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INTRODUCTION
We have modified an existing method for remotely sensing the
magnetospheric plasma density and applied it to the outer day-
side magnetosphere. Dynamic pressure changes in the solar
wind interact with the magnetosphere and compress it. Once the
front reaches the magnetopause, the impulse propagates through
the plasma. This wave also enhances the local magnetic field
strength.

OVERVIEW

Pressure fronts in the solar wind induce an impulse
in the terrestrial magnetosphere when they impact
it. These impulses propagate through the magneto-
sphere and are recorded by satellites. By measuring
the differential travel-times of these impulses from
different satellites the density distribution of the
plasma can be determined using a tomographic
reconstruction process.

I have created a density profile using minute-
averaged magnetometer data. This model utilizes
a modified form of travel-time magnetoseismology
initially developed by Chi and Russell [2]. In time
I hope to extend the model using higher resolution
datasets allowing the observation of small-timescale
processes.

MODEL OF PROPAGATION

Figure 1: The motion of the impulse can be separated into motion
along the equatorial plane and motion along the field lines[5]. Ini-
tially I was only interested in propagation along the SC line. Us-
ing the relation developed by Denton et al. [4], we can include
propagation along the field lines as well.
Image Credit: Chi and Russell[2]

METHODS 1
We have adapted travel-time magnetoseismology, originally de-
veloped by Chi and Russell[2]. However, we are solely using
satellite data for analysis, whereas their method involved ground
based sensors. Initially we are restricting ourselves to the dayside
magnetosphere. We have represented the travel-time integral as
a linear equation.
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In the equatorial plane, the impulse propagates at the fast-mode
speed
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v2s + v2A
c2 + v2A
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where c is the speed of light, and vA is the Alfvén speed, defined
as
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METHODS 2
An accurate model of the density is determined if we take into account propagation in the equatorial plane as well as propagation
along field lines to the satellites. Propagation along the field lines can be included if we assume a model for the density. I am using the
field line density model determined by Denton et al. [3][4]

ne = ne0(LRE/R)
α (4)

Where ne0 is the equatorial electron density, LRE is the equatorial radius and α is a parameter affecting the power law, typically 2.5 for
the plasmatrough of L=6-8. This allows us to solve for the profile in 3D. If the plasma is assumed to be cold, the ratio between fast-mode
and Alfvén speeds is approximately 1. The distance the impulse travels along the field line is folded into the distances traveled in the
equatorial plane. Once the density profile is determined, the density along the field lines can be produced.

METHODS 3
The direct travel-times from source to receiver can not be used
as we do not know when the impulse leaves the magnetopause.
We only know when satellites record the event. However, by
using the differential travel-time, the difference in recorded time
for two satellites recording the same event, there is a suitable
time interval for inversion purposes. Instead of the direct path
we are using both paths to either satellite to create a differential
length. GOES-13 and GOES-15 are well suited for this purpose.
The THEMIS family of satellites could also be used.

There is a substantial archive of publicly available high-quality
magnetometer data that we can access. We hope to create density
profiles for different solar wind and magnetopause configura-
tions. As well, this data can be correlated with data from the
ACE satellite to determine the pressure front orientation. This
can be used to estimate the time when the pressure front impacts
the magnetosphere, providing a way to remove the differential
travel-time which makes the problem more easily determined.
This provides us with all the tools we need to create density
profiles. As a proof of concept I have used a dataset consisting
of average travel-times of events from 1995-2005 in order to
produce a baseline density profile.

RESULTS 1

Figure 3: The region was separated into the regions bounded by
the gray lines. The values returned for each section is then in-
terpolated. We can see a dusk-dawn asymmetry which seems to
agree with previous models [1].

Figure 2: This is an example of an impulse event. At 17:00 we
see a fairly rapid increase of 50 nT taking place over 10 minutes
in the magnetometer data. Less obvious events occur after the
major event.

RESULTS 2

Figure 4: The density along the field lines as retrieved from the
averaged dataset. This is the density in the MLT=12 plane.

CONCLUSION
I am creating a method which allows us to observe the density
profile of plasma in the outer magnetosphere. Using one minute
averaged data we have obtained a density profile covering a wide
range of solar wind and local magnetospheric conditions. Future
work will include using higher resolution data to obtain more lo-
cally accurate density profiles.
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