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Abstract Magnetosonic waves are highly oblique whistler mode emissions transferring energy from the
ring current protons to the radiation belt electrons in the inner magnetosphere. Here we present the ﬁrst
report of prompt disappearance and emergence of magnetosonic waves induced by the solar wind dynamic
pressure variations. The solar wind dynamic pressure reduction caused the magnetosphere expansion,
adiabatically decelerated the ring current protons for the Bernstein mode instability, and produced the
prompt disappearance of magnetosonic waves. On the contrary, because of the adiabatic acceleration of
the ring current protons by the solar wind dynamic pressure enhancement, magnetosonic waves emerged
suddenly. In the absence of impulsive injections of hot protons, magnetosonic waves were observable even
only during the time period with the enhanced solar wind dynamic pressure. Our results demonstrate that
the solar wind dynamic pressure is an essential parameter for modeling of magnetosonic waves and their
eﬀect on the radiation belt electrons.

1. Introduction
The Earth’s outer radiation belt electrons are highly dynamical in response to solar wind structures and magnetospheric activities (Baker et al., 1998; Li, 2001; Reeves et al., 2003, 2013; Su et al., 2014; Su, Zhu, Xiao, Zong,
et al., 2015; Thorne et al., 2013) and pose a signiﬁcant radiation hazard for both spacecraft and astronauts
in the geospace environment (Baker et al., 1994; Wrenn, 1995). Hence, understanding the physical processes
of electron acceleration, loss, and transport is of great interest to the radiation belt community. Speciﬁcally,
the magnetosonic waves have been proposed to contribute to the electron acceleration via Landau resonance (Horne et al., 2007), bounce resonance (Roberts & Schulz, 1968; Shprits, 2009), or transit time scattering
(Bortnik & Thorne, 2010). An observable signature of magnetosonic wave acceleration is the formation of butterﬂy pitch angle distributions of energetic electrons, as illustrated in the recent event (Li, 2016; Xiao et al.,
2015) and statistical (Yang et al., 2017) studies.
Accurate information on the global spatiotemporal distribution of magnetosonic waves is important to understand and predict the evolution of radiation belt electrons. The Bernstein mode instability associated with
proton ring distributions can generate the magnetosonic emissions at frequencies close to the local proton
gyrofrequency harmonics (Balikhin et al., 2015; Boardsen et al., 1992; Curtis & Wu, 1979; Gary et al., 2010;
Gulelmi et al., 1975; Horne et al., 2000; Meredith et al., 2008; Perraut et al., 1982). These whistler mode emissions
with quasi-perpendicular wave vectors occur primarily within a few degrees latitude of the magnetic equatorial plane (Gurnett, 1976; Němec et al., 2005; Russell et al., 1970; Santolík, Pickett, Gurnett, Maksimovic, et al.,
2002; Tsurutani et al., 2014) but propagate broadly in the radial and azimuthal directions (Chen & Thorne, 2012;
Horne & Miyoshi, 2016; Horne et al., 2000; Kasahara et al., 1994; Ma et al., 2014; Němec et al., 2013; Santolík
et al., 2016; Su et al., 2017). Extensive statistical studies have shown the geomagnetic activity dependence of
magnetosonic waves (Boardsen et al., 2016; Hrbáčková et al., 2015; Ma et al., 2013; Meredith et al., 2008; Němec
et al., 2015; Shprits et al., 2013), and recent studies (Kim & Chen, 2016; Kim & Shprits, 2017) have introduced the
importance of solar wind parameters in the modeling of magnetosonic waves. The changes of solar wind conditions and geomagnetic indices are thought to take a time delay of several hours to substantially aﬀect the
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Figure 1. Overview of the magnetosonic wave event on 23 February 2014: (a, g) geomagnetic activity index SYM-H, background electron density Ne , and solar
wind dynamic pressure Psw ; (b, h) spin-averaged proton ﬂux j; (c, i) wave power spectral density PB ; (d, j) wave normal angle 𝜓 ; (e, k) wave ellipticity EB (negative
for left-hand polarization and positive for right-handed polarization); (f, l) sign of ﬁeld-aligned component of Poynting ﬂux SB (positive for parallel orientation and
negative for antiparallel orientation). The vertical dashed lines mark the arrival of the solar wind dynamic pressure pulse, and the other dashed lines represent
the lower hybrid frequency flhr and ﬁfth harmonic of equatorial proton gyrofrequency fcp .

global distributions of magnetosonic waves in the previous modeling works (Kim & Chen, 2016; Kim & Shprits,
2017). Such a time delay may be interpreted as the timescale for solar wind-magnetosphere coupling and hot
particle transport. However, the solar wind disturbances can pass through the dayside magnetosphere on a
timescale of several minutes, and their immediate impacts on the magnetosonic waves remain unclear.
In this letter, we present several representative events of magnetosonic waves observed by the Van Allen
Probes mission (Mauk et al., 2013) during the periods with sudden changes in the solar wind dynamic pressure.
Our results demonstrate that the solar wind dynamic pressure variations can cause the prompt disappearance
or emergence of magnetosonic waves by adiabatically changing the ring current proton distributions.

2. Data and Method
The Van Allen Probes mission contains two spacecraft in the highly elliptical orbits with the perigees ∼0.1 RE
and the apogees ∼6 RE . In this study, we mainly use the data obtained by the Electric Field and Wave (EFW)
LIU ET AL.
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Figure 2. Electromagnetic ﬁelds and hot proton distributions around the pulse time on 23 February 2014: (a, e)
magnetic ﬁeld magnitude Bo and y component electric ﬁeld Ey in the mGSE coordinate system, (b, c, f, and g) colorcoded proton omnidirectional/diﬀerential ﬂux j, and (d, h) observation and adiabatic approximation of the proton ﬂux j
at 90∘ pitch angle. In Figures 2b, 2c, 2f, and 2g, the black lines represent the SYM-H indices. The vertical dashed lines
mark the arrival of the solar wind dynamic pressure pulse.

instrument (Wygant et al., 2013), the Electric and Magnetic Field Instrument and Integrated Science (EMFISIS)
suite (Kletzing et al., 2013), and the Energetic Particle, Composition and Thermal Plasma Suite (ECT) (Spence
et al., 2013).
The EFW instrument measured the local electric ﬁeld E in the modiﬁed geocentric solar ecliptic (mGSE) coordinate system (Wygant et al., 2013). The triaxial ﬂuxgate magnetometer (MAG) of the EMFISIS suite detected
the local magnetic ﬁeld Bo , and we estimate the corresponding equatorial magnetic ﬁeld as Be = Bo BMe ∕BMo
with the ratio BMe ∕BMo between equatorial and local magnetic ﬁelds in the TS04 model (Tsyganenko & Sitnov,
2005). The Waveform Receiver (WFR) of the EMFISIS Waves instrument provided the wave spectral matrix from
5 Hz to 10 kHz. The frequency resolution of the onboard spectra of WFR is too low to display the discrete structures of magnetosonic waves, and we perform the fast Fourier transform (FFT) on the local magnetic ﬁelds to
obtain the high-resolution wave spectral matrix below 32 Hz. On the basis of these spectral matrices, we can
calculate the Poynting vector (Santolík et al., 2010), the wave vector direction, and the planarity and ellipticity
of wave polarization (Santolík, Pickett, Gurnett, & Storey, 2002; Santolík et al., 2003). Following the previous
study (Kurth et al., 2014), we infer the cold electron density Ne from the measurement of the upper hybrid
resonance band by the High-Frequency Receiver (HFR) of the EMFISIS Waves instrument. In the low-density
region (Ne < 10 cm−3 ) with the upper hybrid resonance frequency below the lower-frequency limit of HFR,
we estimate the density from the previous empirical model (Sheeley et al., 2001). The Helium Oxygen Proton
Electron (HOPE) (Funsten et al., 2013) and the Magnetic Electron Ion Spectrometer (MagEIS) (Blake et al., 2013)
of the ECT suite gave the ﬂux j of hot (0.1–300 keV) protons.
LIU ET AL.
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Figure 3. Bernstein mode instability for magnetosonic waves around the pulse time on 23 February 2014: wave power
PB observed by (a, d) WFR and (b, e) MAG-FFT; (c, f ) convective growth rate Ki . In Figures 3b, 3c, 3e, and 3f, the dashed
lines represent the proton gyrofrequency harmonics. The vertical dashed lines mark the arrival of the solar wind
dynamic pressure pulse.

Following the approach of Kennel (1966), we can obtain the temporal growth rate
𝛾=−

Di
,
𝜕D0 ∕𝜕𝜔

(1)

and the convective growth rate
Ki = 𝛾∕|Vg |

(2)

for a plasma wave with the angular frequency 𝜔, the wave vector k = k cos 𝜓e∥ +k sin 𝜓e⟂ , and the wave normal angle 𝜓 . Here D0 and Di are the real and imaginary parts of the dispersion relation D(𝜔, k, 𝜓) = D0 + iDi
listed in the previous work (Chen et al., 2010, equation (A3)). In the present study of magnetosonic waves, the
expression of Di depends on the hot proton phase space density F = j∕p2 and its derivatives with respect
to energy and pitch angle (Chen et al., 2010, equation (A4)). To reduce the noise, we compute a smooth
cubic spline approximation (Reinsch, 1967) to the proton pitch angle distribution at each energy channel (see
more details in Text S1 of the supporting information) and then evaluate those required derivatives using the
B-spline interpolation (De Boor, 1977) in the pitch angle-energy space.

3. Disappearance of Magnetosonic Waves by Solar Wind Dynamic
Pressure Decrease
Figure 1 gives an overview of the magnetosonic wave event associated with a sudden decrease of the
solar wind dynamic pressure on 23 February 2014. During the time period of interest, the Van Allen Probes
were located near the equator (|MLAT| < 4∘ ) in the dayside sector (7 < |MLT| < 14). Initially, both probes
were in the high-density (Ne > 100 cm−3 ) plasmasphere and observed the plasmaspheric hiss. At 13:07 UT,
Probe B passed through the plasmapause characterized as a sudden decrease in density, and about 30 min
later, Probe A went outside the high-density plasmasphere. In the low-density region, both probes received
the magnetosonic wave signals (with the linear polarization EB ≈ 0, the quasi-perpendicular normal angle
𝜓 > 80∘ , and the bidirectional Poynting vector) below the lower hybrid frequency. The temporal evolution of
magnetosonic waves tended to follow the variation of the lower hybrid frequency and the proton gyrofrequency harmonics, indicating that these waves were likely generated by the local ring distributions of hot
LIU ET AL.
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protons around 20 keV. At 15:03 UT, the solar wind dynamic pressure suddenly decreased from 6 nPa to 3 nPa. Correspondingly, the SYM-H index
decreased from 0 to −20 nT, implying an expansion of the global magnetosphere. In response to this solar wind dynamic pressure pulse, the
proton ﬂuxes above 10 keV decreased obviously and the most intense magnetosonic waves below 20 Hz disappeared abruptly. In the subsequent
time period of > 2 h, the magnetosphere remained in an expanded state
(SYM-H ≈ −30 nT) and both probes did not observe the recovery of intense
magnetosonic waves.
Figure 2 plots the electromagnetic ﬁelds and the hot proton distributions
around the solar wind dynamic pressure pulse. Roughly speaking, two
probes observed the consistent responses of electromagnetic ﬁelds and
hot protons to the pressure pulse. After the pulse, the local magnetic ﬁelds
decreased by ∼25 nT, comparable to the variation of SYM-H calculated from
the ground-based magnetic stations. The local electric ﬁelds appeared to
be wave like with a peak amplitude of ∼4 mV/m, probably induced by
the changing magnetic ﬁeld. Given the temporal proﬁles of the local magnetic ﬁeld, we adiabatically transform the 90∘ proton phase space density
from the prepulse time (14:58 UT) to the postpulse time (15:04 UT). One
can ﬁnd that the adiabatic approximation can well explain the hot proton
ﬂux variation in this event. The adiabatic decrease of proton ﬂuxes become
most signiﬁcant around 20 keV because the prepulse phase space density
∼ >20 keV had a steep negative gradient with respect to energy. The adiabatic energy change usually increases with the pitch angle approaching 90∘
(see simulations by Kim et al., 2010; Su et al., 2010a, 2011), yielding the most
signiﬁcant reduction of proton ﬂuxes at the 90∘ pitch angle.
Figure 3 compares the observed magnetosonic wave spectra to the linear convective growth rates. The magnetosonic wave spectra observed by
the WFR can be divided into two parts: continuous intense signals below
20 Hz and intermittent weak signals above 20 Hz. The intense signals of
the WFR corresponded to the fourth and third magnetosonic emission lines
observed by the MAG-FFT, while the weak signals of the WFR were below
the detection threshold level of the MAG-FFT. In Figure S1 of the supporting
information, we present several examples of modeled and observed proton phase space distributions, and the modeled distributions appear to be
in a reasonable agreement with the observations both before and after the
solar wind dynamic pressure pulse. The temporal variation of the obtained
Figure 4. Overview of the magnetosonic wave event on 14 March 2016,
with the same format as in Figure 1.
wave convective growth rate is able to qualitatively explain the evolution of
magnetosonic waves in this event. Before the pulse, the modeled growth of
waves is allowed above 4 Hz (from second to seventeenth proton gyrofrequency harmonics), consistent with
the observations of both WFR and MAG-FFT. The peak growth rates of magnetosonic waves with the normal
angle 𝜓 = 89.5∘ are about Ki ∼ 10−5 m−1 , comparable to the previous numerical calculations (Chen et al.,
2010). After the pulse, the modeled growth rates decrease by approximately 10 times, responsible for the
sudden disappearance of intense magnetosonic waves below 20 Hz. During the period of 15:10–15:30 UT,
the modeled growth rates of Probe B are larger than those of Probe A, qualitatively explaining the residual
occurrence of some weak sporadic magnetosonic waves above 20 Hz for Probe B.

4. Emergence of Magnetosonic Waves by Solar Wind Dynamic Pressure Increase
Figure 4 shows an overview of the magnetosonic wave event associated with an interplanetary shock on
14 March 2016. In this event, Probe A was near the perigee and unable to observe the shock inﬂuence on magnetosonic waves. Before the shock, magnetosonic waves were nearly unobservable for Probe B both inside
and outside the plasmasphere. At 17:15:30 UT, the interplanetary shock hit the magnetosphere, causing the
increase of SYM-H index from −3 to 20 nT. In response to the shock compression, the hot proton ﬂuxes exhibited a signiﬁcant enhancement over a wide energy range, and the magnetosonic waves close to the lower
LIU ET AL.
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hybrid frequency and the seventh proton gyrofrequency harmonic emerged
suddenly. In the subsequent period of 2 h, the hot proton ﬂuxes were further
enhanced as the solar wind dynamic pressure increased continuously. After
19:05 UT, Probe B went away from the equatorial region and can no longer
detect the magnetosonic waves.
As demonstrated in Figure 5, the evolution of ﬁelds, particles, and waves
can be interpreted as an “inverse” process of that in the 23 February 2014
event. The shock compression produced the increase of the local magnetic
ﬁeld by 20 nT, the wave-like electric ﬁelds with a peak amplitude of 2 mV/m,
and the enhancement of the hot proton ﬂuxes by up to 3 times. Similar to
the previous event, the proton ﬂuxes exhibited the most signiﬁcant variations at 90∘ pitch angle above 10 keV. The adiabatic approximation can
well explain the observed proton ﬂux enhancement above 10 keV, while the
data gap of the preshock proton ﬂux from 6 keV to 8 keV does not allow a
reasonable reproduction of the postshock 7–10 keV proton ﬂuxes. In this
event, the magnetosonic waves were not well recorded by the MAG-FFT
probably because the wave intensity was below the threshold of MAG-FFT.
We compare the WFR spectra to the calculated convective growth rates of
magnetosonic waves at the normal angle 𝜓=89.5∘ (with the modeled proton distributions in Figure S2 of the supporting information). Before the
shock, the magnetosonic waves are found to have quite weak growth rates
(Ki < 10−9 m−1 ) or experience a strong damping (Ki < 0). After the shock, the
modeled growth rates reach up to about Ki ∼ 10−6 m−1 and peak around
the sixth to tenth proton gyrofrequency harmonics, qualitatively explaining
the emergence of magnetosonic waves below 30 Hz.

5. Conclusions and Discussions
Magnetosonic waves are able to transfer energy from the ring current protons to the radiation belt electrons in the inner magnetosphere (e.g., Bortnik
& Thorne, 2010; Chen et al., 2015; Horne et al., 2007; Li, 2016; Shprits, 2009;
Xiao et al., 2015; Yang et al., 2017). Understanding and forecasting the radiation belt environment need the accurate knowledge of the spatiotemporal
distribution of magnetosonic waves (e.g., Fok et al., 2008; Glauert et al., 2014;
Shprits et al., 2009; Su et al., 2010b, 2011; Subbotin et al., 2010; Tu et al.,
2013; Varotsou et al., 2005, 2008). In contrast to the numerous studies of
the correlations between geomagnetic activities and magnetosonic waves
(e.g., Boardsen et al., 2016; Hrbáčková et al., 2015; Ma et al., 2013; Meredith
et al., 2008; Němec et al., 2015; Shprits et al., 2013), there have been relatively
few works to evaluate the direct inﬂuences of solar wind variations on magnetosonic waves (Kim & Chen, 2016; Kim & Shprits, 2017). In these limited
studies, the changes of solar wind parameters were thought to aﬀect the
global distribution of magnetosonic wave with a time delay of several hours
(Kim & Chen, 2016; Kim & Shprits, 2017). Here we present the ﬁrst report
of prompt disappearance and emergence of magnetosonic waves induced
Figure 5. Electromagnetic ﬁelds, hot proton distributions, and wave
by the solar wind dynamic pressure variations. On 23 February 2014, the
instabilities around the pulse time on 14 March 2016: (a) magnetic
ﬁeld magnitude Bo and electric ﬁeld Ey , (b, c) color-coded proton
sudden decrease in the solar wind dynamic pressure caused the expansion
omnidirectional/diﬀerential ﬂux j, (d) observation and adiabatic
of the magnetosphere and the decrease of the local magnetic ﬁeld. The
approximation of the proton ﬂux j at 90∘ pitch angle, (e) WFR wave
adiabatically decelerated ring current protons became unfavorable for the
power PB , and (f ) convective growth rate Ki . The vertical dashed lines
Bernstein mode instability, producing no observable magnetosonic waves.
mark the arrival of the solar wind dynamic pressure pulse.
On 14 March 2016, the interplanetary shock compressed the magnetosphere,
accelerated the ring current protons approximately in an adiabatic way, and
promoted the excitation of magnetosonic waves. The physical processes acting in the two events could
be roughly considered the inverse of each other. These phenomena are essentially diﬀerent from the observations in a recent study of “ampliﬁcation and attenuation of magnetosonic waves associated with the
LIU ET AL.

590

Geophysical Research Letters

10.1002/2017GL076382

compression and expansion of the Earth’s magnetosphere” (Li, 2017). In their study (Li, 2017), there were
step-like variations in the background plasma density but gradual variations in the solar wind dynamic pressure for the ampliﬁcation and attenuation of magnetosonic waves. As a result, it was diﬃcult to diﬀerentiate
between the contributions of the solar wind dynamic pressure variation and the local plasma density modulation (Chen & Thorne, 2012; Ma et al., 2014; Yuan et al., 2017) to the evolution of magnetosonic waves.
In contrast, our present data and modeling, without any observable plasma density modulations, directly link
the magnetosonic wave evolution to the solar wind dynamic pressure sudden variations.
In fact, these phenomena reported here are not rare in the Van Allen Probes data. Figure S3 of the supporting information presents another magnetosonic wave event associated with the solar wind dynamic pressure
variations on 4 August 2017. In the time period of interest, there was no impulsive injection of hot protons,
and the solar wind dynamic pressure essentially controlled the spatiotemporal distribution of magnetosonic
waves. At 03:33 UT, the increase in the solar wind dynamic pressure caused the emergence of magnetosonic
waves; at 05:24 UT, the decrease in the solar wind dynamic pressure yielded the disappearance of magnetosonic waves. The intense magnetosonic waves were observable only in the period from 03:33 UT to 05:24 UT
with the enhanced solar wind dynamic pressure. Other interesting features of Figure S3 are the dramatic
responses of whistler mode hiss and chorus waves to the solar wind dynamic pressure variations, which have
been studied recently in detail (Liu, Su, Gao, Zheng, et al., 2017; Liu, Su, Gao, Reeves, et al., 2017; Su, Zhu, Xiao,
Zheng, et al., 2015; Yue et al., 2017). For the electromagnetic ion cyclotron waves destabilized by the comparable energy protons to those for the magnetosonic wave excitation, the solar wind compression has long
been recognized as an important trigger (e.g., Anderson & Hamilton, 1993; Cho et al., 2017; McCollough et al.,
2010; Usanova et al., 2008). The solar wind dynamic pressure ﬂuctuations can also directly drive the Pc4–Pc5
ultralow-frequency waves in the dayside magnetosphere, as shown in previous numerical (e.g., Claudepierre
et al., 2009) and observational (e.g., Liu, 2010; Rae et al., 2012; Su, Zhu, Xiao, Zong, et al., 2015; Zhang et al.,
2010) studies. All these waves have been frequently invoked to explain the acceleration, transport, and loss of
the radiation belt electrons (Thorne, 2010). Our present ﬁndings, together with the early studies mentioned
above, highlight the importance of the solar wind dynamic pressure in the spatiotemporal distribution of
these magnetospheric waves and in the wave-driven evolution of the radiation belt electrons.
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Hrbáčková, Z., Santolík, O., Němec, F., Macúšová, E., & Cornilleau-Wehrlin, N. (2015). Systematic analysis of occurrence of equatorial
noise emissions using 10 years of data from the Cluster mission. Journal of Geophysical Research: Space Physics, 120, 1007–1021.
https://doi.org/10.1002/2014JA020268
Kasahara, Y., Kenmochi, H., & Kimura, I. (1994). Propagation characteristics of the ELF emissions observed by the satellite Akebono in the
magnetic equatorial region. Radio Science, 29, 751–767. https://doi.org/10.1029/94RS00445
Kennel, C. (1966). Low-frequency whistler mode. Physics of Fluids, 9, 2190–2202. https://doi.org/10.1063/1.1761588
Kim, K.-C., & Chen, L. (2016). Modeling the storm time behavior of the magnetosonic waves using solar wind parameters. Journal of
Geophysical Research: Space Physics, 121, 446–458. https://doi.org/10.1002/2015JA021716
Kim, K.-C., & Shprits, Y. (2017). Dependence of the amplitude of magnetosonic waves on the solar wind and AE index using Van Allen
Probes. Journal of Geophysical Research: Space Physics, 122, 6022–6034. https://doi.org/10.1002/2017JA024094
Kim, K. C., Lee, D., Kim, H., Lee, E. S., & Choi, C. R. (2010). Numerical estimates of drift loss and Dst eﬀect for outer radiation belt relativistic
electrons with arbitrary pitch angle. Journal of Geophysical Research, 115, A03208. https://doi.org/10.1029/2009JA014523
Kletzing, C. A., Kurth, W. S., Acuna, M., MacDowall, R. J., Torbert, R. B., Averkamp, T., … Tyler, J. (2013). The Electric and
Magnetic Field Instrument Suite and Integrated Science (EMFISIS) on RBSP. Space Science Reviews, 179, 127–181.
https://doi.org/10.1007/s11214-013-9993-6
Kurth, W. S., Pascuale, S. D., Faden, J. B., Kletzing, C. A., Hospodarsky, G. B., Thaller, S., & Wygant, J. R. (2014). Electron densities inferred
from plasma wave spectra obtained by the waves instrument on Van Allen Probes. Journal of Geophysical Research: Space Physics, 120,
904–914. https://doi.org/10.1002/2014JA020857
Li, J., Ni, B., Ma, Q., Xie, L., Pu, Z., Fu, S., … Summers, D. (2016). Formation of energetic electron butterﬂy distributions by magnetosonic
waves via Landau resonance. Geophysical Research Letters, 43, 3009–3016. https://doi.org/10.1002/2016GL067853
Li, L. Y., Liu, B., Yu, J., & Cao, J. B. (2017). The rapid responses of magnetosonic waves to the compression and expansion of Earth’s
magnetosphere. Geophysical Research Letters, 44, 11,239–11,247. https://doi.org/10.1002/2017GL075649
Li, X., Baker, D. N., Kanekal, S. G., Looper, M., & Temerin, M. (2001). Long term measurements of radiation belts by SAMPEX and their
variations. Geophysical Research Letters, 28, 3827–3830. https://doi.org/10.1029/2001GL013586
Liu, N., Su, Z., Gao, Z., Reeves, G. D., Zheng, H., Wang, Y., & Wang, S. (2017). Shock-induced disappearance and subsequent recovery
of plasmaspheric hiss: Coordinated observations of RBSP, THEMIS, and POES satellites. Journal of Geophysical Research: Space Physics, 122,
10/421–10/435. https://doi.org/10.1002/2017JA024470
Liu, N., Su, Z., Gao, Z., Zheng, H., Wang, Y., Wang, S., … Wygant, J. R. (2017). Simultaneous disappearances of plasmaspheric hiss,
exohiss, and chorus waves triggered by a sudden decrease in solar wind dynamic pressure. Geophysical Research Letters, 44, 52–61.
https://doi.org/10.1002/2016GL071987
Liu, W., Sarris, T. E., Li, X., Ergun, R., Angelopoulos, V., Bonnell, J., & Glassmeier, K. H. (2010). Solar wind inﬂuence on Pc4 and Pc5 ULF wave
activity in the inner magnetosphere. Journal of Geophysical Research, 115, A12201. https://doi.org/10.1029/2010JA015299
Ma, Q., Li, W., Chen, L., Thorne, R. M., Kletzing, C. A., Kurth, W. S., … Spence, H. E. (2014). The trapping of equatorial magnetosonic waves in
the Earth’s outer plasmasphere. Geophysical Research Letters, 41, 6307–6313. https://doi.org/10.1002/2014GL061414
Ma, Q., Li, W., Thorne, R. M., & Angelopoulos, V. (2013). Global distribution of equatorial magnetosonic waves observed by THEMIS.
Geophysical Research Letters, 40, 1895–1901. https://doi.org/10.1002/grl.50434
Mauk, B. H., Fox, N. J., Kanekal, S. G., Kessel, R. L., Sibeck, D. G., & Ukhorskiy, A. (2013). Science objectives and rationale for the Radiation Belt
Storm Probes mission. Space Science Reviews, 179, 3–27. https://doi.org/10.1007/s11214-012-9908-y
McCollough, J. P., Elkington, S. R., Usanova, M. E., Mann, I. R., Baker, D. N., & Kale, Z. C. (2010). Physical mechanisms of compressional EMIC
wave growth. Journal of Geophysical Research, 115, A10214. https://doi.org/10.1029/2010JA015393
Meredith, N. P., Horne, R. B., & Anderson, R. R. (2008). Survey of magnetosonic waves and proton ring distributions in the Earth’s inner
magnetosphere. Journal of Geophysical Research, 113, A06213. https://doi.org/10.1029/2007JA012975
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