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Static Electrons in Flat-Band
Nonequilibrium
Superconductors
Single electrons stay stationary in superconductors with “flat-band”
electronic structures, which could lead to low-energy-consumption
devices made from suchmaterials.

By Sophia Chen

I n 2018, researchers discovered that two layers of graphene,
stacked and twisted at a specific angle, could exhibit
superconductivity. Theorists have determined that the

electronic structure of such a twisted material approximately
resembles a “flat band,” which means that the energy of the
materials’ free electrons remains constant regardless of the
electrons’ momenta. This phenomenon inspired a flurry of
work on systems that exhibit flat-band superconductivity.
However, most of the research has focused on how such
systems behave under equilibrium conditions. Now Päivi Törmä
of Aalto University in Finland and her colleagues have probed
the behavior of superconducting flat-band systems under
nonequilibrium conditions [1]. The findings could help in the
design of superconducting devices with low energy
consumption.
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Törmä and her colleagues considered an idealized flat-band
material subjected to an applied voltage, making it a
nonequilibrium system. Their predictions indicate that in this
nonequilibrium system the paired and unpaired electrons
follow the same behavior patterns as those in an equilibrium
system: unpaired electrons form stationary quasiparticles and
paired electrons flow with zero resistance. Additionally, in both
types of systems the flat band helps the electrons form the
bound pairs required for superconductivity.

Törmä says that the team’s results show that flat-bandmaterials
offer a potential advantage over superconductors that contain
moving quasiparticles. Such quasiparticles dissipate energy in
an alternating current, increasing the system’s energy
consumption. In future work, the researchers plan to extend
this study, which looks at an idealized material, to realistic
materials and to collaborate with experimentalists to test their
model’s predictions.

Sophia Chen is a freelance science writer based in Columbus, Ohio.
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