
 

Realizing clean qubits for quantum
computers using electrons on helium
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Illustration depicting a qubit made out of an electron (small sphere) floating on
helium (gray block). Such qubits could form the basis of quantum computers.
Credit: RIKEN Center for Quantum Computing
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Future quantum computers could be based on electrons floating above
liquid helium, according to study by a RIKEN physicist and
collaborators, appearing in Physical Review Applied.

Today's computers are based on shuttling electrons around in silicon.
Electrons in silicon could also form the basis of a completely different
breed of computers—quantum computers. Numerous efforts are
underway to realize quantum computers using electrons in various solid-
state crystals, starting with silicon.

By exploiting the quantum nature of tiny objects, quantum computers
promise to revolutionize computing by solving problems that are
intractable using the most powerful supercomputers available today.

While efforts to create qubits using electrons in solid-state crystals have
achieved significant success, increasing the number of qubits (the
quantum equivalent of bits) is challenging because defects and
impurities in solid-state crystals create unpredictable electrical
potentials, making it difficult to produce many uniform qubits.

One way to overcome this problem would be to use electrons floating in
a vacuum as qubits, since vacuum is defect free.

"Solid-state crystals will always have some defects, which means we
cannot create a perfect environment for electrons," says Erika
Kawakami of the RIKEN Center for Quantum Computing. "That is
problematic if we want to create a lot of uniform qubits. And so it's
better to have qubits in vacuum."

In 1999, researchers theoretically proposed to realize qubits based on
electrons floating on liquid helium for the first time. In this physical
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system, electrons float in vacuum slightly above the surface of liquid
helium. This was a groundbreaking proposal, but it was limited to basic
operations of quantum gates because quantum-computer research was
still in its infancy.

Now, in a theoretical study, the team has shown how the quantum gates
can be realized more concretely using electrons floating above liquid
helium.

Central to their proposal is a hybrid qubit involving the vertically
quantized charge state and the spin state of a floating electron. The
charge state of the electron allows it to be easily manipulated over
moderate distances using an electric field, while the spin state can be
used to stably store data. The interaction between the spin and charge
states of the electron enables data to be transferred between the two
electron properties.

"We've proposed how to realize one-qubit and two-qubit gates using
electrons on helium and estimated their fidelities," says Kawakami.
"We've also specified how we can scale up the number of qubits. That is
something new."

Their system uses an array of tiny ferromagnetic pillars to trap electrons
above helium. It should be possible to squeeze more than 10 million 
qubits into an area the size of a postage stamp.

The team now intends to embrace the challenge of implementing their
proposal experimentally.

  More information: Erika Kawakami et al, Blueprint for quantum
computing using electrons on helium, Physical Review Applied (2023). 
DOI: 10.1103/PhysRevApplied.20.054022. On arXiv: DOI:
10.48550/arxiv.2303.03688
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