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Abstract Global statistics of the amplitude distributions of hiss, lightning-generated, and other whistler
mode waves from terrestrial VLF transmitters have been obtained from the EXOS-D (Akebono) satellite in the
Earthes plasmasphere and “tted as functions &fand latitude for two geomagnetic activity rangesk; < 3
andK, > 3). In particular, the present study focuses on the inner zone [ 1.4,2] where reliable in situ
measurements were lacking. Such statistics are critically needed for an accurate assessment of the role and
relative dominance of each type of wave in the dynamics of the inner radiation belt. While VLF waves seem
to propagate mainly in a ducted mode at.  1.5...3 foK, < 3, they appear to be substantially unducted
during more disturbed periods &, > 3). Hiss waves are generally the most intense in the inner belt, and
lightning-generated and hiss wave intensities increase with geomagnetic activity. Lightning-generated
wave amplitudes generally peak withirlO of the equator in the regionL < 2 where magnetosonic wave
amplitudes are weak folK;, < 3. Based on this statistics, simpli*ed models of each wave type are presented.
Quasi-linear pitch angle and energy di usion rates of electrons by the full wave model are then calculated.
Corresponding electron lifetimes compare well with decay rates of trapped energetic electrons obtained
from Solar Anomalous and Magnetospheric Particle Explorer and other satellitet af 1.4,2].

1. Introduction

Satellites are known to be subject to failures caused by MeV electron "uxes trapped in Earthes radiation
belts and often intensi“ed during magnetic storms [e.g., seklorne et al.2013a]. Many of these satellites are
actually orbiting at low altitudes in the regionL < 2 where energetic electrons can damage electronic com-
ponents via integrated dose or single-event e ectsHlorne et al.2013a]. Therefore, accurately calculating
and forecasting the dynamical evolution of the energetic electron "uxes trapped in the inner regioh, 2is
of a great interest for both satellite design and protection. However, such radiation belt calculations, which
are performed by means of massively parallebmputations with dedicated codes solving the Fokker-Planck
di usion equation, make use of quasi-linear di usion coe cients [Kennel and Petschek966;Lyons et al.
1972] to take into account the various e ects of wave-particle interactions [e.g., s&bbotin et al.2011;
Suetal.2011;Horne et al.2013a, and references therein]. Thus, these codes require a precise knowledge of
the distribution of the whistler mode waves which are able to scatter particles into the loss cone (leading to
their loss in the atmosphere) or to di use them in energy.

The present study will mainly focus on the inner region of the plasmasphere comprising the inner electron
belt and one part of the slotfromL  1.4toL 2 where reliable wave statistics are still lacking/eredith

et al, 2012;Agapitov et al. 2013;Horne et al.2013b]. Following early observations of wave-induced precip-
itations [seeVampola and Kuckl978;Koons et al.1981;Voss et a).1984;Inan et al, 1984, and references
therein], Abel and Thorn§l998, 1999] later demonstrated that VLF waves radiated from lightning discharges
and terrestrial transmitters should play a major role in determining electron loss timescales in this region.
In the absence of reliable in situ statistics, ground-based measurements and rough statistics of these waves
combined with approximate transionospheric attenuations and ray tracing have been used to estimate the
local wave power in this domain of the radiation beltsfAbel and Thorngl998;Kulkarni et al.2008]. However,
the accuracy of these estimates has recentbeen called into question, with several reports of a possible
error of up to 1 order of magnitude concerning the actual value of the wave power [e.g., s&¥af et al, 2013].
Apart from these estimates, the Space Weather community has until today relied almost exclusively on the

AGAPITOV ET AL.

©2014. American Geophysical Union. All Rights Reserved. 2876



@AG U Journal of Geophysical Research: Space Physics 10.1002/2014JA019886

Combined Release and Radiation E ects Satellite (CRRES) data, which have only been publishid fat
and rely on some additional assumptions to deduce the magnetic component of the wave “eld from its
measured electric componentferedith et al.2007].

In the next section, we present new wave amplitude statistics obtained from “tting time-averaged data from
the EXOS-D (Akebono) satellit&jmura et al. 1990], which provides a very good coverage of the critical miss-
ingdomainL  1.3...2 (aswell as far 2...5) for waves ranging from hiss to VLF. It is a worthy complement
to other available databases limited to the regiol. 2 only. When other wave statistics from the recently
launched Van Allen Probes will become available too, some intercomparisons between these two data sets
should become worthy of interest. Moreover, we provide here some useful tables of the root-mean-square
(RMS) magnetic amplitud&, (L) of the di erent waves, obtained after averaging over magnetic local time
(MLT) forl. [ 1.4,2.25]. In general, the latitudinal variation of wave intensity will be shown to remain weak
for hiss, as well as for lightning-generated waves at latitudes> 10 . Wave amplitudes obtained from
Akebono are further compared with wave amplitudes measured onboard satellites CRRES and Dynamics
Explorer 1 (DE-1)Gurnett and Inan1988] in the overlapping domainL [ 2,2.5]. In the third section, the

e ects of the measured whistler mode waves at. [ 1.4, 2] on the trapped electron "uxes are addressed

by means of numerical calculations of the corresponding quasi-linear pitch angle and energy di usion coef-
“cients. Finally, the resulting electron lifetimes are compared with trapped "ux decay rates measured by
Solar Anomalous and Magnetospheric Particle Explorer (SAMPBZKér et al.2007] and other satellites at

L [ 1.4,2], demonstrating a reasonable overall agreement.

2. Spacecraft Statistics

2.1. Satellite Coverage

The EXOS-D (Akebono) spacecraft was launched on 22 February 1989 into an eccentric polar orbit with an
initial apogee of 10,500 km, a perigee of 272 km, an inclination @b.1 , and an orbital period 0f212 min
[Takagi et al.1993], primarily to investigate phenomena associateuth the acceleration of auroral particles.
Apart from the auroral imager whose CCDs were deggted by the harsh radiation environment in early 1995,
all onboard instruments are still healthy and operationaScienti“c results obtained from this spacecraft
include, among others, the demonstration of particle a@eration by an electric “eld parallel to geomag-
netic “eld lines [Abe et al, 1991], a quantitative study of ion out”ow from the polar ionosphereAbe et al,
1993], and the discovery and investigation of the characteristics of equatorial magnetosonic wau€siura
et al, 1990;Kasahara et aJ.1994].

In the present study, we shall only use the measurements of the VLF sensor, which records plasma waves
from a few Hz to 17.8 kHzKimura et al. 1990;Hashimoto et al.1997]. The electric components of the
plasma wave are taken from two sets of crossed dipole antennas with a total length of 60 m. The mag-
netic “eld components of the wave are measured by three orthogonal loop antennas and three orthogonal
search coils for frequencies above and below 800 Hz, respectively. The signals detected by the electric and
magnetic sensors are processed on board by a subsystem in the VLF instruments. In this paper, we only
considered the data obtained from the following subsystems: (1) the multichannel analyzer (MCA), which
measures one component oEand B“elds at 16 frequency points between 3.18 Hz and 17.8 kHz, and (2) the
wide-band receiver, which is an analog receiver for one component Bior B“eld below 15 kHz. The cover-
age of Akebono measurements is shown in Figure 1 for moderate geomagnetic activity conditioks ( 3).
Such coverage is well adapted for measurements inside the plasmaspheré.at1.4...3, but only high
latitudes are well covered outside of the plasmasphere &t> 3.5. This will probably lead to a relative over-
estimation of average chorus amplitudes in the trough, since they are known to peak around= 15 .25
[Agapitov et al. 2013;Artemyev et a).2013a]. The number of available wave measurementslat 2 is about

3 10°forK, < 3and1.5 10°forK,> 3.

2.2. Wave Measurements Onboard Akebono

More speci“cally, our main goal is to study the distribution ovet shells and latitudes of the
root-mean-square (RMS) amplitudes of whistler mode waves corresponding to plasmaspheric hiss
(0.1.1.5kHz) [Thorne et al.1973], lightning-generated (LG) wave4.6.10 kHz) Helliwel) 1969;Inan et al,

2007, 2010], and waves produced by terrestrial VLF transmittet8.@23 kHz) Helliwel] 1969;Smith and
Angeramj 1968]. These three separate frequency ranges are only approximate ones, but they correspond to
the ranges used in many recent works devoted to plasmaspheric wavésdredith et al.2007, 2009Artemyev

AGAPITOV ET AL.

©2014. American Geophysical Union. All Rights Reserved. 2877



@AG U Journal of Geophysical Research: Space Physics 10.1002/2014JA019886

8000 " 4000

12:00

Figure 1. The covering of the inner magnetosphere by AKEBONO measurements in 1989...1988 for0. 3. The (left)
MLT coverage and (right) latitudinal coverage are shown, respectively. Colors show the number of measurements.

et al, 2013b]. Moreover, our study will mostly focus on the inner region of the plasmasphere comprising the
inner electron belt and one part of the slotfromL  1.4toL 2, where detailed statistics of such waves are
still lacking. The present section will provide a quick statistics of these waves as measured by Akebono over
the range2.7 to 20.5 kHz atL = 1.4.2.25, usefully supplementing already available database&dapitov et

al,, 2013;Horne et al.2013b].

One peculiar feature of the VLF detector onboard Akebono is its covering of the wide range of frequencies
from about 3Hz to 21 kHz by16 separate channels with wide bandwidths 0.3 times the channeles cen-

tral frequency and an e ective passband (for nominal gain) 0.3 times the central frequency. However, this
makes it sometimes impossible to discriminate between wave modes by their frequencies alone; there may
be several wave modes in one channel, especially at high> 2.5 where chorus, VLF waves from transmit-
ters, magnetosonic, and LG waves might coexist. The frequenciesf all these waves are much smaller than
the local electron gyrofrequency ., which is itself smaller than the plasma frequency . near the equa-

tor for L > 1.4. In general, however, all the aforementioned wave types have distinct frequency ranges or
di erent regions (or conditions) of generation and thus can be distinguished in the statistical analysis.

One such problem concerns the discrimination between similar-frequency very oblique fast magnetosonic
waves Kasahara et a].1994;Nemec et al.2005] and mostly parallel hiss waves. But Cluster observations
show that (i) fast magnetosonic waves are mainly present bt> 2, with rapidly decreasing occurrences

and average intensity as decreases and (ii) they appear to be con“ned to latitudes< 2.6 atL < 25
[Mourenas et a).2013]. Moreover, previous CRRES statistick at 2 and Cluster statisticsat. ~ 2.25 have
demonstrated that magnetosonic wave amplitudes are much smaller than hiss amplitudes during low geo-
magnetic activity periods Meredith et al.2009;Mourenas et a).2013]. Thus, we can simply assume in the
following that all of the observed waves at low frequencie200Hz to 2 kHz over the rangeL = 1.4.2.2 when

K, < 3are really plasmaspheric hiss waves. Still, some waves at high latitudes will actually be lower hybrid
waves. We cannot readily discriminate between lower hybrid and VLF waves. In subsequent numerical calcu-
lations of di usion coe cients, however, it will be easy to stop integrating over latitude before the VLF wave
frequency reaches the local lower hybrid frequency. To this aim, as well as to provide plots as a function of
normalized frequencies, we make use of the local equatorial electron gyrofrequency,, obtained from the
International Geomagnetic Reference Field and Tsyganenko models (from now on, subscripts *0Z indicate
equatorial values).

2.3. Measured Wave Amplitude Distributions: Overview

Let us give a brief overview of the general statistics of the waves measured by Akebono. The distribution of
latitudinally averaged RMS wave amplitudeB, is displayed in Figure 2 as a function df for di erent fre-
guency channels of the MCA VLF detector of Akebono, separately in the night and day sectors, during low
geomegnatic activity €, < 3). AtL  1.3to 2.25, one can notice the similar amplitudes of low-frequency
hiss waves (' 1 kHz) on the nightside and on the dayside, contrasting with the much higher amplitude of
higher-frequency LG and VLF waves in the night sector than in the day sector. Higher LG wave amplitudes
on the nightside are fully consistent with a lower attenuation of electromagnetic waves along their path
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Figure 2. Distributions of RMS wave amplitudes averaged over latitude (.30 ) for K, < 3 as a function ofL in eight
di erent frequency channels. Day and night sectors correspond to “lled circles and empty circles, respectively.

through the ionosphere during the night, as the plasma density is then lower than during the dayiglliwell
1965;Nemec et al.2010]. Wave amplitudes decrease roughly like 2 4 as frequency increases dt < 3,
except for the VLF waves. Thus, hiss waves are the most intense, with RMS amplitBges10 pT. RMS ampli-
tudes of observed LG and VLF waves are smalb(2...1 pT) whel, < 3, with 10% to 20% occurrence rates
on the nightside atL < 2. AtL 3...5, measurements are mainly restricted to o -equatorial regions and lower
band chorus waves with frequencies 1 to 4 kHz generated outside the plasmapause dominate at> 3.5.4
with higher amplitudes ¢ 5 pT) at higherL shells, in agreement with Cluster statisticé\papitov et al, 2013].

The full wave data obtained in these di erent frequency channels have been further averaged over
MLT; then, mean-square-root polynomial “ts of the wave amplitude as a function of latitude have been
obtained in each frequency range and fok values ranging from1.3 to 5 (with a step of0.1), under the
form log,o(B,) = :igal fwith in degrees andB,, in pT, for bothK, < 3andK, > 3. The correspond-
ing RMS wave spectral density has been plotted in Figure 3 after averaging olzer [ 1.2,1.8] for the day
and night sectors separately. Amplitudes are displayed as a function of frequency and latitude upward
from the equator in two geomagnetic activity rangesk, < 3andkK, > 3). The empirical “ts provided by
Meredith et al[2007] forL 2 for hiss and LG waves have been superimposed for comparison purposes.
The latter consist of two Gaussians: 0.7 exp(S0.5(f S 350)2 200%) pT HZ 2 from 100Hz to 1 kHz and

0.2 exp(S0.5(f S 10002 80(%) pT HZ 2 from 1 kHz to3 kHz, withf the wave frequency in HzMeredith et
al., 2007]. We also superimposed two more rough “ts for the remaining LG and VLF wave€.5 10* 3?2
pT HZ 2 from 3to 13kHz and a Gaussian 0.01 exp(S0.5(f S 20,000)2 3,000%) pT HZ 2 from 13kHz to
23kHz. Such dependences appear legitimate féf, < 6atL < 1.8 but only for low geomagnetic activity
K, < 3atL < 3because an additional presence of chorus waves (due to a closer plasmapause) may other-
wise increase the wave power in the range frort kHz to 8...10 kHz, as it is indeed the case in Figure 4 (where
spectral density has been averaged ovér= 1.8..3). Akebono statistics of hiss and LG wave amplitudes at
L = 1.2.3 are therefore consistent with CRRES “ts and results obtained in the narrower rarige 2.2.5
[Meredith et al.2007] during periods of low geomagnetic activity.

2.4. Measured Wave Amplitude Distributions: Hiss and LG Waves
It is worth emphasizing that there is no indication of any signi“cant dependence of hiss RMS amplitudes
on latitude (for f < 1 kHz), consistent with Cluster and CRRES observationk at2 [Agapitov et al,

AGAPITOV ET AL.

©2014. American Geophysical Union. All Rights Reserved. 2879



@AG U Journal of Geophysical Research: Space Physics 10.1002/2014JA019886

100kQ . day sector, Kp<3 Itb 3‘2\\; night sector, Kp<3.
F o R N
&7
¥ 010 ]
Io.
>
= NN
N 2]
o LN .
0.01F l N
| \ N
\ \ \{
:\ | LN :1 | LN
1 ookC . . day sector, Kp>3 | d §\\ night sector, Kp>3|
— - N \ - .\\Q\
o~ b\ 4 \\
EY \ K\g
I - - -
T 010p \
= o\ =
a N =
S e
= OR =
I8 e\ =
0.01F®2 = 1
N =
A=
100 1000 10000 100

I [Hz] f [Hz]
L-Shell from 1.2 to 1.8
Figure 3. RMS wave spectral density as a function of frequency for= 1.2 to 1.8 in the day and night sectors. Ampli-
tudes are plotted as a function of latitude averaged oves with 5 steps upward from the equator (from red to black).

Geomagnetic activity rangess, < 3 and K, > 3 correspond to top and bottom, respectively. Dashed curves correspond
to empirical “ts of Meredith et al[2007] forL 2 for hiss and LG waves (see text).

2013;Artemyev et a).2013b;Meredith et al.2007]. We shall later build on this important fact to provide
latitude-averaged hiss amplitudes. As shown in Figures 3 and 4, hiss amplitudes do not increase strongly
with geomagnetic acitvity from the rangeK, < 3tothe rangeK, > 3, atleast at lowl < 2. Betweenl kHz
and 7.5 kHz, LG waves RMS amplitudes vary with latitude by about a factorxfdecreasing with latitude),
with almost no variation for > 10 after averaging over MLT. Actually, Cluster observations have shown
that waves with frequencies 200 Hz to2 kHz near the equator may also consist of very oblique fast mag-
netosonic waves (also called equatorial noiséj¢mec et al.2005;Mourenas et a).2013]. But magnetosonic
wave intensity should be small ( 1 pT) in general alL < 2whenK; < 3, with quickly dropping intensities
at frequencies > | 4[e.g., seeMeredith et al.2009;Mourenas et a).2013], i.e., for frequencies larger
than about 1 kHz forL [ 1.5, 2]. Cluster measurements have also shown that magnetosonic wave power
decreases fastat > 3 forL < 2.5[Mourenas et a.2013]. In contrast, the increase near the equator of
the RMS amplitude of waves in the LG frequency range measured by Akebono occurs frtbkiHz up to

5 kHz. Moreover, this increase is presentupto 10 on the nightside (see Figure 2). All these facts taken
together suggest that the considered waves are mainly LG whistlers. The higher intensity of these waves
at < 10 may be due to their more e cient ducting at lower latitudes in this region. At higher latitudes,
whistler mode waves tend to propagate toward higher plasma density regions and then get re”ected and
further spread out over the wholel = 1.2..3 domain, which could indeed diminish their average intensity.
Thus, it appears that one may use a constant RMS amplitulg(L) (averaged over both latitude and MLT) for
LG waves when calculating loss rates of energetic electrondat 2, but only at latitudes > 10 . Between
the equator and10 , the measured variation of wave power should also been taken into account, since it can
have an important e ect on the minima of di usion rates at high-equatorial pitch angles , > 60 (which
often determine electron lifetimes at low energy; see section 3.1 and the works Bybert and Shpritf2009]
and Artemyev et al[2013b]).
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Figure 4. The same as in Figure 3 but for = 1.8to 3.

2.5. Measured Wave Amplitude Distributions: VLF Waves

RMS amplitudes of VLF wave$.b. 21.5 kHz) can be seen to vary with latitude in Figure 3 fdr < 1.8.

ForK, < 3, the higher-frequency part abovel5 kHz remains almost constant (within error bars) as lati-
tude varies, while the portion aroundl0 kHz (which may partly consist of LG waves) decreases rapidly with
latitude between = 0and = 10, remaining roughly constant afterward after averaging over MLT. Con-
versely, foll > 1.8andK; < 3,B,( ) varies by less thar20% around the mean value (see Figure 4). Thus,
using the latitudinally averaged RMS amplitude of VLF waves seems to be a reasonable approximation for
calculating electron scattering during geomagnetically quiet or moderately active periods such thgf < 3,
but again, only for > 10 atL < 2. Atlower latitudes, the observed variation of wave power must also be
taken into account.

For VLF (15 kHz) waves, the Gendrin and resonance cone anglgs = arccog2 e and | =

arccog ce)@resuchthat ;70 .80 nearthe equator forL = 1.5.2and 4 < 70 athigherL > 2.
Therefore, the moderate latitudinal dependence of VLF wave amplitude for= 1.4..3 during low geomag-
netic activity suggests that wave-normal angles do not increase strongly during wave propagation from
low-altitude entry (i.e., high latitude) up to the equatorial plane. It corresponds to a mainly ducted propa-
gation of VLF waves ak. = 1.5.3for K, < 3, in agreement with many past studies [e.g., se@erisier1974;
Burgess and Ingri993;Clilverd and Hornel996;Clilverd et al.2008;Rodger et a).2009, 2010, and refer-
ences therein]. Similarly, high-frequency LG waves kHz) are probably mostly ducted at > 2.5, which
agrees well with the reported absence of wave propagation above the electron half-gyrofrequency limit at
such high frequenciesiNemec et al.2010;Smith et al, 1960]. However, no de“nite inference can be drawn
from the weak-latitude dependence of amplitudes for lower frequency waves, because their Gendrin and
resonance cone angles are much closer 80 .

Conversely, during highly disturbed periodsq, > 3), the RMS amplitude of VLF waves now increases
with latitude by factors 2 (forL [ 1.8,3])to 3 (forL [ 1.2,1.8]) between the equator and 30.
Latitude-increasing VLF wave amplitudes have also been reported based on DE-1 measuremerit$.8kHz
waves atL [ 1.5,2] [Green et a).2006]. Such a behavior is consistent with ray-tracing simulations
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Figure 5. The same as in Figure 3 but fac = 3to 5.

of unducted waves showing an increase of the wave-normal angle along propagation, frd@30 at
(high-latitude) entry points into the lower magnetosphere up td60..60 at the equator [Abel and Thorng
1998;Kulkarni et al.2008]. Such an increase of the obliquity of whistler mode waves should indeed be
accompanied by a corresponding decrease of their magnetic “eld componem, [e.g., seeStix 1962;
Verkhoglyadova et gl2010]. Indirect but convincing experimental evidence of a similarly unducted prop-
agation of high-frequency whistlers during geomagnetically disturbed periods has been reported Bgter
and Inan[2004]. In such a case, using a constant latitudinally averaged VLF wave amplitude could lead to sig-
ni“cant errors in electron scattering rates. A general increase of unducted propagation of VLF waves during
disturbed periods does not contradict the results oThomson et al[1997], which found a somewhat higher

e ciency of ducted transmission of VLF signals for highei, atL [ 1.8,2.6]: it simply means that more
wave power should be partly (or temporarily) trapped inside ducts during lo, periods than it may seem
when only studying the signals “nally reaching the vicinity of the conjugate region. Moreover, the increase
in transmission e ciency observed byThomson et al[1997] is much less apparent over the rangs, [ 2,5]
which represents the major part of any real-time statistics [s@éhomson et a).1997, Figure 6].

Surprisingly, the “ts to CRRES average wave spectra obtained at 2 [Meredith et al.2007] turn out to
remain quite close to Akebono spectra measured in the domain = 3.5 at medium to high latitudes

> 10 .15 (see Figure 5). But this is true for low geomagnetic activitgy < 3 only, when the average
plasmapause position is located dt > 4.2 [O+Brien and Moldwir2003]. FoK, > 3, the plasmapause comes
closer to the Earth. Then, intense chorus waves generated by strong injections of 30...50 keV electrons from
the plasmasheet are seen to dominate the wave spectrum abode&kHz.

2.6. Simpli“ed Modeling of Observed Waves
In the next section, we shall use the average wave amplitude statistics from Akebono presented above to
calculate electron pitch angle and energy quasi-linear di usion coe cients, as well as lifetimes. To this aim,
the wave spectra have been further approximated by three Gaussians such tB@(L )= Eﬁv(L) exp(S( S
m? 2) corresponding to hiss, LG, and VLF waves, with mean frequencigs widths , lower cuto s
Lo and upper cutos ¢ given in Table 1.
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Table 1. Characteristic Frequency Parameters Latitudinally averaged RMS wave amplitudes, (L)
(in kHz) of the Three Gaussian Fits to Spectra of ~ Obtained from one-component measurements onboard
Measured Hiss (0.2...1.3 kHz), Lightning-Generated Akebono fromL = 1.4to L = 2.25in the inner belt and

SIS { oo ) B LS RS slot regions are provided in Table 2 foK, < 3andK, > 3.
( 7.5...21 kHz) as a Functionlofor K, < 3 L .
Note that an additional running average over the closest
Hiss LG VLF neighboring Lshells has been performed to obtain these
m 2 0.35 2 15 values. Hiss wave amplitudes can be assumed as nearly
2 0.35 2.4 7.5 constant as a function of latitude folL < 2. For LG waves
c 2 0.2 1.0 75 atlL< 2, however, a constant average amplitude can only

uc 2 £ LY s be used for > 10 . Closer to the equator (for < 10 ), a

rough multiplying factor Mg max((10S ) 1.3)' 3,1)
(with  in degree) is therefore applied to the average amplitude fdr  1.4...2 an#; < 3, to account for the
observed latitudinal variation (at highel. > 2 or for K; > 3, one may takeM,;  1). For VLF waves dt< 2
and forK; < 3, the amplitude multiplicative factor becomedv,, ;;  max((10 S ) 2512 1)for < 10.
As concerns VLF waves whef, > 3, their amplitude variation with latitude can be roughly approximated
by a multiplicative factorMy, r, ( maxne T 0-75) with lforL 1.4.19and 0.7forL [ 2,3].
The latitude at which one reaches an altitude a2000km on a given “eld line Lis 5, ne(L): it cOrresponds
roughly to the maximum latitude of our wave statistics at. < 3. Note that the trapping (or not) of whistler
waves into “eld-aligned ducts of enhanced density is also believed to occur at altitude2000 km Helliwell
1965;Strangeways and Rycroft980;Gorney and Thornel980]. The RMS amplitudes corresponding
to the 5% most intense waves recorded onboard Akebono have also been examined. It appears that mea-
sured hiss, lightning, and VLF wave amplitudes can increase by factods5...2 from their values during low
geomagnetic activity periods, which agrees well with results from CRRE® at 2. 3 [Meredith et al.2007].

The measured MLT-averaged hiss and LG waves RMS amplitudes are in rough agreement with correspond-
ing values obtained from DE-1 and CRRES datd.at 2andL  2.25, although hiss amplitudes measured
by Akebono appear sensibly smaller than CRRES values. Similarly, VLF wave amplitudes from DE-1 compare
well with Akebonoresults atl = 2andL  2.25. Hiss waves have the largest amplitudes (around 10...15 pT),
while LG and VLF waves have similar RMS amplitudgs (  1.5.3 pT). A relative maximum of both LG and
VLF wave amplitude can be seen near= 1.6, while hiss amplitudes smoothly decrease toward lowshells.
The maximum of LG wave intensity dt 1.6 correlates well with the peak at 38 of wave power in the
range 3...6 kHz observed on DEMETH#Rrjec et al.2010]. In general, the averaged (over MLT and latitude)
amplitudes of hiss and LG waves increase only slightly0fo to 30%) fromK, < 3to K, > 3in the domain
L [ 1.4,2],i.e., lessthanfoL > 2where hiss amplitudes ris&0% to 100% (see Figure 2). The increase of
plasmaspheric hiss wave power dur-
ing magnetically disturbed periods

Table 2. MLT-Averaged and Latitude-Averaged (FronD up to probably originates in the increase of

30 .35 ) RMS Wave Amplitudes (in pT) of the Three Gaussian

Fits for Hiss (0.2...1.3 kHz), Lightning-Generated Whistlers the intensity of hiss-seeding chorus
( 1.3...7.5 kHz), and VLF Waves (7.5...21 kHz) One-Component waves generated outside of a closer
Measurements Onboard Akebono, as a Function bfor K, < 3 plasmapause Bortnik et al, 2008]. The
andK, > 3, Respectively smaller increase at lowet. < 2 may
K,<3 <3 <3 K>3 >3 >3 be related to a preferential focusing of
L Hiss LG VLF Hiss LG VLF incoming hiss-seeding chorus waves in
1.4 9 1.7 2 8 2.4 25 more numerous high-density ducts at
15 9 1.9 2.5 115 22 3 L > 2 near the edge of the compressed
16 10 2225 11 25 3 plasmasphere [e.g., sedayakawa and
1; E ;é ; ig ;g 3 Tanaka 1978;Chen et al.2012], but it
20 16 25 15 17 3 2 could also be caused by a larger absorp-
2.25 15 2.7 1.1 17 3.5 1 tion at low altitudes due to an increased
2 (CRRES) 23 3 30 4 electron density. The slight increase of
e =5 0 e LG wave power could be caused by the
2.3 (DE-1) 12 25 1 15 3 1

partial con“nement of these waves into

aCorresponding values for quiet and active conditions a smaller-volume plasmasphere during
from CRRES and DE-1, when available, are also indicated [see disturbed periods or to a smal