
 

Seeing clearly: Revised computer code
accurately models an instability in fusion
plasmas
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PPPL physicist Mario Podesta, one of the scientists who contributed to new
research involving the sawtooth instability in fusion plasma. Credit: Elle
Starkman
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Subatomic particles zip around ring-shaped fusion machines known as
tokamaks and sometimes merge, releasing large amounts of energy. But
these particles—a soup of charged electrons and atomic nuclei, or ions,
collectively known as plasma—can sometimes leak out of the magnetic
fields that confine them inside tokamaks. The leakage cools the plasma,
reducing the efficiency of the fusion reactions and damaging the
machine. Now, physicists have confirmed that an updated computer
code could help to predict and ultimately prevent such leaks from
happening.

The research team updated TRANSP, the plasma simulation code
developed at the U.S. Department of Energy's (DOE) Princeton Plasma
Physics Laboratory (PPPL) and used in fusion research centers around
the world, by installing a new bit of code known as a kick model into one
of the TRANSP components. The kick model—so called because it
simulates jolts of energy that kick the particles within the
plasma—allows TRANSP to simulate particle behavior more accurately
than before. Aided by subprograms known as NUBEAM and ORBIT
that model plasma behavior by distilling information from raw data, this
updated version of TRANSP could help physicists better understand and
predict the leaks, as well as create engineering solutions to minimize
them.

Fusion, the power that drives the sun and stars, is the fusing of light
elements in the form of plasma—the hot, charged state of matter
composed of free electrons and atomic nuclei—that generates massive
amounts of energy. Scientists are seeking to replicate fusion on Earth for
a virtually inexhaustible supply of power to generate electricity.

The team found that the updated version of TRANSP accurately
modeled the effect of the sawtooth instability—a kind of disturbance
affecting the fusion reactions—on the movement of highly energetic
particles that help cause fusion reactions. "These results are important
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because they may allow physicists to use the same approach to deal with
a broad spectrum of instabilities without switching from one model to
another depending on the specific problem," said PPPL physicist Mario
Podestà, a coauthor of the paper that reported the findings in Nuclear
Fusion. The results, based on sawtooth instabilities that occurred during
operation of PPPL's National Spherical Torus Experiment-Upgrade
(NSTX-U) in 2016, extend previous PPPL research into putting kick
models into TRANSP.

The updated version of TRANSP can simulate plasma behavior of
experiments that have not been conducted yet, Podestà said. "Because
we understand the physics built into the kick model, and because that
model successfully simulated results from past experiments for which
we have data, we have confidence that the kick model can accurately
model future experiments," he said.

In the future, the researchers want to determine what happens between
instabilities to get a fuller sense of what's occuring in the plasma. In the
meantime, Podestà and the other scientists are encouraged by the current
results. "We now see a path forward to improving the ways that we can
simulate certain mechanisms that disturb plasma particles," Podestà said.
"This brings us closer to reliable and quantitative predictions for the
performance of future fusion reactors."

  More information: D. Kim et al, Investigation of fast particle
redistribution induced by sawtooth instability in NSTX-U, Nuclear
Fusion (2019). DOI: 10.1088/1741-4326/ab1f20
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