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On Jan 7th 2014 a
large CME launched
from the Sun towards
Mars. . . And Earth was
in the very edge of
the path receiving a
glancing blow on Jan
9th.

Möstl et al 2015

THEMIS happened
to be near the
magnetopause
allowing for us
to determine
the exact time
that the ICMEShock hit the
magnetosphere.

During this time the Van Allen Probes A and B as
well as GOES 13 and 15 were all on the day side of
the magnetosphere in the ecliptic plane. Floating
in the stratosphere, three BARREL balloons, 2K,
2L, and 2X mapped to this same region.
This gives a very nice array of observations to
study this event. Another bonus is that there
was no geomagnetic storm or substorm at this
time so all activity we observe is due to the
magnetospheric compression.

Where’s the
ocean science
posters?

http://themis.ssl.berkeley.edu/summary.php
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As you can
see,Themis
saw the
magnetopause
sweep by
at about
20:10:30 UT.
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January 9th - The CME arrival
region of chorus and EMIC
wave enhancement and
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After the shock hit, both Van Allen
probes saw an electric field impulse as
well as a response in the magnetic field.
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e.g. Wygant et al 1994

Lf = 5.8, 𝛿t = 240s, E= -3.5 mV/m
=> Lo = 6.8 and the final loss cone will be larger
Assuming conservation
of the first and second
adiabatic invariant.

we can determine how far
Earthward the
magnetopause was
pushed. For this event it’s
about one Earth Radius.
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e.g. Shultz and Lanzerotti 1974

For Lf = 5.8, Lo = 6.8 => ↵eqf > ↵eqo
We can also determine
how the loss cone and
pitch angle will
change as the particle
moved Earthward.

As a particle moves Earthward,
the rate the pitch angle
increases is slower than the rate
the loss cone increases.
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As we can see here, particles with pitch angles initially
within ~0.5 deg of the initial loss cone will be lost as
they move in 1 RE due to the electric field impulse

6.8
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Change in pressure
temperature anisotropy
Change in A
By pushing the particles
Earthward and changing
their pitch angle, we
also change the
temperature anisotropy
like Southwood and
Kivelson did in 1975 for
EMIC observations from
AMPTE during a
compression event

We can see how
the temperature
anisotropy is
changing at the
location of the
spacecraft which is
different from
the change in
the plasma
element we’ve
been considering.
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temperature
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We can see how this potentially affects
growth rates of EMIC waves using Kozyra et
al 1984 and the observed plasma conditions
Here’s An EMIC wave that
shows up at RBSP-B, just
as one would expect.
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EMIC waves are able
to change the local
particle population
though pitch angle
scattering. We know
that it’s energy
selective and will
only resonate with
greater than ~1 MeV
electrons

891.9 keV

MagEIS RBSP-B

Plotting only the
pitch angles closest
to the loss cone
shows very clearly
that there is a
lower energy cut
off at around 1 MeV.

RBSP-B
outside plasmasphere
Chorus

We see the same
thing happening
with the
electrons and the
generation of
whistler mode
chorus outside of
the plasmasphere
and hiss inside the
plasmasphere.

RBSP-A
inside Plasmasphere
Hiss
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We can look for the loss at The location of the
satellite as we did with the EMIC wave, but we can
also at it from the stratosphere. BARREL was a
balloon array designed to study the loss of
radiation belt electrons from the Earth’s Van Allen
belts.
As the electrons enter the atmosphere, they
interact with atmospheric neutrals creating a
Bremsstrahlung cascade of X-rays with energies up
to the energy of the precipitating electron.
The balloons carried a sodium iodide scintillator
which measures these X-rays. From this we can infer
back the energy spectrum and flux of the
precipitating population.

BARREL:
Balloon Array for Radiation belt
Relativistic Electron Losses
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During the ICMEshock 6 payloads
floating around
the Antarctic
continent. Three
payloads, 2K, 2X,
and 2L happened
to be on the day
side and mapped
close to the Van
Allen Probes.
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Using BARREL we
can infer that
there was
electron
precipitation
outside of the
plasmasphere
during this
compression
event. Some of
these particles
were likely lost
due to the
population moving
Earthward

FSPC-1a < 40 keV

higher L-value than RBSP-B
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Using the
observed
plasma and
wave data,
we can
determine
the pitch
angle
scattering
of the
particle
population
from chorus
waves

10-4

10-5

0

20

40
pitch angle

60

80
Halford et al 2015

We can also infer
the precipitating
population energy
spectrum from the
Balloon X-ray
data. Assuming an
exponential
energy spectra
gives an e-folding
energy of 106 keV,
but this is not hard
enough to explain
the observations.
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The best fit mono energetic population
of 313 keV also does not preform as well
as the spectra observed by MagEIS.

So to conclude During the ICME-Shock arrival on 9 January 2014 the
magnetopause was compressed by 1 RE.
This compression led to particles moving Earthward
and those within 0.5 degrees of the initial loss cone
would have been lost immediately.
ThE compression also leads to a change in the
temperature anisotropy which in turn leads to the
generation of EMIC and Whistler mode Chorus and
Hiss waves.
These waves in turn generate additional
precipitation at specific energies.

Future work will continue efforts to model the
total precipitation due to the waves in order to
compare to the observed precipitation at BARREL.
Other efforts will also consider effects from ULF
waves on 1) the higher frequency wave-particle
dynamics, and 2) their ability to affect particle
loss.
This will also allow us to determine the relative
contribution from the individual loss mechanisms to
the atmosphere which may in turn help better
understand the relative contribution of these
processes during much more complicated event times
such as during geomagnetic storms.

Thank you for coming to my poster. If you would like
reprints or would like to leave a comment please
use the space below.

