
In my project, I aim to understand the process of magnetic reconnection more
deeply by computationally simulating it. On the surface of the sun, there are
many dangerous phenomena that have the potential to harm people. Solar wind,
solar flares, and Coronal Mass Ejections contain lots of power and are able to
violently attack the Earth with radiation and plasma. Astronauts in space and
people in airplanes flying over the poles are more likely to be heavily irradiated
by UV light, causing sunburns and an increased risk of skin cancer. Coronal
Mass Ejections (CMEs) are also able to hit the Earth with masses of plasma,
causing electrical failures and a loss of communication. Even with measures to
shut down electrical grids, a strong CME could cost tens of billions of dollars.
These effects are disastrous and the damages need to be mitigated. However,
our current prediction methods are only slightly faster than seeing the solar flare
as it is hitting Earth. And for CMEs, in the best case scenario, we would be able
to tell 18 hours in advance. That is very little time for international scale
shutdowns and would make hospitals and other public necessities have to run on
emergency power. A CME could be very catastrophic for third world countries
with power insecurities. All of these phenomena are driven by a process called
magnetic reconnection. Understanding magnetic reconnection is key to better
predictive models of solar flares, solar wind, and Coronal Mass Ejections.

To simulate magnetic reconnection in Python, I used a model called the
Sweet-Parker model. This is the most standard model of magnetic reconnection
and has been studied in a paper by D. Biskamp, et al. Biskamp does a stability
test of the system and finds that sufficiently strong enough magnetic field lines
stabilize the model to perturbations. I am replicating his work and adding onto our
understanding by affecting more parameters.

I have written a Python program to simulate a Magnetohydrodynamic (MHD)
system. MHD combines the laws of fluid dynamics and electromagnetism, this is
needed since plasma is both a fluid and magnetic. In the case of my project,
these laws can be described by the magnetic vorticity equation. I have also
created the initial conditions of the Sweet-Parker model and have shown a
general agreement to the simulations by Biskamp. I have verified my code
several times through the process. In my most recent verification, I simulated the
fluid dynamics “Bickley Jet.” The Bickley Jet is the velocity profile of the
Sweet-Parker model and is a steady-state solution. That means it shouldn’t



change with time. My code shows this with some error due to computational
inaccuracies.

I am expecting to find results that show the accuracy of the Sweet-Parker model
to real-world observations. These results will help refine our understanding of
magnetic reconnection according to this model.
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