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Abstract Magnetosheath high‐speed jets (HSJs), localized impulses of dynamic pressure, are attracting
growing attention due to their geoeffectiveness. However, how HSJs modulate chorus waves in the
magnetosphere still remains unclear. Utilizing combined observations of the Time History of Events and
Macroscale Interactions during Substorms satellites A and E, we report, for the first time, the prompt
disappearance of the magnetospheric chorus waves caused by a HSJ. Such wave disappearance is directly due to
the flux drop of energetic electrons (∼10–100 keV), leading to the cessation of wave generation, which is
supported by the linear theoretical analysis. We propose that the flux drop results from the local indentation of
magnetopause after the HSJ impact, where two new smaller magnetic mirrors are formed off the equator and
part of electrons are then expelled by the mirror force. The HSJs should be an important factor in modulating
chorus waves because of their high occurrence rate.

Plain Language Summary The solar wind with enhanced dynamic pressure can globally compress
the dayside magnetosphere, causing the excitation and intensification of chorus waves. Besides the
enhancement of solar wind RAM pressure, there also exists the ion‐scale dynamic pressure impulse in the
magnetosheath, known as a high‐speed jet (HSJ), even during quiet solar wind conditions. Previous studies have
shown that the HSJs have a high occurrence rate and they are geoeffective (causing disturbances in the Earth's
magnetosphere). However, it is still unknown whether HSJs can modulate chorus waves in the magnetosphere.
In this study, based on joint observations of THEMIS‐A and E probes, we report the prompt disappearance of
chorus waves in the magnetosphere caused by the HSJs. We propose that a HSJ causes the local indentation of
the dayside geomagnetic fields at the magnetic equator, and creates two small magnetic mirrors. Consequently,
the poleward mirror force will expel some of the electrons from the equator, and lead to a significant decrease of
the electron flux. Finally, the generation of chorus waves will stop due to the lack of energy sources. This study
reveals that HSJs are a new and important factor in modulating chorus waves in the magnetosphere.

1. Introduction
Whistler‐mode chorus waves are right‐hand polarized electromagnetic emissions frequently detected in the
Earth's magnetosphere (Tsurutani & Smith, 1974). They are excited by several to tens of keV anisotropic elec-
trons due to cyclotron resonant instabilities (Tsurutani et al., 1979) in the frequency range of 0.1–0.5fce (lower
band) and 0.5–0.8fce (upper band), separated by 0.5fce (Burtis & Helliwell, 1976; Gao et al., 2019; Tsurutani &
Smith, 1974). Here fce denotes the equatorial electron gyrofrequency. Because the chorus waves can cause both
significant loss (Gao et al., 2023; Thorne et al., 2005, 2010; Tsurutani et al., 2013) and acceleration (Horne
et al., 2005; Li et al., 2016; Thorne et al., 2013) of electrons by the resonant scattering, they are known to play a
crucial role in the dynamics of the Earth's radiation belts.

Satellite observations have shown that chorus waves are sensitive to changes in the solar wind RAM pressure. In
general, solar wind with enhanced dynamic pressure compresses the dayside magnetosphere, leading to the
betatron acceleration of electrons and the reduction of the geomagnetic field inhomogeneity, which are favorable
for the excitation and intensification of chorus waves (Fu et al., 2012; Jin et al., 2022; Ma et al., 2022; Remya
et al., 2015; Yue et al., 2017; X. Y. Zhou & Tsurutani, 1999; C. Zhou et al., 2015; X. Zhou et al., 2023).

Besides the enhancement of solar wind RAM pressure, there also exist ion‐scale dynamic pressure impulses in the
Earth's subsolar magnetosheath. These impulses, characterized by high‐speed and dense plasma flows, are named
as high‐speed jets (HSJs) (Hietala & Plaschke, 2013). The formation of HSJs is probably associated with the
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interaction between the compressive structures upstream of the quasi‐parallel bow shock and the shock front (Guo
et al., 2022; Hao et al., 2016; Hietala et al., 2009; Karlsson et al., 2015; Ren et al., 2023). Unlike a global‐scale
compression of the dayside magnetosphere by a solar wind RAM pressure, a HSJ only locally compresses the
dayside magnetosphere due to its smaller scale size (∼1 RE parallel to the propagation direction, and a few RE

perpendicular to the propagation direction; RE is the Earth radius) (Archer et al., 2012; Dmitriev & Suvor-
ova, 2012, 2015; Hietala et al., 2012; Plaschke et al., 2016; Shue et al., 2009). Such local impact can cause large
amplitude boundary indentations, possibly triggering dayside magnetic reconnection (Hietala et al., 2018),
exciting ULF waves in the magnetosphere (Wang et al., 2018, 2022), and resulting in dayside fast flow channels
in the ionosphere (Hietala et al., 2012), and localized auroral brightenings (Wang et al., 2018). However, till date,
it is unknown whether HSJs can modulate chorus waves in the Earth's magnetosphere.

In this paper, utilizing the joint observations from the Time History of Events and Macroscale Interactions during
Substorms satellites A (THMIS‐A) and E (THMIS‐E), we report the prompt disappearance of chorus waves in the
magnetosphere caused by a magnetosheath HSJ for the first time. The unexpected disappearance of chorus waves
is directly related to a fast drop of the energetic electron fluxes, which resulted from a local indentation of the
geomagnetic field after the HSJ hits the magnetopause. In Section 2, we briefly describe the instruments onboard
THEMIS. The joint observations are demonstrated in Section 3. Finally, we summarize and discuss the principal
results in Section 4.

2. Instruments and Data
The THEMIS spacecraft, launched on 17 February 2007, consists of five identical satellites (A‐E) in near‐
equatorial orbits. With apogees above 10 RE and perigees below 2 RE, THEMIS provides a good opportunity
for the multi‐site detection of plasma environments in the Earth's magnetosheath and magnetosphere. A fluxgate
magnetometer (FGM) onboard THEMIS records background magnetic fields. A search‐coil magnetometer
(SCM) and an electric field instrument (EFI) record tri‐axial magnetic and electric fields with a sampling rate of
up to∼8 kHz, respectively. An electrostatic analyzer (ESA) provides the pitch‐angle distribution of electrons with
energies from a few eV to 30 keV, and solid state telescopes (SST) provide that for 30 keV to ∼1 MeV electrons.
The electron density is inferred from the spacecraft potential measured by EFI and thermal velocity measured
by ESA.

3. Observational Results
The joint observations of THEMIS‐A and THEMIS‐E at 10:25 UT on 8 August 2016 are utilized in this study due
to their favorable locations. Figure 1 shows the locations of THEMIS‐A (green) and THEMIS‐E (red) in the
geocentric solar magnetospheric (GSM) coordinate system. The black line in Figure 1a indicates the position of
magnetopause on the x‐y plane according to Shue et al. (1998) model. Both THEMIS‐A and THEMIS‐E are
located in the pre‐noon sector (magnetic local time (MLT) ∼ 9.5 hr) near the magnetic equator. They are ∼2 RE

apart in the X‐direction and less than 1 RE apart in the Y‐ and Z‐directions. Fortunately, THEMIS‐A was located in
the magnetosheath during this time, while THEMIS‐E was operating in the magnetosphere.

Figure 1. The position of THEMIS‐A (green mark) and THEMIS‐E (red mark) in the x‐y (a), x‐z (b), and y‐z (c) planes in the
geocentric solar magnetospheric coordinate system at 10:25 UT on 8 August 2016, respectively.
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Figure 2a–2f present the magnetosheath magnetic field and plasma measurements by THEMIS‐A from 10:20 to
10:30 UT on 8 August 2016. The turbulent background magnetic fields are distributed from several nT to 20 nT
(Figure 2a), and ions have energies ranging from a few eV to tens of keV (Figure 2b), consistent with the typical
plasma environment in the Earth's magnetosheath (Lucek et al., 2005). Figures 2c–2e illustrate the bulk velocity,
density, and dynamic pressure x‐component (Pdynx) of ions, respectively. Around 10:25 UT, there is a sudden
enhancement of ion velocity and density, leading to the Pdynx pulse (∼3.2 nPa), which is identified as a HSJ in the
magnetosheath (marked by a red vertical line). The Pdynx pulse is accompanied by a series of intense waves
(Figure 2f). We cannot determine if these waves are magnetosheath lion roars (Smith and Tsurutain, 1976),
because the polarization cannot be determined due to the lack of burst‐mode data. More effort is needed to identify
the waves accompanied with HSJs, which is beyond scope of the present work. During this time interval, the solar
wind RAM pressure is ∼1.5 nPa, and the interplanetary magnetic field remains northward (not shown), sug-
gesting a relatively quiet solar wind condition.

Figures 2g–2m display the magnetosphere response, as detected by THEMIS‐E, to the HSJ. Slightly later than the
Pdynx pulse in the magnetosheath, the geomagnetic field shows a clear compression signal, that is, Bz (black line)
and Btot (red line) simultaneously increased by∼11 nT (Figure 2g). In this event, the HSJ mainly propagates in the
X‐direction (vx∼ 330 km s− 1, Figure 2c), and the positions of THEMIS‐A and THEMIS‐E are mainly separated in
the X‐direction (∆d ∼ 2 RE). We estimate a ∼38 s travel time of the HSJ by dividing the distance between two
satellites by the speed of the HSJ in the X‐direction. This is roughly consistent with the time delay (∼40 s) between
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Figure 2. The overview of a high‐speed jet in the magnetosheath observed by THEMIS‐A from 10:20 to 10:30 UT on 8 August 2016 (a–e), and the response in the
magnetosphere detected by TH‐E during the same period (f–l). (a) The magnetic field in the geocentric solar magnetospheric (GSM) coordinate system, (b) ion energy
flux, (c) ion velocity in the GSM coordinate system, (d) ion density, (e) the dynamic pressure (Pdynx) in the X‐direction, (f) magnetic power spectral densities (Bpsd) in
magnetosheath, (g) the geomagnetic field in magnetosphere (Btot, red line) and its Z‐direction component (Bz, black line), (h) background electron density and ion
density, (i) electron energy flux, (j) electron energy flux for 32, 41, 65, 93, 139 keV, (k–m) electron pitch angle distributions for 65 and 93 keV, (l) magnetic power
spectral densities (Bpsd) in magnetosphere. The two red lines in (f) and (l) represent 0.05 fce and 0.5 fce.
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the HSJ and the geomagnetic field compression. Therefore, it is reasonable to conclude that the geomagnetic local
compression is caused by the HSJ impact. In addition, the background plasma density nearly remains constant
during this period (Figure 2h). Figure 2i shows the evolution of fluxes of electrons with energies from several keV
to hundreds of keV, and Figure 2j shows the evolution for five selected energies. Unexpectedly, the compression
of geomagnetic fields is accompanied by a remarkable decline of energetic electron (∼10–100 keV) flux. The
pitch‐angle distributions of 65 and 93 keV electrons are presented in Figures 2k and 2l, showing that the electron
fluxes drop at nearly all pitch angles. Figure 2m displays the magnetic power spectral densities (Bpsd) during this
period. The typical chorus waves can be clearly observed before the compression of geomagnetic fields. How-
ever, the waves suddenly disappear as the geomagnetic field strength increases.

We propose that the disappearance of the chorus waves is a direct response to the electron flux drop. Figures 3a
and 3b present the pitch‐angle distributions (circles) of electrons before and after the local geomagnetic field
compression, respectively. The observed distribution is fitted to a multi‐component bi‐Maxwellian distribution
function:

fM (v∥,v⊥) =∑
j

̅̅̅̅̅̅̅̅̅̅̅m
2T∥jπ

√ m
2T⊥jπ

nje
‐
mv2∥
2T∥j

‐
mv2⊥
2T⊥j , (1)

Figure 3. (a–b) Observed (circles) and fitted (lines) electron phase space densities before and after the compression of
geomagnetic field, (c) linear growth rates (black) and the wave amplitudes (blue) before the compression of geomagnetic
field, (d) linear growth rates after the compression of geomagnetic field.
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where the m,nj,T∥j, and T⊥j are the electron mass, electron density, electron
parallel temperature, and electron perpendicular temperature for the j th
component, respectively. The fitted distributions (solid lines) are shown in
Figures 3a and 3b, and the fitting parameters are listed in Table 1. Comparison
of observations with the fitting results shows a good consistency. Further-
more, we use a dispersion relation solver (BO) (Xie, 2019) to search for the
unstable plasma waves by the fitting parameters, and the calculated linear
growth rates of chorus waves are illustrated in Figures 3c and 3d (black). The
normalized amplitude (blue line) of chorus waves is also plotted in Figure 3c.
Before the geomagnetic field compression (Figure 3c), the frequency profile
of the linear growth rates is consistent with that of wave amplitudes, sup-
porting the local excitation of those waves by energetic electrons. However,
after the compression (Figure 3d), the linear growth rate decreases by about

an order of magnitude, implying that the generation of chorus waves has been switched off. As a result, THEMIS‐
E did not observe any chorus waves near the magnetic equator. Here we should mention that the enhancement of
geomagnetic fields has only a weak effect on the wave disappearance, since the linear growth rate will change
slightly if we artificially fix the electron distribution.

Figure 4 shows the distribution functions of the 10–100s keV electrons before (green) and after (orange) the
compression of geomagnetic field. The flux drop of energetic electrons caused by the HSJ should be an adiabatic
process, since the distribution functions of 10–100s keV electrons before and after the local compression of
geomagnetic fields have the same shape. However, how does a HSJ cause the adiabatic modulation of electron
flux? In Figure 5, we schematically show the response of the dayside magnetosphere to a HSJ. Before the arrival
of the HSJ, the dayside magnetosphere exhibits a dipole‐like configuration, which acts as a large magnetic mirror
to trap a population of energetic electrons (Figure 5a). The electrons bounce along the field lines between the
south and north mirror points, and are unstable to excite chorus waves at the equator due to their temperature
anisotropy. After the arrival of the HSJ, the magnetopause is heavily compressed at the location (c) where the HSJ
hits, leading to a local indentation on the outer field lines at the magnetic equator (Figure 5b). The local
indentation causes a local maximum of magnetic field intensity at the equator, which further leads to the for-
mation of two small magnetic mirrors. As a result, a part of the electrons with larger pitch angles are expelled by
the mirror force, and now bounce between the south (north) mirror point and the new equatorial mirror point. A
part of electrons with smaller pitch angles still able to pass the equatorial region, they now have a larger pitch
angle. Therefore, THEMIS‐E detected the remarkable flux drop of energetic electrons, as well as the disap-
pearance of chorus waves inside the magnetosphere.

4. Discussion and Conclusions
Utilizing the joint observations of THEMIS‐A and THEMIS‐E, we, for the
first time, report the disappearance of chorus waves in the magnetosphere
caused by a magnetosheath HSJ. The HSJ is firstly captured by THEMIS‐A
in the magnetosheath, and then it impacts on the dayside magnetosphere
after ∼40 s. THEMIS‐E, flying in the magnetosphere, observed the sudden
flux drop of energetic electrons (∼10–100 keV), as well as a prompt
disappearance of chorus waves as impacts of the HSJ. We propose that a
HSJ impinging on the magnetopause will create two new small magnetic
mirrors near the magnetic equator due to the local indentation of the
geomagnetic fields. As a result, a part of the electrons will be expelled from
the equator by the mirror force, causing the electron flux drop at the equator.
Such an electron flux drop leads to the cessation of wave generation, or the
disappearance of chorus waves. We have also presented another event
detected by THEMIS‐A and THEMIS‐E during 21:00‐21:10 UT on 24 June
2016 in Figures 6 and 7. We find a similar situation that the chorus waves
promptly disappear after the HSJ hits the Earth's magnetosphere, implying
that the disappearance of chorus waves caused by HSJs may be a common
phenomenon.

Table 1
Fitting Parameters Before (10:25:00 UT) and After (10:27:00 UT) the
Compression of the Geomagnetic Field, Respectively

Component ( j)

10:25:00 UT 10:27:00 UT

T∥(eV) T⊥(eV) n(cm− 3) T∥(eV) T⊥(eV) n(cm− 3)

1 100 100 0.4 100 100 0.4

2 900 1,200 0.1 800 1,100 0.15

3 4,000 4,500 0.07 3,600 4,300 0.045

4 8,000 9,000 0.002 8,000 9,000 0.0005

5 22,000 30,000 0.0002 22,000 30,000 0.000045

Figure 4. The distribution functions of the 10–100s keV electrons before
(green) and after (orange) the compression of geomagnetic field.
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Both a HSJ and an enhanced solar wind RAM pressure can compress the dayside magnetosphere, but the response
of the magnetospheric chorus is different. This is due to the different spatial scales of the compression of Earth's
dayside magnetic field caused by the two processes, which is shown schematically in Figure S1 (in Supporting
Information S1). The solar wind RAM pressure can compress the magnetic field on a global scale (Figure S1b),
resulting in a flatter but stronger magnetic field and a betatron acceleration of electrons. Consequently, chorus
waves are more easily generated, and preferentially occur in a wide range of magnetic latitudes on the dayside
(Ma et al., 2022). However, HSJs only cause the local indentation of Earth's dayside magnetic field due to its small
scale size (Figure S1c). The local indentation causes a local maximum of magnetic field intensity near the equator,
and leads to the formation of two small magnetic mirrors (Figure S1c). Now, a part of the electrons that move
toward the equator will be expelled by the magnetic mirror force and trapped in the higher latitudes, and the
electrons originally at the equator will leave the equator. Therefore, the electron flux at the equator rapidly drops,
leading to the cessation of wave generation. Note that these disappeared electrons near the equator are now
trapped at high latitudes, and they will not precipitate into the atmosphere and cause auroral brightenings. Since
HSJs are frequently observed in the magnetosheath (Plaschke et al., 2016), we propose that HSJs are a new and
important factor in modulating chorus waves in the magnetosphere.

Figure 5. Schematic diagram of the magnetosheath and magnetosphere in the geocentric solar magnetospheric (GSM) coordinate system before (a) and after (b) the hit of
high‐speed jet. The configuration of the geomagnetic field is based on TS04 model (Tsyganenko & Sitnov, 2005), and the positions of TH‐A and TH‐E in the GSM
coordinate system are marked by a green point and a plum red point (b), respectively. The small diagrams (gray) provide a variation in the electron pitch angle as it
moves along the magnetic field line.

Figure 6. The position of THEMIS‐A (green mark) and THEMIS‐E (red mark) in the x‐y (a), x‐z (b), and y‐z (c) planes in the
geocentric solar magnetospheric coordinate system for another event at 21:04 UT on 26 June 2016, respectively.
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Data Availability Statement
The THEMIS data used in this study are obtained from the website http://themis.ssl.berkeley.edu/data/themis.
The OMNI data are obtained from the website http://spdf.gsfc.nasa.gov/pub/data/omni/.
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