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Abstract

Lower-band whistler-mode chorus waves are important to the dynamics of Earth’s radiation belts, playing a key role in ac-
celerating seed population electrons (100’s of keV) to relativistic ($>$ 1 MeV) energies, and in scattering electrons such that
they precipitate into the atmosphere. When constructing and using statistical models of lower-band whistler-mode chorus
wave power, it is commonly assumed that wave power is spatially distributed with respect to magnetic L-shell. At the same
time, these waves are known to drop in power at the plasmapause, a cold plasma boundary which is dynamic in time and
space relative to L-shell. This study organizes wave power and propagation direction data with respect to distance from the
plasmapause location to evaluate what role the location of the plasmapause may play in defining the spatial distribution of
lower band whistler-mode chorus wave power. It is found that characteristics of the statistical spatial distribution of equatorial
lower band whistler mode chorus are determined by L-shell, and are largely independent of plasmapause location. The primary
physical importance of the plasmapause is to act as an Earthward boundary to lower band whistler mode chorus wave activity.
This behavior is consistent with an equatorial lower band whistler mode chorus wave power spatial distribution that follows

the L-shell organization of the particles driving wave growth.
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Abstract

Lower-band whistler-mode chorus waves are important to the dynamics of Earth’s ra-
diation belts, playing a key role in accelerating seed population electrons (100’s of keV)
to relativistic (> 1 MeV) energies, and in scattering electrons such that they precipitate

into the atmosphere. When constructing and using statistical models of lower-band whistler-

mode chorus wave power, it is commonly assumed that wave power is spatially distributed
with respect to magnetic L-shell. At the same time, these waves are known to drop in
power at the plasmapause, a cold plasma boundary which is dynamic in time and space
relative to L-shell. This study organizes wave power and propagation direction data with
respect to distance from the plasmapause location to evaluate what role the location of
the plasmapause may play in defining the spatial distribution of lower band whistler-mode
chorus wave power. It is found that characteristics of the statistical spatial distribution

of equatorial lower band whistler mode chorus are determined by L-shell, and are largely
independent of plasmapause location. The primary physical importance of the plasma-
pause is to act as an Earthward boundary to lower band whistler mode chorus wave ac-
tivity. This behavior is consistent with an equatorial lower band whistler mode chorus
wave power spatial distribution that follows the L-shell organization of the particles driv-
ing wave growth.

Plain Language Summary

Whistler-mode chorus are plasma waves that can efficiently accelerate particles in
Earth’s radiation belts, and act to scatter them out of the radiation belts into Earth’s
atmosphere. Models of the statistical behavior of these plasma waves are important for
predicting the shape of the radiation belts. For decades, wave models relied on the as-
sumption that these particular waves are distributed in space similar to radiation belt
particles - by distance from Earth at the magnetic equator. Another possibility is that
the spatial distribution of these waves could be modified by the location of Earth’s cold
plasma torus, the plasmasphere. The plasmasphere moves toward and away from Earth
on different time scales than radiation belt particles. This study tests how whistler-mode
chorus plasma waves are organized in space, by comparing statistics of plasma wave prop-
erties organized by distance from the Earth at the magnetic equator with the same data
organized by distance from the plasmasphere outer boundary. The long-standing assump-
tion is found to be valid. This result is consistent with the interpretation that the spa-
tial distribution of the plasma waves under study is determined by the spatial organi-
zation of the particles that drive the wave growth.

1 Introduction

Whistler-mode chorus waves are important to the dynamics of the Earth’s radi-
ation belts, playing a key role in accelerating seed population electrons (100’s of keV)
to relativistic (> 1 MeV) energies, (e.g. (Horne & Thorne, 1998; Summers et al., 1998;
Horne et al., 2005; Reeves et al., 2013; Jaynes et al., 2015)) and in scattering electrons
across a broad range of energies, often leading to their precipitation into the atmosphere
(e.g. (Shprits et al., 2008; Thorne, 2010; Kasahara et al., 2018)).

In the inner terrestrial magnetosphere, whistler-mode chorus waves appear in two
bands, a lower band (0.1f.c < f < 0.5f..), and an upper band, (0.5fcc < f < fee)s
where f.. is the electron cyclotron frequency (e.g. (Burtis & Helliwell, 1969; Tsurutani
& Smith, 1977; Santolik et al., 2003)). Also, in this region, whistler-mode chorus waves
are driven by cyclotron resonance with electron distributions with strong perpendicu-
lar temperature anisotropy (Schriver et al., 2010; Li et al., 2010; Lee et al., 2014), gen-
erated as electrons are adiabatically transported Earthward via impulsive injections from
the plasma sheet during geomagnetic storms and substorms (e.g. (Sazhin & Hayakawa,
1992)).
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A large number of studies have examined the spatial distribution of whistler-mode
chorus wave power as a function of L-shell, MLT, and geomagnetic indices, demonstrat-
ing that the highest mean wave amplitudes occur in the dawn sector (where injected elec-
trons gradient-curvature drift about the Earth), near the equator (where the strongest
adiabatic temperature anisotropy occurs), and at L-shells of ~7 (e.g. (Tsurutani & Smith,
1977; Meredith et al., 2001, 2003; Bortnik et al., 2007; Cully et al., 2008; Li et al., 2009,
2010, 2011; Meredith et al., 2012; Li et al., 2016; O. V. Agapitov et al., 2015; Meredith
et al., 2018)). Several of these studies have demonstrated, using case studies of individ-
ual plasmapause crossings, that the plasmapause (the outer boundary of the plasmas-
phere, the cold dense plasma torus about Earth) constitutes an Earthward boundary to
chorus wave activity (e.g. (Meredith et al., 2001)). The drop off of whistler-mode cho-
rus wave power at the plasmapause is starkly visible in statistical wave power studies
when chorus wave power near the geomagnetic equator is organized by distance from the
plasmapause (Malaspina et al., 2016).

While the drop in equatorial whistler-mode chorus wave power at the plasmapause
is well documented by case study observations, nearly all statistical studies of the spa-
tial distribution of whistler-mode chorus power use the plasmapause only as an inner bound-
ary for the identification of whistler-mode chorus waves (e.g. (Meredith et al., 2012; Li
et al., 2016)). In these studies, wave property statistics are parameterized by L-shell, MLT,
and geomagnetic indices, effectively averaging over many plasmapause radial locations
and ’smoothing away’ the physical drop in whistler-mode wave power at the plasmapause.
This smoothing effect can be particularly strong because the plasmapause is dynamic
in time and space with respect to L-shell. Plasmapause location varies in time through
a wide range of L-shells (2 - 7) as a function of geomagnetic conditions, MLT, and the

time history of both the solar wind convection electric field and ionospheric refilling (Carpenter

& Lemaire, 2004).

This raises a question: to what extent does the spatial distribution of near-equatorial
whistler-mode chorus wave power depend upon the plasmapause location? For exam-
ple, the above-referenced studies examining the spatial distribution of whistler-mode cho-
rus wave power all report a gradual drop in lower band whistler-mode wave power Earth-
ward of L = 7. Is this a physical feature of the chorus wave spatial distribution or an
artifact of smoothing wave statistics over variable plasmapause locations?

For a different whistler-mode wave in the inner magnetosphere, plasmaspheric hiss,
the shape, location, and density profile of the plasmasphere strongly determine the wave
power spatial distribution (Malaspina et al., 2016, 2017, 2018). For hiss, wave power mod-
ulation by plasmaspheric structure is thought to be largely a consequence of wave refrac-
tion, which is highly sensitive to the distribution of cold plasma density ((Maxworth &
Gotkowski, 2017) and references therein). In contrast, the whistler-mode chorus source
region and typical propagation regions are in general well outside the plasmapause (Bortnik
et al., 2006; Chen et al., 2013), so the plasmasphere may have a weaker effect on cho-
rus wave power distributions.

This work aims to quantify the impact of plasmapause location on the spatial dis-
tribution of near-equatorial lower band whistler-mode chorus wave properties. To do so,
observations of whistler-mode chorus wave properties are compiled and organized by the
location of the plasmapause with respect to Earth (L,,), distance from the plasmapause
(AL,,), and magnetic local time (MLT). These statistics are then compared against wave
property statistics organized using L-shell, L,,, and MLT. In this study, the wave data
are not explicitly parameterized by geomagnetic indices, though the geomagnetic activ-
ity level is implicitly included through L.

Quasi-linear diffusion models of radiation belt dynamics typically ingest statisti-
cal models of wave power organized by L-shell, geomagnetic indices, and MLT (Subbotin
& Shprits, 2009; Fok et al., 2011; Horne et al., 2013; Orlova et al., 2014; Glauert et al.,
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2014). This work quantitatively tests an assumption commonly used in these models:
that parameterization by L-shell is the most physically appropriate description of the
chorus wave spatial distribution.

2 Data Set and Processing

This work uses data from the Van Allen Probes mission. These twin spacecraft were
launched in August of 2012 and were de-orbited in 2019. During their mission, they or-
bited Earth between 600 km altitude and ~6 Earth radii. They were spin stabilized, ro-
tating once every ~11 s, orbiting Earth every ~9 hours, and precessing through all lo-
cal times every ~ 2 years. Their orbits covered +20° of the magnetic equator. The in-
struments used in this analysis are the Electric and Magnetic Field Instrument Suite and
Integrated Science (EMFISIS) (Kletzing et al., 2013) and the Electric Fields and Waves
(EFW) instrument (Wygant et al., 2013).

This work examines lower band whistler-mode chorus wave power, wave normal an-
gle, and Poynting flux direction as a function of parameters including: spacecraft L-shell

location (L), distance between the spacecraft and the plasmapause in units of L-shell (ALy,),

and the distance of the plasmapause from Earth (L,,).

The TS04D magnetic field model (Tsyganenko & Sitnov, 2005) is used to define
L, AL,p, and L,, for each wave power observation. The specific L definition used here
is Mcllwain L-shell (McIlwain, 1961) for 90 degree pitch angle particles. Cold plasma den-
sity is estimated using the spacecraft floating potential data calibrated each day against
densities determined via the upper hybrid resonance line, as in (Malaspina et al., 2016).
Following (Moldwin et al., 2002), plasmapause crossings are identified as the most Earth-
ward sharp density gradient (more than 5x change in density over 0.5 L-shell) on a given
inbound or outbound pass of the spacecraft. The quantity AL,, is defined as L - L,
where Ly, is the plasmapause location determined on a given outbound or inbound pass
of the spacecraft. Data from passes without an identified plasmapause crossing are ex-
cluded in this work.

Wave power is determined using the EMFISIS survey power spectra of signals from
the three search coil magnetometer (SCM) axes, as calculated on-board. These on-board
calculated spectra capture 0.5 seconds of data every 6 seconds, producing power spec-
tral densities between ~2 Hz and ~12 kHz in 65 pseudo-logarithmically spaced frequency
bins. Lower-band whistler-mode chorus wave power for a given spectra is determined by
summing the power spectral densities from all three SCM axes, multiplying by the band-
width of each frequency bin, and summing data from 0.1f.. to 0.5f... Here f.. is the
electron cyclotron frequency local to each spectral observation, determined using the mag-
netic field magnitude as measured by the fluxgate magnetometer.

Using SCM wave power data for this study instead of electric field wave data avoids
complications associated with nonlinear electrostatic structure wave power in whistler-
mode frequency bands (Mozer et al., 2013) as well as those associated with non-uniform
sensor response along different measurement axes (Hartley et al., 2016). In SCM data,
whistler-mode chorus are well-isolated narrow band (on a logarithmic scale) waves. Spec-
tral bins dominated by magnetosonic waves are excluded using the following criteria on
compressibility: B / By < 0.6. Here, B is the magnetic field wave amplitude paral-
lel to the background magnetic field and B, is the magnetic field wave amplitude per-

pendicular to the background magnetic field, in a given spectral frequency bin. Data recorded

during times of strong spacecraft charging, eclipse, and thruster firings are excluded from
consideration. Data where the signal to noise ratio was less than 5 were excluded from
consideration, where the SCM noise level definition from (Malaspina et al., 2017) was
used.



166 This study also makes use of wave normal direction and Poynting flux direction for

167 lower band whistler-mode chorus. Both quantities are derived from EMFISIS on-board
168 cross-spectral data. Specifically examined in this study are (i) 05, the polar angle be-
169 tween the wave normal vector direction and the background magnetic field, and (ii) 05 g,
170 the polar angle between the Poynting flux direction and the background magnetic field.

1 Valid 0 p values range from 0 (parallel/anti-parallel with B) to 90 (perpendicular to B).
72 Valid 0sp values range from 0 (parallel to B) to 180 (anti-parallel to B). 0xp angles are

173 calculated using the single value decomposition (SVD) analysis method (Santolik et al.,

174 2003) applied to only the three axis SCM wave data. SVD-method wave normal angle

175 determination was considered to be valid for frequency/time bins with planarity > 0.5,

176 ellipticity > 0.5 and coherence between the two SCM signals orthogonal to the back-

177 ground magnetic field > 0.5. These quantities and their derivations are detailed in (Santolik

178 et al., 2003)

179 The lower band whistler-mode chorus wave band can only be fully captured when

180 0.5 fee is below the upper frequency limit of the EMFISIS on-board power spectra (12

181 kHz). This condition is generally satisfied for L > 3.5. Closer to Earth than L = 3.5,

182 prior studies indicate (e.g. (Meredith et al., 2018) and references therein), that lower band

183 whistler-mode chorus wave power near the magnetic equator is often negligibly small,

184 though this condition can be violated during periods of high geomagnetic activity. Lower
185 band whistler-mode chorus wave power Earthward of the plasmapause, near the mag-

186 netic equator, is considered to be negligible in this study.

187 Data recorded by the Van Allen Probes between October 1, 2012 and March 31,

188 2018 were used in this study, encompassing nearly three full precessions of the orbit through
189 all local times. Data from Van Allen Probe A after May of 2016 were not used because,
190 in approximately June of 2016, radiation damage to preamplifier electronics degraded

101 the spacecraft potential measurement on Van Allen Probe A to the point where it was

192 not useful for density determination.

193 2.1 Analysis

104 Figure 1 shows data from one orbit of Van Allen Probe B on 01 September, 2014

195 when the orbit apogee was near dawn. Figure la shows the derived cold plasma density,
196 with vertical red dashed lines indicating the identified plasmapause crossings on the in-

107 bound and outbound legs of the orbit. Between 14:00 and 16:00 UTC, a weak spacecraft
108 charging event influenced the plasma density estimate. Figure 1b shows the total power
199 spectral density from the two components of the electric field measured in the spacecraft
200 spin plane. The frequencies 0.5 f.. and 0.1 f.. are overlaid in white solid lines, f.. is shown
201 as a dashed white line. Broadband signals corresponding to kinetic electric field struc-

202 tures such as phase space holes and kinetic Alfvén waves pervade the electric field wave
203 data (Mozer et al., 2013; Chaston et al., 2015), especially near 11:00 and 15:00 UTC. Fig-
204 ure 1c shows the total power spectral density from all three SCM axes. Plasmaspheric

205 hiss is observed Earthward of the plasmapause on both legs of the orbit, between ~150

206 Hz and 2 kHz on the outbound leg and between ~50 Hz and 2 kHz on the inbound leg.
207 Figure 1d shows the band-integrated (0.1 f.. to 0.5 f..) lower-band whistler-mode mag-

208 netic field wave power. Lower-band whistler-mode wave power is located outside the plas-
200 masphere, between 0.1 f. and 0.5 f.., and is well-separated in frequency from other wave
210 modes in the SCM data. While the lower-band whistler-mode waves show extended pe-

o1 riods of activity, the variation in wave power during those periods can be as high as four
212 orders of magnitude. This behavior is typical of whistler mode chorus (Santolik et al.,

213 2010, 2014).

214 To compare lower-band whistler-mode properties under L-shell parameterization
215 with those same properties under AL, parameterization, statistics of wave power, 6;5,
216 and Ogp are presented. The full data set, after the exclusions described in the prior sec-
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Figure 1. Plasma waves and density variation during one orbit of Van Allen Probe B on 01
September, 2014. (a) Plasma density derived from the spacecraft floating potential calibrated
against the upper hybrid resonance line, (b) spectrogram of electric field wave power, (c) spectro-
gram of magnetic field wave power, (d) band-integrated wave power during this interval between
0.1 and 0.5 times the electron cyclotron frequency. Dashed white lines in (b) and (c) indicate the

electron cyclotron frequency (fc.) and solid white lines indicate 0.5 fce and 0.1 fc.

tion, consists of ~3.12x107 0.5 s samples of lower-band whistler-mode waves distributed
across L-shell, MLT, and geomagnetic activity level.

Wave property statistics are divided into four MLT sectors: Dawn (3 < M LT <
9), Noon (9 < MLT < 15), Dusk (15 < MLT < 21), and Midnight (21 < MLT < 24
and 0 < MLT < 3 ). The statistics are also divided into four bins based on the loca-
tion of the plasmapause with respect to Earth: 2 < Ly, < 3,3 < Ly, < 4,4 < Ly, <
5, and 5 < L,, < 6. The geomagnetic activity level is convolved with this binning, as
heavily eroded plasmaspheres occur when geomagnetic activity is high, and extended plas-
maspheres occur when geomagnetic activity is low.

Figure 2 shows histograms of lower-band whistler-mode wave occurrence as a func-
tion of wave power and L-shell for data recorded in the Dawn sector (3 < MLT < 9).
Plots in the left column show data organized by L-shell, while plots in the right column
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Figure 2. Histograms of lower-band whistler-mode wave occurrence as a function of wave
power and L-shell for (a,b,c,d) data organized by L-shell and (f,g,h,i) data organized by distance
to the plasmapause, shifted by the midpoint plasmapause location (ALpp + Lpp,midpoint), SO that
the data are directly comparable to (a,b,c,d). (a,f) data for plasmapause locations between L = 2
and L = 3, (b,g) data for plasmapause locations between L = 3 and L = 4, (c,h) data for plasma-
pause locations between L = 4 and L = 5,(d,i) data for plasmapause locations between L = 5 and
L = 6. (e,j) Mean wave power as a function of L-shell derived from the distributions in (a,b,c,d)
and (f,g,h,i).

show data organized by distance from the plasmapause, shifted by the value of L,, at
the midpoint of the plasmapause location bin (Lyp midpoint = 2.5, 3.5, 4.5, etc.). This
shift enables the plasmapause-sorted data to be directly compared with the L-sort data.
The top row shows data where 2 < L, < 3, the second row data where 3 < Ly, < 4,
the third row data where 4 < L,, < 5, and the fourth row data where 5 < L,, < 6.
In each case, Lyp midpoint is indicated by a vertical dashed black line.

We choose not to collapse over the wave amplitude dimension when displaying these
statistics because whistler-mode chorus wave amplitude distributions are known to be
heavily tailed (Watt et al., 2017), with the probability of observing a particular ampli-
tude decreasing toward higher amplitudes.
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The bottom row shows the mean wave power per L-shell bin for each L,, condi-
tion: black = 2 < L,, < 3, blue =3 < L,, < 4, green =4 < L,, < 5, and red =
5 < Ly, < 6. While taking the mean collapses the amplitude dimension, mean wave
power is often the most relevant quantity for quasi-linear representations of radiation belt
modeling (Subbotin & Shprits, 2009; Fok et al., 2011; Horne et al., 2013; Orlova et al.,
2014; Glauert et al., 2014).

The most striking feature of Figure 2 is the strong similarity between the left and
right columns. Independent of whether the data are organized by L-shell or AL,,, the
highest amplitude waves are most likely to occur near L = 6, and the likelihood of ob-
serving high amplitude waves falls toward Earth. This trend persists for all L,, bins. The
overall shape of the amplitude/L-shell wave power distribution remains the same as Ly,
varies, for both the L-sorted data and the AL,,-sorted data. The only impact of L,, vari-
ation is to set the Earthward cutoff of an otherwise weakly changing (in L-shell) distri-
bution.

The two panels in the bottom row show that the mean wave amplitudes drop to-
ward Earth, and they drop as L,, increases, consistent with an overall change in geo-
magnetic activity. The drop in mean wave power beyond L ~ 6.5 occurs because the
Van Allen Probes’ orbital apogee rarely exceeds this value and the statistical coverage
of these high-L bins is poor. The data in Figure 2e and Figure 2j are compared directly
in Figure 5.

Figure 3 has a similar format to Figure 2, except that the quantity examined is 6;p,
the angle between the SVD-determined wave normal vector and the background mag-
netic field vector. Two distinct populations are present, a quasi-field aligned population
with g < 30°, and an oblique population with 50° < 6yp < 80°. The two pop-
ulations separate more distinctly closer to Earth, and merge for 5 < L < 6, the dis-
tance where the strongest wave amplitudes also occur. The wave normal angles of lower-
band whistler-mode waves in the radiation belt are often well-described in terms of cold
plasma theory, and have been examined extensively in other works (e.g. (Hartley et al.,
2015; Li et al., 2016; O. V. Agapitov et al., 2016)).

The bottom row shows the peak value of the 055 distributions as a function of L-
shell for the portion of the distribution where 8y < 45°. The data in Figure 3e and
Figure 3j are compared directly in Figure 5.

The feature of interest for this study is, again, how similar the L-sorted data (left
column) are to the AL,,-sorted data (right column). The spatial morphology of the 6xp
distributions exterior to the plasmapause appear to be approximately static in L-shell
as the plasmapause location varies. The portions of the distribution Earthward of the
plasmapause are removed in response to outward motion of the plasmapause.

Figure 4 has the same format as Figure 3, and the quantity examined is 6sp, the
angle between the wave Poynting vector and the background magnetic field vector.

One population approximately parallel to B , and one population approximately
anti-parallel to E, are present. The two populations are separated at all distances from
Earth, but least so for 5 < L < 6, the distance where the strongest wave amplitudes
also occur. The parallel and anti-parallel populations of whistler-mode chorus near the
magnetic equator have been well-documented and interpreted as whistler-mode chorus
moving away from a magnetic equator source region (e.g. (Santolik et al., 2005; O. Agapi-
tov et al., 2010)). As with wave power and 6y g, the fgp distributions are strongly sim-
ilar between the L-sorted data and AL,,-sorted data.

The bottom row shows the peak (most likely to be observed) fsp value as a func-
tion of L-shell for the portion of the distribution where 8 < 45°. The data in Fig-
ure 4e and Figure 4j are compared directly in Figure 5.
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Figure 3. Same format as Figure 2, but for the quantity 0x5. (e,j) Peak value of 0xp for
Orp < 45° as a function of L-shell, for the distributions in (a,b,c,d) and (f,g,h,i).

Plots similar to Figure 2, Figure 3, and Figure 4, but for the other three quadrants
(Noon, Dusk, Midnight) are included in the supplementary material. Each of these plots
show the same behavior, in that (i) the L-shell and AL,, distributions are strikingly sim-
ilar, and (ii) the plasmapause acts to truncate the distribution toward Earth, but does
not strongly influence other characteristics of the distribution (e.g. L-shell location of
the largest amplitude waves).

3 Discussion

Figure 5 shows comparisons between the mean wave power (left column), peak 0xp
below 45° (center column), and peak fgp below 45° (right column) for L-sorted data (black
traces) and AL,,-sorted data (red traces, with x-axis of ALy, +Ly, midpoint). The four
rows (top to bottom) show data for 2 < L,, < 3,3 < Ly, < 4,4 < L,, < 5, and
5 < Ly, < 6. These data are from the Dawn sector, and correspond to the data plot-
ted in the bottom rows of Figures 2, 3, and 4. In all cases, there is close agreement be-
tween the L-sort and ALy,-sort traces.

Small (< 0.5L) offsets are present, due to the 1L finite width of the L,, bins. When
translating the AL,,-sorted data onto an L-shell-based x-axis, the bin-middle Lpp midpoint
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Figure 4. Same format as Figure 2, but for the quantity sg. (e,j) Peak value of Osp for
0sp < 45° as a function of L-shell, for the distributions in (a,b,c,d) and (f,g,h,i).

value was used (e.g. Lpp midpoint = 2.5 for 2 < Lp, < 3). This can introduce a small
offset in L-shell when the distribution of L, values in a given L, bin is skewed more
toward the high end of the bin (as with 2 < L,,, < 3).

The preceding analyses demonstrate that the distributions of lower band whistler
mode chorus wave power, 0;p and fgp retain a similar shape and spatial organization
with respect to L-shell outside of the plasmapause, whether or not organization with re-
spect to plasmapause position is considered. This is true even for locations close to the
plasmapause. This result indicates that the primary role of the plasmapause in shaping
the statistical spatial distribution of equatorial lower band whistler mode chorus wave
properties is to define an Earthward boundary for wave activity.

This behavior is markedly different from plasmaspheric hiss, where the plasmas-
pheric density profile (Breneman et al., 2015; Malaspina et al., 2018) and plasmapause
location (Malaspina et al., 2016) strongly determine the hiss wave power distribution.
The differing behaviors of chorus and hiss spatial distributions are consistent with: (i)
an equatorial lower band whistler mode chorus wave power spatial distribution that is
co-located with the L-shell organization of particles driving wave growth (in agreement
with prior studies such as (Li et al., 2010; Lee et al., 2014)) and, (ii) an equatorial plas-
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Figure 5. Comparison between wave mean power (left column), 0xp (middle column), and

0sp (right column) for L-sorted wave data (black traces) and ALy, +  Lpp midpoint-sorted data
(red traces). (a,e,i) data for plasmapause locations between L = 2and L = 3, (b,f,j) data for
plasmapause locations between L = 3 and L = 4, (c,g,k) data for plasmapause locations between

L =4 and L =5, (d,h,]) data for plasmapause locations between L =5 and L = 6.

maspheric hiss wave power spatial distribution that is determined by whistler-mode prop-
agation effects and consequently, the refractive properties of the plasma within the plas-
masphere (Chen et al., 2012; Malaspina et al., 2018). One exception to this dichotomy

is low frequency hiss (< 150H z), which has been shown to be co-located with the par-
ticles driving its wave growth (Shi et al., 2017).

4 Conclusions

Understanding the spatial distribution of equatorial lower band whistler-mode cho-
rus wave power statistically is important for our understanding of radiation belt dynam-
ics, in that whistler-mode waves play a significant role in both relativistic electron ac-
celeration and electron scattering. It is well-understood from prior observations that whistler-
mode chorus wave power drops at the plasmapause, but the plasmapause is a dynamic
boundary in both space and time with respect to L-shell.

The goal of this study was to compare statistical distributions of lower band whistler-
mode chorus wave properties using L-shell sorting and plasmapause-based sorting of the
data. The primary result is that the plasmapause location does not play a strong role
in shaping the statistical spatial distribution of equatorial lower band whistler mode cho-
rus outside of the plasmapause. In the Van Allen Probes data, whistler-mode chorus mean
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wave amplitudes peak near the apogee of the Van Allen Probes orbit and fall Earthward
of that location, regardless of whether the plasmapause location is considered.

The lack of systematic difference between the data when sorted by L-shell or by
distance from the plasmapause supports the long-used assumption that equatorial lower
band whistler mode chorus wave properties are physically organized by L-shell. There-
fore, quasi-linear diffusion models of radiation belt dynamics are expected to produce
similar results whether they use L-sorted data or plasmapause-sorted data for lower band
whistler mode chorus waves.
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