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Researchers Achieve Atomic-Scale Control
of Quantum Interference

research team led by Prof.
YANG Kai at the Institute
f Physics (IOP), Chinese
Academy of Sciences, in col-
laboration with Prof. FERNAN-
DEZ-ROSSIER Joaquin from
International Iberian Nanotech-
nology Laboratory, has demon-
strated all-electrical control of
quantum interference in indi-
vidual atomic spins on a surface,
opening new possibilities for fast
and robust quantum-state ma-
nipulation at the atomic scale.
Quantum interference is a hall-
mark of the wave-like behavior of
quantum particles. It arises when a
system exists in a superposition of
states, with the relative phases pro-
ducing constructive or destructive
interference. A prominent example
is Landau-Zener-Stickelberg-Ma-
jorana (LZSM) interference, which
occurs when a two-level system
is repeatedly driven through an
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energy-level anticrossing, leading
to multiple non-adiabatic transi-
tions and controllable interference
patterns. This mechanism is a
powerful tool for fast and reliable
quantum control, but it remains
a significant challenge to achieve
tunable LZSM interference in an
atomic-scale quantum architec-
ture—where multiple spins can be
precisely assembled and controlla-
bly coupled on demand.

Using a custom-built ad-
vanced microscope known as
Electron Spin Resonance-Scan-
ning Tunneling Microscope (ESR-
STM), the team developed an
all-electrical method to control
LZSM quantum interference in
individual and coupled atomic
spins on insulating films (Figure).
By modulating atomically con-
fined tip-atom interactions with
strong electric fields, they rapidly
drove spin states through anti-
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Figure: Quantum interference observed in a single spin and a pair of interacting spins. (Image by IOP)
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crossings and observed rich inter-
ference patterns, including multi-
photon resonances and signatures
of spin-transfer torque. Multi-lev-
el LZSM spectra of coupled spins
revealed how many-body energy
landscapes shaped quantum dy-
namics. These results open new
avenues for all-electrical quantum
manipulation in spin-based quan-
tum processors in the strongly
driven regime.

This study entitled “Electrically
tunable quantum interference of
atomic spins on surfaces” was pub-
lished in Nature Communications
(https://doi.org/10.1088/541467-
025-64022-9).
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