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Scientists unravel challenge in improving
fusion performance

May 21 2020, by Zabrina Johal

Saskia Mordijck, an assistant professor in William & Mary’s physics department,
led the multi-institutional research team at the DIII-D National Fusion Facility
that untangled three elements of the fusion reaction. Their work advances
progress toward practical, safe fusion-powered energy. Credit: Stephen Salpukas

A team at the DIII-D National Fusion Facility led by a William & Mary
physicist has made a significant advancement in physics understanding
that represents a key step toward practical fusion energy.

The work, published in an article in the journal Nuclear Fusion, helps
better explain the relationship among three variables—plasma
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turbulence, the transport of electrons through the plasma and electron
density in the core. Because these factors are key elements of the fusion
reaction, this understanding could significantly improve the ability to
predict performance and efficiency of fusion plasmas, a necessary step
toward achieving commercial fusion power plants.

"We've known for some time that there is a relationship between core
electron density, electron-ion collisions and particle movement in the
plasma," said William & Mary's Saskia Mordijck, who led the multi-
institutional research team at DIII-D. "Unfortunately, until now research
has not been able to untangle that relationship from the other
components that affect electron density patterns."

Mordijck, an assistant professor in William & Mary's Department of
Physics, notes that in addition to the international effort at DIII-D,
W&M has been a contributor to similar experiments in the European
Union.

DIII-D, which General Atomics operates as a national user facility for
the Department of Energy's Office of Science, is the largest magnetic
fusion research facility in the country. It hosts researchers from more
than 100 institutions across the globe, including 40 universities. The
heart of the facility is a tokamak that uses powerful electromagnets to
produce a doughnut-shaped magnetic vessel containment for confining a
fusion plasma. In DIII-D, plasma temperatures more than 10 times hotter
than the Sun are routinely achieved. At such extremely high
temperatures, hydrogen isotopes can fuse together and release energy.

In a tokamak, fusion power is determined by temperature, plasma
density and confinement time. Fusion gain, expressed as the symbol Q,
is the ratio of fusion power to the input power required to maintain the
reaction and is thus a key indicator of the device's efficiency. At Q =1,
the breakeven point has been reached, but because of heat losses, self-
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sustaining plasmas are not reached until about Q = 5. Current systems
have achieved extrapolated values of Q = 1.2. The ITER experiment
under construction in France is expected to achieve Q = 10, but
commercial fusion power plants will likely need to achieve even higher
Q values to be economical.

Because electron density in the plasma core is a critical element of
fusion gain, scientists are developing methods to achieve greater peak
densities. One previously identified approach that shows promise is
reducing electron-ion collisions, a parameter that plasma physicists refer
to as collisionality. However, previous research was not able to establish
the exact relationship between density peaking and collisionality, nor
isolate the effect from other characteristics of the plasma.

The DIII-D team conducted a series of experiments in which only
plasma collisionality was varied while other parameters were held
constant. The results demonstrated that low collisionality improves
electron density peaking through the formation of an internal barrier to
particle movement through the plasma, which in turn altered the plasma
turbulence. Previous work had suggested the effect might be due to
plasma heating by neutral beam injection, but the experiments show that
it was linked to particle transport and turbulence.

"This work substantially improves the understanding of electron
behavior in the plasma core, which is an area of great importance for
increasing fusion gain," said David Hill, director of DIII-D. "This is
another important step toward practical fusion energy in future
commercial reactors."

More information: S. Mordijck et al. Collisionality driven turbulent
particle transport changes in DIII-D H-mode plasmas, Nuclear Fusion

(2020). DOI: 10.1088/1741-4326/ab81aa
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