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   Lethal doses of radiation dominate Earth’s near-space environment at alti-
tudes between 700 km and 50,000 km.  In this region, highly energetic par-
ticles orbit our planet in two concentric toroids known as the Van Allen Ra-
diation Belts.  These particles, which are trapped by the dipole structure of 
the Earth’s magnetic field,  can remain in orbit for many months or even years 
and pose a significant threat to both humans and robotic missions in Earth 
orbit - degrading electronics and materials in spacecraft systems and poten-
tially causing biological damage to astronauts.  While these particles have 
always been there,  increased human and satellite presence in Earth orbit has 
made understanding these energetic ions and electrons a priority.  In particu-
lar, the dynamic nature of the radiation belts and their response to solar 
storms and activity makes it difficult to ensure the safety of satellites and as-
tronauts in space through positioning alone.  Thus, there is a need for space 
weather modeling and forecasting in order to develop hazard prediction and 
assessment for space missions.

Background

Space Weather Modeling

- Is important for predicting potentially damaging radiation environments 
that will be encountered by satellites,  spacecraft,  and astronauts

- Warning that a solar storm is heading toward Earth is available only three 
days in advance

- Accuracy of the forecasted effects remains low since models that simulate 
the interaction of solar storms with the Earth’s radiation belts typically take 
weeks or even months to run

- The potential space hazards that develop around other planets during 
such storms are even less well known

- Particular uncertainties include the environments that astronauts and ro-
botic spacecraft might encounter on an extended journey to the Moon,  Mars 
or elsewhere in our solar system

- Radiation environments are in a constant state of modulation, due to their 
interactions with a perpetual stream of energetic particles from the Sun 
called the solar wind.  This solar wind carries with it the interplanetary mag-
netic field, which modifies the terrestrial magnetic field.  This in turn leads to 
the energization of particles within our space environment generating auro-
ras and the radiation belts.

Multi-fluid / Multi-Scale Model

Benefits of GPU-based code

- Faster computations at higher grid resolution with enhanced visualizations

- Two-way communication between the particle tracking code and the global 
space environment model, improving the speed and efficacy of information inter-
change

- Obtain results in real-time when it normally takes many weeks to run the code

- Important implications for space weather forecasting, fusion research, trestle 
weather and climate change,  ocean dynamics,  and modeling volcano eruptions

- University of Washington has developed a cutting edge CPU-based multi-fluid/multi-
scale space environment model, which includes the local particle effects that govern the 
acceleration of energetic particle populations

- In a collaboration between UW and Eagle Harbor Technologies, we are creating a GPU-
based particle tracking code to explore the ways in which changing solar wind conditions 
affect the radiation belts and the near-Earth environment

- As with current atmospheric weather forecasting, speed is essential to effectively fore-
cast space weather in a useful time frame;  with the particle tracking code we have demon-
strated our ability to move more than 500,000 particles in faster than real time

- Our current research direction for real-time tracking of radiation belt ions is three fold:

1)  Validate and verify  the current GPU particle tracking code
2)  Develop visual diagnostic tools that will allow investigation of the 
       Earth’s radiation belts and their dynamics
3)  Convert the CPU-based multi-fluid space environment code to run on a GPU
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