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BATSRUS Information

¢ BATSRUS solves the ideal MHD equations
using an adaptive mesh. In this run the
smallest resolution was 1/8 R. After the
initial setup, the grid was fixed.

¢ The box was from =255 to 33 R¢ in the GSM x
direction and —48 to 48 R; in the other two
directions.

¢ The FACs at 4 R. are mapped along dipole

field lines to the ionosphere to calculate the
electrostatic potential in the ionosphere.



o Fok Model

¢ The Fok Radiation Belt and Ring Current
Models calculate the evolution of the ring
current particle fluxes by solving a
bounce-averaged Boltzmann transport
equation.

@ The model uses a combined drift-
diffusion approach.

@2 The particle drift terms include gradient-
curvature drift and ExB drift (includes
corotation and the ionospheric electric field).

@2 The diffusion term is radial diffusion.




o Fok Model

# The Fok Radiation Belt and Ring Current Models
use the ionospheric potential and magnetic field
from the BATSRUS model.

¢ The Fok Ring Current Model uses the density
and temperature from the BATSRUS model at
the Ring Current Model’s outer boundary.

& The Fok Radiation Belt Model can either use the
density and temperature from the MHD model
or use an empirical formula to calculate a
uniform density and temperature for the
boundary.

# The pitch-angle distribution at the model’s outer
boundary is assumed to be isotropic.

¢ For the initial source population, the energy
distribution is assumed to be a Kappa
distribution.



April 19, 2002 LANL Data
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o Solar Wind Data April 18-24, 2002
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Log(Electron Flux (#/cm?2/s/sr/keV))
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Aprll 20, 2002 LANL Data
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Model Results for April 20
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Potential (kV) -

Potential (kV)

Time (Hours)

April 19

 April 20

Cross Polar Cap Potential

Most of the activity seen in
the ring current model is
associated with changes in
the ionospheric potential.



Model and Data Comparison
Magnitude Comparison

The model flux results typically range in magnitude:
= 62.5 keV: 106- 107
2 90 keV: 10°>>— 106>
m 137.5 keV: 1045- 106
= 187.5 keV: 104> - 102>
m 270 keV: 104-10°

The data flux results typically range in magnitude:
= 50-75 keV: 104>- 106
= 75-105 keV: 104-10°
= 105-150 keV: 104—-10°
= 150-225 keV: 102>- 104
= 225-315 keV: 102- 103>

The model results tend to be higher in flux than the data. This
corresponds to the density being too high at the boundary.

Both have approximately 2.5 order of magnitude spread in flux
levels from the highest energy (blue) bin to the lowest energy

(black) bin shown in the plots. This corresponds to getting the
mean energy about right.



o Model and Data Comparison

Fluctuations

¢ Both model and data show very little
fluctuations for the little activity for the first
10 hours of April 19. Both model and data
show more fluctuations after 10 hours. The
model shows more activity and the
magnitude of the fluctuations are significantly
higher for the data.

@ For Apri

20, the model s

NOWS some activity

for the first 5 hours but is quiet for the

remainc

er of theday. T

nere iIs more activity

in the data and it lasts most of the day.



o Model and Data Comparison

Features seen in the data and missing
in the model results for this event

¢ Large magnitude dispersionless
injections
=2 April 19 15:00
¢ Flux dropouts
= April 20 1:00 - 2:00
% Long-term flux decreases
= April 20 2:00 — 5:00




Other Cases

¢ In simulated solar wind runs, we have seen
dispersionless injections and flux dropouts.
The flux dropouts are more apparent in the
simulation of protons than for electrons.

% The dropouts and dispersionless injections
occur when there is magnetic field stretching
in the tail followed by reconnection.

¢ The flux dropouts are shorter duration than
the examples seen in the April event. The tail
stretching is on a time span of 20 minutes.



Simulated Solar Wind Data
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Geosynchronous Plots
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Equatorial Plane Plots
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03/21/2002 Time = 17:16:00 y= 0.00R;

Magnetospheric Plots
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o Solar Wind Data May 2-6, 1998
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Log(Electron Flux (#/cm2/s/sr/keV))
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o Radiation Belt Comparison

¢ For both the empirical and BATSRUS MHD boundary,
the magnitudes of the electron flux are higher than
the observed flux levels in the data at the beginning
of the run.

¢ The magnitudes of the fluxes are closer to the data
during the recovery phase but still higher than the
data.

& Between 20 and 35 hours, both the model and the
data see a decrease in the flux. There are other flux
decreases that are seen in the

# The models are missing the flux increase from 60 to
80 hours. The model does not have an energy
diffusion term to account for interaction with waves.



o Conclusions

¢ Using real solar wind data, the ring current is mainly
driven by changes in ionospheric potential.

& During these events, flux dropouts are not seen and
injections tend to be smaller.

¢ Using simplified solar wind, dipolarization in the tail
magnetic field can be seen in the MHD model.
During dipolarization, the ring current model does
show flux dropouts and larger injections.

¢ The magnitude of the fluxes tend to be higher than
the data in both the ring current and radiation belt
models.

¢ The model is missing the flux increase seen in the
data during storm recovery.



Future Work

¢ Better resolution in the MHD simulation in the
tail region will allow better resolution of thin
current sheets and may improve the ring
current and radiation belt simulation.

¢ The contribution of the radial diffusion term
to changes in energy is small compared with
other terms. Additional testing of the
diffusion term is required.

¢ Addition of an energy diffusion term in the
radiation belt will allow better modeling of the
recovery phase of the storm.
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