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Two magnetically coupled atoms on a surface protect the spin states from the
environment. The tip of a scanning tunneling microscope is used to electrically
detect and control the atoms' spin states. Credit: IBS

Researchers at the Center for Quantum Nanoscience (QNS) within the
Institute for Basic Science (IBS) achieved a major breakthrough in
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shielding the quantum properties of single atoms on a surface. The
scientists used the magnetism of single atoms, known as spin, as a basic
building block for quantum information processing. The researchers
could show that by packing two atoms closely together they could protect
their fragile quantum properties much better than for just one atom.

The spin is a fundamental quantum mechanical object and governs
magnetic properties of materials. In a classical picture, the spin often can
be considered like the needle of a compass. The north or south poles of
the needle, for example, can represent spin up or down. However,
according to the laws of quantum mechanics, the spin can also point in
both directions at the same time. This superposition state is very fragile
since the interaction of the spin with the local environment causes
dephasing of the superposition. Understanding the dephasing mechanism
and enhancing the quantum coherence are one of the key ingredients
toward spin-based quantum information processing.

In this study, published in the journal Science Advances in November 9,
2018, QNS scientists tried to suppress the decoherence of single atoms
by assembling them closely together. The spins, for which they used
single titanium atoms, were studied by using a sharp metal tip of a
scanning tunneling microscope and the atoms' spin states were detected
using electron spin resonance. The researchers found that by bringing the
atoms very close together (1 million times closer than a millimeter), they
could protect the superposition states of these two magnetically coupled
atoms 20 times longer compared to an individual atom.

"Like a phalanx, the two atoms were able to protect each other from
external influences better than on their own," said Dr. Yujeong Bae,
researcher at QNS and first author of the study. "In that way, the
entangled quantum states we created were not affected by environmental
disruptions such as magnetic field noise."
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"This is a significant development that shows how we can engineer and
sense the states of atoms. This allows us to explore their possibility to be
used as quantum bits for future quantum information processing," said
Prof. Andreas Heinrich, director of QNS. In future experiments, the
researchers plan to build even more sophisticated structures in order to
explore and improve the quantum properties of single atoms and
nanostructures.

  More information: "Enhanced quantum coherence in exchange
coupled spins via singlet-triplet transitions" Science Advances (2018). 
DOI: 10.1126/sciadv.aau4159 , 
advances.sciencemag.org/content/4/11/eaau4159
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