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m Research Highlights

Discovery of fully-gapped topological superconductors with potential applications in

quantum computing

Electric currents do not dissipate energy in superconductors because electrons in these materials move
without resistive forces. Recent research shows that some superconductors can host surface states known
as Majorana excitations that have potential applications in new-generation quantum computing. However,
the conditions the superconductors must satisfy for such application are very stringent. Firstly, the wave
function must be topological, namely, it should have twists like a Mobius band. Secondly, the energy gap
must be opened everywhere in momentum space when the material becomes a superconductor. Notably,

there are no reports to-date of bulk superconductors that fulfill these conditions.

Now, a research group at Okayama University led by Guo-qing Zheng, working in collaboration with
researchers at the Chinese Academy of Sciences, has discovered that copper-intercalated Bi»Ses
(CuxBizSes)—that does not usually conduct electricity before doping— is a class of topological
superconductors, where the energy gap is fully opened when the copper concentration x exceeds 0.46. This
finding paves the way for applications to fault-tolerant quantum computers using bulk topological
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The Cu.BisSe; was produced by growing single crystals
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energy gap is not fully opened. In this latest research, I l - 7 1o}
they succeed in intercalating more copper in-between
the BisSe; layers. They found that when the copper b 1

content increases to 0.46 and beyond, the energy gap is
opened everywhere in momentum space. These results make CuxBizSes (x=0.46) qualify as the first class

of bulk topological superconductors for potential
p g p p Figure Caption: (left) crystal structure of CuxBizSes. (right)

applications to quantum computing. hexagonal plane composed of Bi and Se, and the applied
maghnetic field (H) with respect to the crystal axis.
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Figure Caption: upper critical field (Hc2) as a function of the
angle between the externally-applied magnetic field and
the crystal axis. For low Cu-content x, an oscillation shows
up which indicates that the energy gap has a node (zero)
somewhere. Disappearance of the oscillation means that
the gap is uniform everywhere.
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