshly injected, but some sort of reasoning should be given for the correlation between ULF waves 
and oscillations of low-energy electron fluxes. 
 
We thank the reviewer for this comment. We suggest that the electrons at energy of 466keV could 
be in drift resonance with the ULF waves, since they have a similar frequency and the flux at 
466keV is 180° out-of-phase with the Ey component of the ULF waves. But at lower energies, 
which is the energy range of electrons that can generate the observed hiss intensity, the electrons 



are not in resonance with ULF waves. These electrons may be accelerated through non-resonant 
acceleration. For example, these electrons may be accelerated by the ULF waves during the first 
half cycle and then decelerated so that there is no total energy gain. This mechanism was also 
illustrated in the drift-resonance theory in which the peak electron fluxes should have a 180° 
energy shift. Following the reviewer’s comment, we made the corresponding changes in the 
manuscript (see Lines 209-212). 
 
 
Clarifications: 
In the sentence starting in line 73, it is not clear if you are saying that low frequency hiss causes 
more changes to the electron pitch angle distribution than normal hiss or if it just causes some 
changes in the electron pitch angle distribution. 
 
We thank the reviewer for this comment. We meant to state that the low frequency hiss tends to 
increase the loss rate of energetic electrons (from ~50 keV to a few MeV) due to its stronger pitch 
angle scattering rates compared to the normal hiss. We have changed this sentence (see Lines 73-
76): 
 
“The low frequency hiss was demonstrated to cause more efficient loss of high energy electrons 
(from ~50 keV to a few MeV) due to its stronger pitch angle scattering rates compared to normal 
hiss [Ni et al., 2014; Li et al., 2015a].” 
 
l.87 – “...energetic electrons can be modulated by ULF wave”. Here and in other parts of the 
introduction, I assume you mean flux modulation, but it should be clarified. 
 
We thank the reviewer for this suggestion. The reviewer is correct that we mean “flux modulation”. 
We have made the corresponding changes throughout the manuscript. 
 
l. 98 – Here and throughout the text you mention electron anisotropy. Again, I assume you mean 
the pitch angle anisotropy, but it should be clarified, because others unfamiliar with this specific 
topic may think you are referring to temperature anisotropy or pressure anisotropy. 
 
We thank the reviewer for this suggestion. The reviewer is correct that we mean “pitch angle 
anisotropy”. We have revised the manuscript accordingly. 
 
l.131 – It should be noted that the modulation is not very clear, specially without the guiding 
vertical lines, in the electron pitch angle anisotropy (Figure 1h). I can see some oscillations, but 
not with the period of 6 minutes as claimed here. I think the panel should be kept for reference but 
the description of the modulation should be different from the description of the electron flux 
(Figure 1g). 
 
We thank the reviewer for this suggestion. We have modified the sentence to clarify this point (see 
Lines 132-134): 
 



“The spin averaged electron flux (Figure 1g) exhibited modulations with a period of about 6 
minutes. There is also a variation of the electron pitch angle anisotropy (Figure 1h) although it is 
not as clear as the modulations of electron flux.” 
 
In addition, we added a new panel in Figure 2e to discuss the correlation between hiss wave 
intensity and electron pitch angle anisotropy more specifically. 
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Abstract 31 

      Plasmaspheric hiss was observed by Van Allen Probe B in association with energetic 32 

electron injections in the outer plasmasphere. The energy of injected electrons coincides 33 

with the minimum resonant energy calculated for the observed hiss wave frequency. 34 

Interestingly, the variations of hiss wave intensity, electron flux, and ULF wave intensity 35 

exhibit remarkable correlations, while plasma density is not correlated with any of these 36 

parameters. Our study provides direct evidence for the first time that the injected 37 

anisotropic electron population, which is modulated by ULF waves, modulates the hiss 38 

intensity in the outer plasmasphere. This also implies that plasmaspheric hiss observed by 39 

Van Allen Probe B in the outer plasmasphere (L > ~5.5) is locally amplified. Meanwhile, 40 

Van Allen Probe A observed hiss emission at lower L shells (< 5), which was not associated 41 

with electron injections but primarily modulated by the plasma density. The features 42 

observed by Van Allen Probe A suggest that the observed hiss deep inside the plasmasphere 43 

may have propagated from higher L shells.  44 

 45 

1. Introduction 46 

Plasmaspheric hiss plays an important role in the loss of energetic electrons within the 47 

plasmasphere and in high-density plumes [Lyons et al., 1972; Lyons and Thorne, 1973; 48 

Albert, 2005; Meredith et al., 2007, 2009; Summers et al., 2008; Ni et al., 2013; Breneman 49 

et al., 2015; Li et al., 2015a; Ma et al., 2016]. However, the generation mechanisms of 50 

plasmaspheric hiss remain under active research. Three mechanisms have received the 51 
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most intense attention to explain the generation of plasmaspheric hiss, including in situ 52 

growth of waves [Thorne et al., 1979; Church and Thorne, 1983], lightning generated 53 

whistlers [Green et al., 2005], and whistler mode chorus waves as an “embryonic source” 54 

[Bortnik et al. 2008, 2009; Chen et al. 2012a, 2012b]. Although wave power above 2–3 55 

kHz from lightning-generated whistlers shows some correlation with hiss waves [Green et 56 

al., 2005], the waves below 1 kHz, which contain the majority of hiss wave power, are 57 

independent of lightning flash rate [Meredith et al., 2006]. The in situ growth of waves 58 

inside the plasmasphere was shown to be inadequate to account for the observational level 59 

(~20 dB) [Huang et al., 1983]; in response, Church and Thorne [1983] suggested that an 60 

“embryonic source” is required to lead to the observed wave intensity. Recent studies based 61 

on ray tracing simulation [Bortnik et al., 2008] have demonstrated that chorus waves from 62 

the distant magnetosphere can propagate into the plasmasphere and act as an embryonic 63 

source for the hiss wave generation. Furthermore, ray tracing simulations [Chen et al., 64 

2012a] suggested that the majority of hiss formation is caused by chorus emission 65 

originating within ~3 RE from the plasmapause. This model has successfully explained the 66 

observed frequency spectrum and spatial distribution of the observed hiss over the typical 67 

hiss frequency range from 100 Hz to several kHz. A number of observational studies 68 

[Bortnik et al., 2009; Wang et al., 2011; Meredith et al. 2013; Li et al., 2015b] have shown 69 

good correlations between chorus and plasmaspheric hiss and suggested that chorus plays 70 

an important role in hiss wave intensification. 71 
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Van Allen Probes recently detected unusually low frequency hiss emissions with wave 72 

power extending well below 100 Hz [Li et al., 2013]. The low frequency hiss was 73 

demonstrated to cause more efficient loss of high energy electrons (from ~50 keV to a few 74 

MeV) due to its stronger pitch angle scattering rates compared to normal hiss [Ni et al., 75 

2014; Li et al., 2015a]. Such low frequency hiss is unlikely to be a result of propagation of 76 

chorus waves from a more distant region because embryonic chorus waves at the same 77 

frequency [Bortnik et al., 2008] would need to originate from unrealistically high L shells 78 

[Li et al., 2015b]. Therefore, these low frequency hiss waves were suggested to be 79 

generated in the outer plasmasphere on the dayside through local amplification [Li et al., 80 

2013; Chen et al., 2014; Shi et al., 2017].  81 

Hiss intensity modulation is often driven by the variation of background plasma 82 

density either through local amplification or wave propagation [Chen et al., 2012c], and 83 

the modulation of hiss by other factors may easily be suppressed by the effect of the plasma 84 

density. Therefore, observations showing direct correlation between hiss emission and 85 

electron flux are still very limited. In fact, electron fluxes of energetic electrons (tens to 86 

hundreds of keV) can be modulated by Ultra Low Frequency (ULF) waves. A typical 87 

modulation is caused by drift-resonance [Southwood and Kivelson, 1981]. Zong et al. 88 

[2009] showed an interesting event of energetic electron modulation by shock induced ULF 89 

waves. More recently, Claudepierre et al. [2013] presented observations of electron drift 90 

resonance with the fundamental poloidal mode of ULF waves based on Van Allen Probes 91 

measurements. The energy dependence of the amplitude and phase of the electron flux 92 
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modulations provided strong evidence for such an interaction. The peak electron flux 93 

modulations occurred over 5-6 wave cycles at energies ~ 60 keV. The drift-resonance 94 

between electrons and ULF waves has been extensively studied both theoretically and 95 

observationally based on Van Allen Probes data [Dai et al., 2013; Hao et al., 2014; Chen 96 

et al., 2016; Zhou et al., 2015, 2016; Li et al., 2017]. Such modulation of energetic electrons 97 

may modulate hiss emissions by varying the electron flux and pitch angle anisotropy, which 98 

could potentially affect the local growth rates of hiss waves, but the observational evidence 99 

has not been reported yet. In this study, we report on a modulation of hiss wave intensity 100 

and injected electron flux due to ULF waves observed by Van Allen Probe B near the 101 

dayside, providing clear evidence that the hiss emission was generated through local 102 

amplification in the outer plasmasphere.  103 

 104 

2. Data and Methodology 105 

The Van Allen Probes comprise two identical spacecraft (Probes A and B) in near-106 

equatorial orbits with an altitude of ∼600 km at perigee and geocentric distance of ~5.8 RE 107 

at apogee [Mauk et al., 2012]. The Electric and Magnetic Field Instrument Suite and 108 

Integrated Science (EMFISIS) suite on Van Allen Probes A and B includes a magnetometer 109 

and a Waves instrument [Kletzing et al., 2013]. The DC magnetic field is measured by the 110 

magnetometer, and the survey mode of Waveform Receiver (WFR) provides the power 111 

spectral density from 10 Hz to 12 kHz at 6 s time resolution. Plasma density can be either 112 

calculated based on the upper hybrid resonance frequency extracted from the High 113 
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Frequency Receiver (HFR) data [Kurth et al., 2015] or be inferred from the spacecraft 114 

potential measured by the Electric Field and Waves (EFW) instrument [Wygant et al., 115 

2013]. We inferred plasma density profiles based on the measurements from both 116 

instruments in the present study to obtain accurate plasma density values with high time 117 

resolution. High resolution electron flux measurements over the energy range of ~30 keV 118 

to 4 MeV are provided by the Magnetic Electron Ion Spectrometer (MagEIS) instrument 119 

[Blake et al., 2013; Spence et al., 2013]. We used the level 3 MagEIS dataset which 120 

includes particle pitch angle distribution in this study to evaluate the electron distribution 121 

responsible for the hiss wave generation.  122 

 123 

3. Observational Results 124 

A hiss intensification event modulated by electron injection was observed by Van 125 

Allen Probe B during ~20-22 UT on 12 January 2014, as shown in Figure 1. The satellite 126 

was located on the dayside and remained inside the plasmasphere, indicated by the high 127 

plasma density (Figure 1f). The main power of the hiss emission (Figures 1b and 1c) 128 

resided below the lower hybrid resonance frequency (white dash-dotted line in Figure 1b) 129 

and 100 Hz (white dashed line in Figure 1c) and intensified following the increase in the 130 

AE index (Figure 1a). Figure 1e presents the magnitude of the background magnetic field. 131 

The spin averaged electron flux (Figure 1g) exhibited modulations with a period of about 132 

6 minutes. There is also a variation in the electron pitch angle anisotropy (Figure 1h) 133 

although it is not as clear as the modulations of electron flux. The electron anisotropy is 134 
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calculated based on Chen et al. [1999]. The black lines in Figures 1g and 1h show the 135 

calculated minimum electron resonant energy for the first-order cyclotron resonance with 136 

parallel-propagating right-hand polarized waves at a frequency of 40 Hz (magenta line in 137 

Figure 1b). As shown in Figure 1g, the minimum resonant energy captures the main energy 138 

of injected electrons. Figure 1i shows the electron pitch angle distribution at 54 keV which 139 

exhibits a pronounced modulation. The vertical dashed lines present the minima of the 140 

electron fluxes at 54 keV. Figure 1d illustrates the convective linear growth rates for 141 

parallel-propagating whistler mode waves that were calculated using the electron 142 

distribution measured by MagEIS based on the equations of Summers et al. [2009]. The 143 

modulation of linear growth rate appears to correlate well with the observed hiss wave 144 

spectral intensity with a period of several minutes.  145 

 Changes in the background magnetic field, plasma density and the injected electron 146 

distribution (flux and pitch angle anisotropy of resonant electrons) could potentially be 147 

responsible for the hiss wave growth. Since the variation of the background magnetic field 148 

is small (~ 4 nT) compared to the median value (~ 150 nT), the effect of background 149 

magnetic field on the wave growth rate is likely to be insignificant compared to the effects 150 

of plasma density and electron injection. To distinguish the roles of these two effects in the 151 

local wave amplification, we compared the hiss wave amplitude with spin averaged 152 

electron flux and plasma density. The hiss wave amplitude integrated from 20 Hz to 1000 153 

Hz is shown in Figure 2a. Figure 2b presents the spin averaged electron flux integrated 154 
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over the energy range from 30 keV to 200 keV. The vertical dashed lines in Figure 2 depict 155 

the same times as in Figure 1.  156 

Figure 2c shows the comparison between the filtered electron flux (black) over 1.5 157 

mHz - 4 mHz and the filtered hiss wave intensity (blue) over 1.5 mHz - 4 mHz. It suggests 158 

that the hiss intensity is well correlated with the variation of the electron flux. The 159 

correlation coefficient between the filtered electron flux and the filtered hiss wave intensity 160 

in the time period from 20:00 UT to 22:00 UT is 0.841. The satellite was located at a 161 

magnetic latitude of -1.3°~-2.0°, which was near the source region where local wave 162 

amplification typically occurs, and this is probably why hiss intensity and electron flux 163 

exhibit a remarkable correlation. 164 

In the present hiss modulation event, the filtered background plasma density (green 165 

line in Figure 2d) is not well correlated with the filtered wave intensity (with a correlation 166 

coefficient of 0.105), especially during the period from 20:45 UT to 21:40 UT. This 167 

suggests that the variation of plasma density plays an insignificant role in the modulation 168 

of hiss wave intensity during this event. To investigate the sole effect of density on hiss 169 

intensity, we also calculated the correlation coefficient between the non-filtered hiss wave 170 

intensity and non-filtered the plasma density which even shows a slight anti-correlation 171 

with a coefficient of ~ -0.483.  172 

The comparison between the filtered electron pitch angle anisotropy at 54 keV and 173 

filtered wave intensity is shown in Figure 2e. Although a correlation coefficient of 0.378 174 

indicates a certain correlation between these two parameters, it is much lower than the 175 
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correlation between the hiss wave intensity and electron flux (0.841). Therefore, we 176 

suggest that the variation of electron pitch angle anisotropy play a less important role in 177 

hiss intensity modulation compared to the variation of electron flux.  178 

The electron flux variation observed by Van Allen Probe B may be caused by ULF 179 

wave modulation since they have similar time periods. Figure 3 shows the variation of 180 

electron fluxes at different energy channels observed by both Van Allen Probe A (a) and 181 

Van Allen Probe B (b). At ~19:30UT, both probes, especially Van Allen Probe B observed 182 

intense electron injections. Between 20:00 and 22:00 UT, the energetic electron fluxes 183 

observed by Probe B are modulated at most energy channels, with a time period of several 184 

minutes in the same frequency range as typical ULF waves (Pc4-5).  185 

Figure 4 is the summary of the Pc4-5 ULF waves from Van Allen Probe B during the 186 

time interval of interest (20:00–22:00 UT). Dynamic spectrograms of the ULF wave 187 

powers are shown for the three components of the magnetic field (in the mean field-aligned, 188 

geocentric solar magnetospheric (GSM) coordinates) along with the y component of the 189 

electric field in modified geocentric solar elliptic (MGSE) coordinate. Band-pass filtered 190 

time series (1.5-4 mHz) are shown below for each dynamic spectrogram. The parallel 191 

magnetic field (Bpara) and y component electric field in MGSE coordinate (Ey) have a 192 

similar frequency peak at ~2.6 mHz. The wave spectra of the Ey and Bpara components 193 

suggest that the compressional mode and shear mode are likely coupled. 194 

The correlation of the ULF waves and the energetic electron fluxes at different energy 195 

channels is shown in Figure 5. Figure 5a illustrates the filtered Ey component of the electric 196 
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field between 1.5 and 4 mHz. Since Van Allen Probe B is near noon, the Ey component 197 

approximately represents the electric field in the azimuthal direction.  Band-pass filtered 198 

electron fluxes normalized by unperturbed levels at different energy channels are shown in 199 

Figure 5b. The vertical black lines indicate the minima of the Ey component. The electron 200 

fluxes at various energies show a modulation period which is very similar to that of Ey. 201 

Besides, these fluxes exhibit an energy-dependent phase shift with respect to Ey. The phase 202 

of the electron flux oscillations with respect to Ey is closest to 180° out-of-phase at ~ 466 203 

keV. At lower energies, the phase of peak electron fluxes relative to the Ey minimum varies 204 

but is not 180° out-of-phase. For the observed modulating hiss, the minimum resonant 205 

energy is tens of keV (Figure 1), and thus the electron flux at energy below 100 keV plays 206 

a dominant role in hiss amplification. Although these low energy electrons (30–100 keV) 207 

are not exactly in drift resonance with the observed ULF waves, their modulation is highly 208 

relevant to the presence of ULF waves. These low energy electrons may be accelerated by 209 

the ULF waves during the first half cycle and then decelerated so that there is no total 210 

energy gain. This mechanism was also demonstrated in the drift-resonance theory in which 211 

the peak electron fluxes should have a 180° energy shift [Southwood and Kivelson, 1981]. 212 

Meanwhile, Van Allen Probe A detected hiss emissions in a similar frequency range 213 

as shown in Figure 6. During this time period, Van Allen Probe A was located at lower L 214 

shells (2.6 < L < 5.3) and later MLTs (14.9 < MLT < 18.0). The hiss intensity also exhibited 215 

modulation in electric and magnetic field, as shown in Figures 6b and 6c, respectively. 216 

However, different from the observation by Probe B, the hiss intensity is dominantly 217 



12	
	

modulated by the variation of the plasma density. Figure 6d shows the density profile 218 

obtained from EMFISIS (black) and EFW (red). Examples of evident modulations by 219 

variation of plasma density are highlighted with grey blocks. According to ray tracing 220 

simulation [Chen et al., 2012c], the hiss waves tend to propagate to the region with higher 221 

density resulting in higher wave intensity. Figures 6e and 6f show the spin averaged 222 

electron flux and pitch angle anisotropy based on MagEIS data and the white lines are the 223 

minimum resonant energy corresponding to a frequency of 40 Hz (Figure 6b). There is no 224 

clear correlation between the hiss intensity and electron flux, suggesting that the 225 

modulations are mainly caused by the plasma density variation. We also calculated the 226 

convective linear growth rates for parallel-propagating whistler mode waves as shown in 227 

Figure 6g. The growth rate profile shows little correlation with that of the observed hiss 228 

intensity, indicating that these waves are not locally excited.  229 

Figure 7 illustrates the comparison of hiss wave frequency spectra observed by Van 230 

Allen Probes A (Figures 7a-7b) and B (Figures 7c-7d). At the beginning of the emission 231 

around 20:20 UT, the hiss wave intensity as a function of frequency observed by Van Allen 232 

Probe A presents a minimum at ~200 Hz (indicated by the white arrows in Figures 7a and 233 

7b). This feature is similar to the observation by Van Allen Probe B (Figures 7c and 7d), 234 

where the modulation of hiss wave power below 100 Hz is correlated with the calculated 235 

wave growth rate (Figure 1d) based on the observed electron distribution. The hiss wave 236 

frequency spectra and structures observed by Probe A are similar to those observed by 237 

Probe B, but the energy spectra of energetic electrons are significantly different. Therefore, 238 
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the hiss emission observed by Probe A may be the result of wave propagation from the 239 

source region in the outer plasmasphere and further modulated by the local plasma density 240 

variation. 241 

 242 

4. Summary and Discussion 243 

We report clear evidence of local amplification of plasmaspheric hiss observed by Van 244 

Allen Probe B in the postnoon sector of the outer plasmapshere. The minimum resonance 245 

energy calculated for the observed hiss wave frequency is consistent with the energy of 246 

injected electrons. The hiss wave intensity was modulated by the injected energetic 247 

electrons, which were modulated by ULF waves. In the meantime, Van Allen Probe A also 248 

observed similar hiss emissions at lower L shells, which is probably due to the propagation 249 

from the source region in the outer plasmasphere. Different from the observation by Probe 250 

B, the hiss wave intensity observed by Probe A is predominantly affected by the 251 

background plasma density. The modulation of hiss intensity by plasma density could be 252 

due to the effect of ray focusing at high-density region during propagation [Chen et al., 253 

2012c].  254 

Figure 8 summarizes the processes discussed in this study. The injected energetic 255 

electrons with energies of tens to hundreds of keV drift from the nightside to the dayside 256 

in the outer plasmasphere. Simultaneously, the ULF waves modulate the energetic electron 257 

fluxes. The modulated energetic electrons then lead to the modulation of the hiss intensity 258 

via local amplification. These features were all well captured by Van Allen Probe B. During 259 
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the same time period, Probe A at a later MLT and lower L shell observed hiss emissions 260 

which may originate from the source region in the outer plasmasphere.  261 

Chorus waves which are intense coherent electromagnetic emissions exhibiting discrete 262 

rising or falling tones are believed to be generated through cyclotron resonance with 263 

anisotropic electrons [Kennel and Petschek, 1966; Anderson and Maeda, 1977; Meredith 264 

et al., 2001; Li et al., 2009]. It has been shown that ULF waves can modulate chorus 265 

intensity by modulating the background magnetic field and/or plasma density which affect 266 

the number of energetic electrons resonant with chorus waves [Li et al., 2011]. Besides, the 267 

ULF wave-induced modulation of chorus could have an impact on electron precipitation 268 

leading to pulsating aurora [Jaynes et al., 2015]. Similar modulations may also be captured 269 

in hiss wave intensity if hiss is locally amplified. However, different from chorus, 270 

plasmaspheric hiss waves are commonly known to be structureless [Thorne et al., 1973] 271 

and wave propagation is believed to be important for the measured hiss wave 272 

intensification [Bortnik et al., 2008, 2009; Chen et al., 2014]. The hiss wave intensity is 273 

typically modulated by the variation of the background plasma density [Chen et al., 2012c]. 274 

Nonetheless, our study showed the first evidence of the hiss wave modulation caused by 275 

modulated injected electrons due to ULF waves, clearly indicating that the hiss is locally 276 

amplified in the outer plasmasphere. It also provides an interesting link between the ULF 277 

waves and hiss waves which are in two distinct frequency ranges but both play important 278 

roles in radiation belt electron dynamics.  279 

 280 
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Figure Captions 447 

Figure 1. Plasmaspheric hiss modulation caused by injected electrons observed by Van 448 

Allen Probe B from 20:00 UT to 22:00 UT on January 12, 2014. (a) AE index; frequency-449 

time spectrogram of (b) wave electric field and (c) wave magnetic field spectral density in 450 

the WFR channel; (d) frequency spectrum of convective linear wave growth rates; (e) 451 

background magnetic field intensity; (f) calibrated plasma density based on EFW and 452 

EMFISIS; (g) spin-averaged electron flux measured by MagEIS; (h) electron pitch angle 453 

anisotropy; (i) pitch angle distribution of electrons at 54 keV. The white dash-dotted line 454 

in Figure 1b represents the lower hybrid resonance frequency (fLHR). The magenta line in 455 

Figure 1b indicates 40 Hz. The white dashed line in Figure 1c indicates 100 Hz. The black 456 

lines in Figures 1g and 1h represent the minimum resonant energy of electrons interacting 457 

with the waves at 40 Hz. The dashed vertical lines mark the modulation of the electron flux 458 

at 54 keV (Figure 1i). 459 

Figure 2. (a) Integrated hiss intensity from 20 Hz to 1000 Hz; (b) integrated spin-averaged 460 

electron flux from 30 keV to 200 keV; (c) filtered integrated electron number flux (black) 461 

and filtered magnetic wave intensity of hiss (blue); (d) filtered plasma density (green) and 462 

filtered magnetic wave intensity of hiss (blue); (e) filtered pitch angle anisotropy (red) and 463 

filtered magnetic wave intensity of hiss (blue). The vertical dashed lines depict the same 464 

times as those in Figure 1. 465 

Figure 3. Variation of electron fluxes at different energies observed by Van Allen Probe 466 

A (a) and Van Allen Probe B (b). In Figure 3b, the modulation of electron fluxes was 467 
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observed by Van Allen Probe B between 20:00:00 and 22:00:00 UT in association with 468 

ULF waves, and the dispersed electron injection was observed at ~19:30:00 UT. 469 

Figure 4. Summary of the Pc4-5 ULF wave frequency spectra from Van Allen Probe B 470 

during the time interval of interest (20:00-22:00 UT). Dynamic spectrograms are shown 471 

for the three components of the magnetic field (in the mean field-aligned, GSM coordinates) 472 

along with the y component of the electric field in MGSE coordinate. Band-pass filtered 473 

time series (1.5 - 4 mHz) are shown below for each dynamic spectrogram. The black dashed 474 

lines indicate the frequency at ~2.6 mHz. 475 

Figure 5. The correlation of the filtered (1.5 - 4 mHz) Ey component of ULF waves (a) and 476 

the energetic electron fluxes at different energy channels (b). The electron fluxes show the 477 

modulation in the similar period to that of Ey, but exhibit an energy-dependent phase shift 478 

with respect to Ey. 479 

Figure 6. The observation of waves and electron fluxes by Van Allen Probe A during the 480 

same period as that in Figure 1. a) AE index; (b) frequency-time spectrogram of wave 481 

electric field and (c) wave magnetic spectral density in the WFR channel; (d) plasma 482 

density obtained by EFW (red) and EMFISIS (black); (e) spin-averaged electron flux 483 

measured by MagEIS; (f) electron pitch angle anisotropy; (g) convective wave growth rates. 484 

Grey block areas indicate the intervals of hiss modulation by variation of plasma density. 485 

The magenta line in Figure 6b indicates 40 Hz. The black dashed line in Figure 6c indicates 486 

100 Hz. The white lines in Figures 6e and 6f represent the minimum resonant energy of 487 

electrons for the waves at 40 Hz. 488 
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Figure 7. The wave electric (a) and magnetic (b) spectral density observed by Van Allen 489 

Probe A and the wave electric (c) and magnetic (d) spectral density from Van Allen Probe 490 

B. Note that at the beginning of the emissions around 20:20 UT, the hiss wave intensity as 491 

a function of frequency presents a minimum at ~200 Hz (white arrows) for the observations 492 

from both Van Allen Probes A and B. 493 

Figure 8. A cartoon showing energetic electron trajectory (green), ULF waves (pink) and 494 

hiss intensity modulation (blue). Injected electrons from the nightside drift to the postnoon 495 

sector (green arrow) in the outer plasmasphere where they provide a source of free energy 496 

for hiss wave generation in the outer plasmasphere. During the period of electron injection, 497 

electrons are modulated by ULF waves (magenta), which lead to the modulation of hiss 498 

wave amplification (blue), as observed by Van Allen Probe B. The hiss waves are probably 499 

generated in the outer plasmasphere, and then propagate into lower L shells, as observed 500 

by Van Allen Probe A.  501 
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