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Arrays of strontium Rydberg atoms show
promise for use in quantum computers

June 4 2020, by Bob Yirka
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Population and detection of Rydberg states in non-interacting and interacting
configurations. Credit: Nature Physics (2020). DOI: 10.1038/s41567-020-0903-z

A team of researchers at California Institute of Technology has found
that arrays of strontium Rydberg atoms show promise for use in a
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quantum computer. In their paper published in the journal Nature
Physics, the researchers describe their study of quantum entangled
alkaline-earth Rydberg atoms arranged in arrays and what they learned
about them. In the same issue, Wenhui Li, with the National University
of Singapore, has published a News & Views piece exploring the state of
quantum computing research, and outlines the work done by the team at
CIT.

Quantum computers capable of conducting real computing work have
st1ll not been realized, but work continues as scientists are confident that
the goal will be reached. And as Li notes, most of the early-stage demo
quantum computers are based on superconducting qubits or trapped ion
platforms, though other systems are being studied, as well. One such
system is based on neutral atoms in which the charges of the protons and
electrons balance. In this new effort, the researchers looked at a type of
neutral atom system based on Rydberg atoms (excited atoms with one or
more electrons that also have a high quantum number). To use such
atoms in a quantum computer, they must, of course, be entangled—and
there needs to be a lot of them, generally arranged in an array.

In their work, the team at CIT developed a way to demonstrate
entanglement of Rydberg atoms in arrays—and as part of the system,
they were able to detect and control Rydberg qubits with unprecedented
fidelities. To achieve this feat, they began with realizing photon coupling
between different levels of Rydberg ground-state qubits, thus avoiding
scattering. Doing so also allowed for efficient detection of Rydberg
states, greatly improving detection fidelity. The researchers also
demonstrated two-qubit entanglement using tweezer potentials, also with

high fidelity.

The result showed that fidelities higher than 0.99 could be achieved with
single- and two-qubit platforms of arrayed strontium Rydberg atoms,
which, the team notes, is close to that achieved with superconducting
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https://www.nature.com/articles/s41567-020-0907-8
https://phys.org/tags/superconducting+qubits/
https://phys.org/tags/neutral+atoms/
https://phys.org/tags/atoms/
https://phys.org/tags/high+fidelity/
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qubits or trapped ions. It also shows that studying quantum computers
based on neutral atoms is a viable research option in the search for a true
quantum computer solution.

More information: Ivaylo S. Madjarov et al. High-fidelity
entanglement and detection of alkaline-earth Rydberg atoms, Nature
Physics (2020). DOI: 10.1038/s41567-020-0903-7
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