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Abstract. We report an attenuation of hiss wave intensity in the duskside of outer plasmasphere in response to enhanced 15 

convection and substorm based on Van Allen Probes observations. Using test particle codes, we simulate the dynamics of 16 

energetic electron fluxes based on a realistic magnetospheric electric field model driven by solar wind and subauroral 17 

polarization stream. We suggest that the enhanced magnetospheric electric field causes the outward and sunward motion of 18 

energetic electrons, corresponding to the decrease of energetic electron fluxes on the duskside, leading to the subsequent 19 

attenuation of hiss wave intensity. The results indicate that the enhanced electric field can significantly change the energetic 20 

electron distributions, which provide free energy for hiss wave amplification. This new finding is critical for understanding 21 

the generation of plasmaspheric hiss and its response to solar wind and substorm activity. 22 

1 Introduction 23 

Plasmaspheric hiss is a structureless, extremely low frequency (ELF) whistler mode wave that is found primarily in the 24 

plasmasphere (Russell et al., 1969; Thorne et al., 1973) and plasmaspheric plumes (Chan and Holzer, 1976; Parrot and Lefeuvre, 25 

1986; Shi et al., 2019; Yuan et al., 2012). Hiss waves are broadband emissions with frequencies typically between 100 Hz and 26 

2 kHz (Meredith et al., 2004; Thorne et al., 1973). However, recent studies indicate that hiss wave frequencies can extend 27 

below 100 Hz during strong substorm activities (W. Li et al., 2013, 2015a; H. Li et al., 2015; Ni et al., 2014). Hiss waves can 28 

scatter energetic electrons into the loss cone, thereby playing an important role in energetic electron dynamics in the radiation 29 

belt (Ma et al., 2016; Meredith et al., 2006, 2007, 2009; Su et al., 2011; Thorne et al., 2013). The mechanism of hiss wave 30 

generation is still under active research. Two main generation mechanisms have been proposed: (1) external origination: 31 

propagation effects of the whistler-mode chorus from the plasmatrough (Bortnik et al., 2008, 2009; W. Li et al., 2015b; Su et 32 
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al., 2015) or lightning generated whistler (Draganov et al., 1992; Green et al., 2005); (2) internal generation: excitation due to 33 

local electron cyclotron resonance instability inside the plasmasphere or plasmaspheric plume (Chen et al., 2014; Su et al., 34 

2018; Summers et al., 2014; Thorne et al., 1979). Shi et al. (2019) suggest that the hiss waves in the outer plasmasphere tend 35 

to be locally amplified, whereas the hiss waves at the lower L shells may propagate from higher L shells. The Poynting flux of 36 

hiss directed away from the equator provides evidence of internal local generation of hiss waves (He et al., 2019; Kletzing et 37 

al., 2014; Laakso et al., 2015; Su et al., 2018). In contrast, the bidirectional Poynting flux of hiss waves implies that local 38 

electron instability is relatively weak and the observed hiss waves mainly originate from chorus waves (Liu et al., 2017a, 39 

2017b). 40 

A large-scale dawn-dusk convection electric field is produced in the inner magnetosphere due to the motional solar wind 41 

electric field (𝑬𝑆𝑊 = −𝑽 × 𝑩), where V is the solar wind velocity and B is the interplanetary magnetic field (Lei et al., 1981). 42 

Since the 𝑬𝑆𝑊  is mapped along the geomagnetic field lines and penetrates into the magnetosphere (Huang et al., 2006; 43 

Toffoletto and Hill, 1989), Goldstein et al. (2005a) suggest that the electric field at the plasmapause was approximately 13% 44 

of 𝐸𝑆𝑊 . Besides the global contribution of 𝐸𝑆𝑊 , the ionospheric subauroral polarization stream (SAPS) is potentially an 45 

important contributor to the magnetospheric electric field near the duskside (Goldstein et al., 2003, 2005a, 2005b). The SAPS 46 

is the westward flow located at ~3-5° of magnetic latitude below the auroral oval near the duskside. The ionospheric SAPS 47 

electric field can be mapped to the magnetic equatorial plane as radial electric fields. In general, the SAPS is related to the 48 

substorm and intensifies within ~10 min after the substorm onset (Mishin et al., 2005). It has been known that the dawn-dusk 49 

convection electric field plays an important role in the motions of charged particles through the E×B drift, especially during 50 

strong geomagnetic activity (Burch, 1977; Ejiri, 1978; Frank, 1975). Using an improved electric field model driven by 𝑬𝑆𝑊 51 

and SAPS, Goldstein et al. (2003) simulated the evolution of plasmapause location, which is found to be very similar to the 52 

plasmapause produced by the IMAGE extreme ultraviolet imager.  53 

In this paper, we report an interesting event where plasmaspheric hiss intensity decreased associated with the enhanced 54 

convection and substorm activity on 27 August 2013. Using test particle simulations based on the realistic electric field model, 55 

we provide direct evidence that enhanced magnetospheric electric field can contribute to the attenuation of hiss wave intensity 56 

on the duskside. 57 

2 Satellite data 58 

The twin Van Allen Probes with perigee and apogee of about 1.1 and 5.8 RE measure both hiss waves and energetic electron 59 

fluxes (Mauk et al., 2012). In this study, data from the Electric and Magnetic Field Instrument Suite and Integrated Science 60 

(EMFISIS) instrument are utilized to measure hiss waves (Kletzing et al., 2013), and the data from Electric Fields and Waves 61 

(EFW) instrument are utilized to measure electric fields (Wygant et al., 2013).  Moreover, we use the data from Magnetic 62 

Electron Ion Spectrometer (MagEIS) and Helium Oxygen Proton Electron (HOPE) to analyze in situ energetic electron 63 

distributions (Blake et al., 2013; Funsten et al., 2013; Spence et al., 2013).  64 
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The Defense Meteorological Satellite Program (DMSP) satellites orbit around the Earth at an altitude of about 850 km and 65 

measure the ion drift velocities in both horizontal and vertical directions perpendicular to the satellite orbit (Rich and Hairston, 66 

1994). In this study, the data of DMSP F17 are used to identify the SAPS event. Furthermore, we use the 1-min resolution 67 

OMNI data to analyze the solar wind parameters including the interplanetary magnetic field (IMF).   68 

3 Event overview 69 

Figure 1 shows the overview of solar wind parameters and geomagnetic indices for the event which occurred from 14:30 UT 70 

to 17:40 UT on 27 August 2013. Following the enhanced southward IMF (Figure 1a), 𝐸𝑆𝑊 (Figure 1e) evidently increased at 71 

~15:53 UT and reached >2mV/m after 16:30 UT. As shown by AL and SYM-H indices (Figures 1f and 1g), the strong 72 

southward IMF triggered a substorm, which occurred during the initial and main phases of a geomagnetic storm. Since the 73 

large scale magnetospheric dawn-dusk convection electric field is produced mainly due to the penetration of 𝐸𝑆𝑊 (Huang et 74 

al., 2006; Lei et al., 1981; Toffoletto and Hill, 1989), magnetospheric electric field is also expected to be enhanced during this 75 

time interval.  76 

Figures 2a-2g show the observation of Van Allen Probe A from 14:00 UT to 16:30 UT. The measurement of total electron 77 

density (Figure 2a) with a high value (> 60 cm-3) before 16:20 UT implies that the Van Allen Probe A was inside the duskside 78 

plasmasphere during this time interval. Strong plasmaspheric hiss waves (Figures 2b-2e) were observed over 14:00-16:30 UT, 79 

together with magnetosonic waves (MS) at low frequencies (below 90 Hz), whose ellipticity is close to zero and wave normal 80 

angle is close to 90°. Figure 2e illustrates the angle between Poynting flux and ambient magnetic field. Here, 0° (180°) indicates 81 

that the Poynting flux is parallel (antiparallel) to the magnetic field. Interestingly, the plasmaspheric hiss waves at different L 82 

shells reveal different characteristics. At lower L shells (L < 4.6), the Poynting flux of hiss waves is mostly bidirectional, which 83 

implies that the observed hiss waves may have mainly originated from the chorus waves outside the plasmasphere and 84 

experienced multiple reflections inside the plasmasphere (Bortnik et al., 2008, 2009; Liu et al., 2017a, 2017b). However, at 85 

higher L shells (L > 4.6), the Poynting flux is mostly directed away from the equator, the ellipticity of hiss is extremely high 86 

(> 0.9), and wave normal angles are very small (< 15o). All these features imply that the hiss waves at higher L shells are likely 87 

locally amplified near the equatorial region (He et al., 2019; Kletzing et al., 2014; Laakso et al., 2015; Su et al., 2018).  88 

The energetic electron fluxes in different energies measured by MagEIS (> ~30 keV) and HOPE (11 keV-30 keV) are merged 89 

and presented in Figure 2f. The electron minimum cyclotron resonant energies for the lower cutoff frequency of plasmaspheric 90 

hiss (marked by the black solid curves in Figures 2b-2e) are calculated and presented as the white curve in Figure 2f. The 91 

electron minimum cyclotron resonant energy agrees well with the measured electron energies at higher L shells. Using 92 

measured electron pitch angle distribution and plasma parameters, we calculate the convective linear growth rates for parallel-93 

propagating whistler-modes waves with various frequencies (Kennel and Petschek et al., 1966; Summers et al., 2009). The 94 

linear wave growth rate (Figure 2g) shows positive values at higher L shells (> 4.6), and the frequency range of high positive 95 

growth rate agrees fairly well with the hiss waves observed at higher L shells. At lower L shells (< ~4.6), only the high 96 
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frequency portion shows the positive growth rates, indicating local amplification. This feature is roughly consistent with the 97 

Poynting flux direction (Figure 2e), where only the high frequency portion (> several hundred Hz) exhibits the Poynting flux 98 

directed away from the equator. 99 

Figures 2h-2n show the observation of Van Allen Probe B from 16:00 UT to 18:20 UT. Van Allen Probe B passed through the 100 

same region at ~2 h later than the observation by Probe A (Figures 2a-2g). At the same L shell, the change in total electron 101 

density was very small. Interestingly, compared to the observation of Probe A (Figure 2f), there was a very clear decrease in 102 

energetic electron fluxes at > ~10 keV at higher L shells (Figure 2m). Furthermore, the electron flux at > ~25 keV decreased 103 

earlier and more significantly than that at < ~25 keV. At higher L shells, in association with the decrease in energetic electron 104 

fluxes, the corresponding linear growth rate became much lower, especially at frequencies < 0.1 fce. Except for the waves at 105 

higher frequencies (> 0.1 fce), which propagate away from the equator (Figure 2l), the Poynting flux of the plasmaspheric hiss 106 

was bidirectional. Interestingly, linear growth rates (Figure 2n) show positive values for these high frequency hiss (> 0.1 fce), 107 

suggesting local amplification, which is consistent with their Poynting flux direction (Figure 2l). It is important to note that 108 

the intensity of plasmaspheric hiss became very weak over the L shells of ~4.5-5.5. This suggests that the local amplification 109 

of plasmaspheric hiss was reduced, owing to the decreased electron flux, which provides a source of free energy for hiss 110 

amplification. 111 

4 Simulation of energetic electron flux 112 

Previous studies have reported that the plasmaspheric hiss on the dayside could become weaker or disappear following the 113 

interplanetary shock arrival due to enhanced Landau damping which prevented chorus waves from entering the plasmasphere 114 

(Su et al., 2015; Yue et al., 2017). In this study, the plasmaspheric hiss event on 27 August 2013 was observed on the duskside. 115 

Although there were some variations in solar wind dynamic pressure, the attenuation of duskside plasmaspheric hiss wave 116 

intensity at higher L shells is likely caused by the decrease of energetic electron fluxes which provide free energy for cyclotron 117 

resonance. Since the timescale of energetic electron loss due to hiss-induced pitch angle scattering is 1 to 100 days (Ni et al., 118 

2013), the rapid loss in electron flux cannot be caused by the hiss wave scattering. After 15:53 UT, the enhanced southward 119 

interplanetary magnetic field resulted in intense 𝐸𝑆𝑊 and triggered a substorm, which further enhanced the magnetospheric 120 

electric field. The intense magnetospheric electric field can drive charged particles to move sunward and outward (Khazanov 121 

et al., 2004), and lead to the significant decrease of energetic electron flux along the Van Allen Probes’ orbit within a short 122 

time.  123 

Following Goldstein et al. (2003) and Goldstein et al. (2005a), we built a magnetospheric model for the electric potential. In 124 

the model, except for the co-rotating electric potential Φ𝑟𝑜𝑡, 125 

Φ𝑟𝑜𝑡 = −C
𝑅𝐸

𝑅
                                                                                        (1) 126 

the major parts are the convection electric potential and SAPS potential. The convection electric potential Φ𝑉𝑆 is determined 127 

by 𝐸𝑆𝑊, 128 
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                                                                     Φ𝑉𝑆 = −A𝐸𝑆𝑊𝑅2 sin 𝜑 (6.6𝑅𝐸)−1 ,                                                                        (2) 129 

where A is equal to 0.13, R is the geocentric distance, 𝜑 is the azimuthal angle, and 𝑅𝐸 is the radius of the Earth. Following 130 

Goldstein et al., (2003), we consider a time delay between the detected 𝐸𝑆𝑊 and its effect on magnetospheric electric field. In 131 

this study, 𝐸𝑆𝑊 data from OMNI is delayed by ~5 minutes, which is shown in Figure 3a. 132 

The SAPS associated with substorm can also evidently enhance the electric field near the duskside. From 15:16 UT to 15:22 133 

UT, the horizontal flow speed V (and minimal convection) recorded by DMSP F17 at the magnetic local time (MLT) of ~17.2 134 

(before the enhancement of southward IMF and onset of substorm) was small (Figure 3b). The SAPS on the equatorward side 135 

of the auroral oval was not evident. Subsequently, the horizontal V recorded by DMSP F17 from 16:58 UT to 17:03 UT at 136 

~17.5 MLT (during the enhancement of southward of IMF and substorm) increased significantly with the peak flow speed >1 137 

km/m, indicating a strong SAPS event (marked by two vertical dashed lines in Figure 3c).   138 

In this study, the effect of SAPS on the magnetospheric equatorial electric potential Φ𝑆 is calculated by, 139 

Φ𝑆(𝑅, 𝜑, 𝑡) = −𝐹(𝑅, 𝜑)𝐺(𝜑)𝑉𝑆(𝑡)                                                                       (3)    140 

where 𝐹(𝑅, 𝜑) is a function to describe the radial dependence. 141 

                                                                     F(𝑅, 𝜑) =
1

2
+

1

𝜋
𝑡𝑎𝑛−1[𝛼{𝑅 − 𝑅𝑆(𝜑)}]                                                                              (4) 142 

where 𝑅𝑆 indicates the radial distance where the peak radial electric field occurs. 143 

𝑅𝑆(𝜑) = 𝑅𝑆
0(

1+𝛽

1+𝛽𝐶𝑂𝑆(𝜑−𝜋)
)𝜅                                                                                       (5) 144 

where 𝛼 indicates the width of the peak, 145 

                                                                          𝛼 = 0.15 + 0.65[1 + cos (𝜑 −
7𝜋

12
)].                                                                            (6)           146 

𝐺(𝜑) is used to model the azimuthal dependence of the potential drop, 147 

                                                                                 𝐺(𝜑) = 𝑐𝑜𝑠2 [
1

2
(𝜑 − 𝜑𝑆)]   .                                                                      (7)  148 

We consider the SAPS potential with parameters [β, κ, 𝑅𝑆
0, 𝜑𝑆]=[0.97, 0.14, 5.2𝑅𝐸, 𝜋/2].  149 

𝑉𝑆(𝑡) describes the time dependence of magnetospheric equatorial SAPS potential, which is 150 

                                                                    𝑉𝑆(𝑡) = 11[exp{−(𝑡 − 16.3)2}] + 38[exp{−4(𝑡 − 17.7)2}]  ,                              （8）                      151 

where t is the UT in hour. 152 

In order to compare the modelled and the actual electric fields, the modelled electric potential along the F17’s orbits during 153 

the intervals both from 15:16 UT to 15:22 UT and from 16:58 UT to 17:03 UT are calculated using a dipolar magnetic field, 154 

as indicated by the red curves in Figure 3d and 3e, respectively. In addition, the actual F17 electric potentials relative to the 155 

electric potential at MLAT~50° (assumed as 0 at ~50°) are indicated by the blue curves in Figures 3d and 3e, respectively. The 156 

actual electric potentials are calculated through the integration of V×B along the F17’s orbit, where B is the downward 157 

component of geomagnetic field. Although there is a slight difference between the modelled and actual potentials, the potential 158 

drop is quite close. It suggests that the potential drop is small before the enhancement of southward IMF (as shown in Figure 159 

3d). However, the potential drop is large during the enhancement of southward IMF (as shown in Figure 3e), which implies 160 
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that the electric field dramatically strengthened. Furthermore, the modelled and detected magnetospheric electric fields in the 161 

dawn-dusk direction along the trajectory of Probe A are indicated by the red and blue curves in Figure 3f, respectively. It 162 

suggests that the modelled magnetospheric electric field is very similar to the observed electric field, and there is a clear trend 163 

that the magnetospheric electric field varied following the enhancement of 𝐸𝑆𝑊.  164 

Using the modelled time-varying electric field, we simulate the evolutions of energetic electron distributions. Here the 165 

geomagnetic field is assumed as a dipolar field and electron motion is assumed to be adiabatic. We calculate the drift velocity 166 

as a combination of the velocity due to 𝑬 × 𝑩 drift, and the bounce-averaged velocity due to gradient and curvature drifts 167 

(Roederer, 1970; Ganushkina et al., 2005). In this study, the evolution of electron flux distributions at lower energies from 11 168 

to 21 keV and higher energies from 51 to 61 keV (representing energy <~25 keV and energy >~25 keV) is simulated, 169 

respectively. 170 

In order to obtain the initial electron flux distribution function, the electron distribution, which is at different energies (127 171 

energy channels) observed by Probe A prior to the 𝐸𝑆𝑊 enhancement (as shown in Figure 2f), is interpolated by 1 keV step. 172 

The fitted energy distribution as a function of L shell is considered as the initial electron distribution. Moreover, the electron 173 

flux distribution is assumed to be the same at different MLTs. Since the results of simulation for different initial pitch angles 174 

are similar, the evolution of electrons with initial pitch angle at 45° is presented here. As shown in Figure 4a, the electrons at 175 

energies from 11 to 21 keV are assumed to be evenly distributed across all MLTs, and distributed along the L shells using a 176 

function presented in Figure 2f. The simulation of energetic electron flux is initialized at 15:58 UT, when the delayed 𝐸𝑆𝑊 177 

started to increase (Figure 3a). The trajectory of the Van Allen Probes is denoted by the black curve. The evolved distribution 178 

at 17:15 UT is shown in Figure 4b. Although the sunward motions of electrons could be seen both on the dayside and nightside, 179 

this trend is more notable on the duskside. Furthermore, there is also an evident outward motion on the duskside. To explicitly 180 

display the evolution of electron flux along the satellite orbit, the normalized percentage changes in modelled electron fluxes 181 

(at L ~ 4.75, MLT ~ 17 and L ~ 5.1, MLT ~ 18) varying with time (staring at 15:58 UT) are shown in Figure 4c. The electron 182 

flux decreases at both L ~ 4.75 and L ~ 5.1. In Figure 4c, the detected normalized variations of electron fluxes at the 183 

corresponding times when Van Allen Probe B passed through are indicated by the vertical bars (17:04 UT for L ~ 4.75 and 184 

17:26 UT for L ~ 5.1).        185 

The evolution of electron flux at energies from 51 to 61 keV is shown in Figures 4d-4f, which exhibit a distinct slot region at 186 

L ~ 4. After the evolution of 77 minutes, as presented in Figure 4e, the inner belt remains stable and changes little. However, 187 

the outer belt on the duskside clearly moves farther away from the Earth and becomes apparently sparser. The slot region on 188 

the duskside becomes much broader, where the Van Allen Probes travelled through. As shown in Figure 4f, the electron flux 189 

at energy from 51 to 61 keV rapidly decreases. At L ~ 4.75 (5.1), the modelled flux decreases by 91% (83%), similar to the 190 

observed electron flux decrease. The decreases of both the modelled and observed flux at the energies from 51 to 61 keV are 191 

more significant than those at energies from 11 to 21 keV.   192 

These simulation results indicate that the enhanced electric field during the enhanced convection and substorm redistributes 193 

the energetic electron flux along the orbit of Van Allen Probes. Although there are stronger sunward and outward motions for 194 
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the electrons at lower energies (from 11 to 21 keV), the decrease of local electron flux along the orbit of Van Allen Probe is 195 

slower than the decrease of electron flux at higher energies (from 51 to 61 keV).  196 

5 Conclusions 197 

In this paper, we report a hiss attenuation event during an enhanced convection and substorm event on 27 August 2013. In the 198 

outer plasmasphere, with the decrease of energetic electron fluxes after the enhanced convection and substorm, the hiss wave 199 

intensity became much weaker. The Poynting flux of hiss waves observed at higher L shells (>~4.6) before the enhanced 200 

convection and substorm was directed away from the equator, and the trend of the calculated linear wave growth rates is 201 

consistent with the observed hiss wave intensification, both of which suggest that these hiss waves in the outer plasmasphere 202 

are mainly locally amplified. The reduction of hiss wave intensity in the outer plasmasphere after the enhanced convection and 203 

substorm may be mainly caused by the reduced fluxes of energetic electrons (tens of keV), which provide a source of free 204 

energy for hiss amplification.  205 

The evolution of electron fluxes during the time interval of enhanced magnetospheric electric field at different L shells is 206 

modelled by test particle simulations based on the realistic electric field model including both convection electric field and 207 

SAPS. The result of test particle simulation is consistent with the observed distribution of electron flux from Van Allen Probes, 208 

showing decreased electron flux along the orbit of the Van Allen Probes after the enhanced convection and substorm. The 209 

simulation results indicate that the enhanced electric field causes the outward and sunward motions of energetic electrons, 210 

which lead to the observed hiss attenuation on the duskside. This study reveals the important role of magnetospheric electric 211 

field in the variation of energetic electron flux and the resultant hiss wave intensity. 212 

Our simulation implies that the attenuation of hiss wave intensity is mainly due to the decrease of energetic electron fluxes, 213 

especially electrons at higher energies (> 25 keV), in association with the enhanced magnetospheric electric field in response 214 

to solar wind and substorm activity. This suggests that the enhanced magnetospheric electric field may also contribute to the 215 

attenuation of chorus waves outside the plasmasphere, since tens of keV electrons provide a source of free energy for chorus 216 

wave excitation. The potential chorus attenuation, although unavailable from other satellite measurements during this event, 217 

is left as a further investigation.  218 

Data availability. The data of EMFISIS aboard Van Allen Probes are download from http://emfisis.physics.uiowa.edu/Flight/. 219 

The data of EFW are from http://www.space.umn.edu/rbspefw-data/. The MagEIS-HOPE combined omni-dimensional data 220 

are from https://www.rbsp-ect.lanl.gov/science/DataDirectories.php. The MagEIS-HOPE combined differential flux data are 221 
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 365 

Figure 1. Solar wind and geomagnetic parameters from 14:30 UT to 17:40 UT on 27 August 2013. (a) Three components of 366 

IMF in the GSM coordinate. (b) Solar wind dynamic pressure, (c) proton density, (d) solar wind velocity, and (e) convection 367 

electric field of solar wind. (f) AL index and (g) SYM-H index. The vertical line indicates the time when the solar wind 368 

convection electric field started to increase. 369 
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 370 
Figure 2. Overview of observations from Van Allen Probes A (left) over 14:00–16:30 UT and B (right) over 16:00–18:20 UT 371 

on 27 August 2013. (a) Total electron density. (b) Magnetic spectral density, where the black dashed line represents 0.1 fce., 372 

the black solid lines indicate the lower and upper cutoff frequencies of hiss waves. (c) Ellipticity, (d) wave normal angle, (e) 373 

the angle between Poynting flux and ambient magnetic field. (f) Omnidirectional electron fluxes from MagEIS and HOPE, 374 

where the white solid curve indicates the minimum electron cyclotron resonant energy corresponding to the lower cutoff 375 

frequency of the observed hiss. (g) Convective linear wave growth rates calculated for various frequencies, where the white 376 

solid lines represent lower and upper cutoff frequency of the observed hiss waves. (h-n) The same as Figure 2a-2g, but for the 377 

Van Allen Probe B observation.   378 
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 379 
Figure 3. (a) The 𝐸𝑆𝑊 data from OMNI, but delayed by 5 min. (b) The flow speed detected by DMSP F17 from 15:16 UT to 380 

15:22 UT at MLT ~ 17.2 h. (c) The flow speed detected by DMSP F17 from 16:58 UT to 17:03 UT at MLT ~ 17.5. The SAPS 381 

region is indicated by the two vertical dashed lines. (d) The DMSP measured electric potential (blue curve), and the modelled 382 

electric potential (red curve) from 15:16 UT to 15:22 UT. (e) The same as Figure 3d, but from 16:58 UT to 17:03 UT. (f) The 383 

measured electric field in the dawn-dusk direction by Van Allen Probe A (blue curve), and the modelled electric field along 384 

the trajectory of Van Allen Probe A (red curve).  385 
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 386 

Figure 4. The comparison between the observed and simulated electron flux. (a) The simulation of electron flux distribution 387 

with energies from 11 to 21 keV at 15:58 UT. The trajectory of the Van Allen Probes is indicated by the black solid curve. (b) 388 

The evolved electron distribution with initial energies from 11 to 21 keV at 17:15 UT. (c) The normalized variations of electron 389 

fluxes with the energies from 11 to 21 keV as a function of time after 15:58 UT at L ~ 4.75 (L ~ 5.1) are indicated by the brown 390 

(green) curves. The vertical bars indicate the detected normalized variation of electron fluxes at the corresponding times when 391 

Van Allen Probe B passed through L ~ 4.75 (L ~ 5.1). (d-f) The same as Figures 4a-4d, but for the electrons with the initial 392 

energies from 51 to 61 keV. 393 
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