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Abstract

Whistler mode waves play an important role in energy dy-
namics of Earth’s magnetosphere. A majority of the previ-
ous work on whistler mode raytracing in the Earth’s mag-
netosphere was done assuming a cold background plasma
(0 k) even though the temperature of electrons and ions
is around 1eV In this work we present our recent results
on power distribution and lifetime of whistler mode waves
with the inclusion of finite electron and ion temperature.
The simulated power distribution results with finite temper-
ature effects show a better agreement with the Van-Allen
Probe space craft observations than the simulated results
under cold plasma assumptions.

1 Introduction

Whistler mode waves play a dominant role in magneto-
spheric energy dynamics. Majority of the previous work on
whistler mode raytracing was done assuming a cold mag-
netospheric plasma, although the actual magnetospheric
plasma is around 1eV . In [4] authors analyzed the modifi-
cations to the refractive index surface with the inclusion of
finite electron and ion temperature. In [5] we analyzed the
modifications observed in the ray trajectories with the inclu-
sion of finite electron and ion temperature. In this work we
present the power attenuation of whistler mode waves due
to parallel resonant interaction with the suprathermal elec-
trons (Landau damping) and compare our simulated power
distribution results with Van Allen Probe space craft obser-
vations.

2 Technical Approach

Warm plasma corrections were introduced to the 3D cold
plasma raytracer developed at Stanford University. With
the introduction of temperature effects the mathematical
complexity of the project was increased. The ray trajec-
tory of the whistler mode waves is calculated by solving
the Haselgrove equations [3]. For the Haselgrove equations
medium properties enter via refractive index (µ). Equation
(1) shows the dispersion relation of whistler mode waves
under warm plasma conditions which is solved at each step
of the ray trajectory in order to calculate the refractive in-
dex.
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In above Equation (1),µ indicates the refractive index, the
parameters A1,B1 and C1 are warm plasma parameters that
are functions of wave normal angle, plasma frequency and
cyclotron frequency. The parameters A0,B0 and C0 are cold
plasma parameters that are functions of wave normal an-
gle and Stix parameters. The parameter qT is a function of
temperature, mass of the particle and the density as given in
Equation (2). In Equation (2) kB is the Boltzmann constant,
T and m are the temperature and mass respectively and the
subscript s indicate different species, c is the speed of light.
Further details of the formulation are provided in [4].

In order to implement Landau damping and lifetime of the
whistler mode waves we have considered the same high en-
ergy electron distribution as in [1].

3 Results

3.1 Power Distribution

In order to analyze the power distribution of whistler
mode waves through the Earth’s magnetosphere,
the following source locations were considered;
2.26RE ,2.76RE ,3.26RE ,4.26RE ,4.76RE . All sources
were assumed to be of equal power. All simulation results
were produced by using the Global Core Plasmasphere
Model as the background plasma density model with
kp = 4. Hence the location of the plasma pause was at
3.76RE . The dipole model was used for the geomagnetic
field. Frequency range of the simulated ray trajectories
was from 100Hz to 3.5kHz, with 100Hz increments and
each ray with a specific frequency was launched with
three different wave normal angles 0◦,30◦ and 65◦. In
order to directly compare with the Van Allen Probe space
craft observations, the Magnetic Local Time (MLT) of
the simulations were set to 06. For the warm plasma



assumptions the temperature value for electrons was set to
26500K and the ion temperature was set to 11604K based
on the observations made in [2].
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Figure 1. Normalized power distribution under cold plasma
assumptions.
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Figure 2. Normalized power distribution under warm
plasma assumptions.

Figure 1 above depicts the power distribution under cold
plasma assumption normalized at each frequency with re-
spect to the distance from the plasma pause ∆L. In all
above figures positive ∆L measurements indicate the dis-
tances outward Earth and negative ∆L measurements indi-
cate the distances toward the Earth. Figure 2 shows the
normalized power distribution with the inclusion of finite
electron and ion temperature. Although both plots show
an agreement with the Van Allen Probe space craft obser-
vations, the energy confinement that can be seen around
0 < ∆L < 1 in fig. 1 for frequencies 1kHz− 2kHz can not
be seen in fig. 2. Which is also not observed either in Van
Allen Probe results.

Figure 3 shows the difference between the two power dis-
tributions (warm -cold), normalized at each frequency. One
interesting observation is that under warm plasma assump-
tions, power confinement moves towards the Earth as fre-
quency increases. That property is also observed in Van
Allen Probe observations. Therefore inclusion of finite
electron and ion temperature improved the agreement be-
tween the simulated results and observations.
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Figure 3. Normalized difference (warm-cold) of power dis-
tributions.

In addition to the power distribution, we also analyzed the
lifetime of whistler mode waves (time taken to reduce the
wave power by 10dB from the initial power) under cold and
warm plasma assumptions.
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