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Quantum error correction with bosonic encoding

Heng Fan

Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
E-mail: hfan@iphy.ac.cn

Recently, the achievement, entitled “lifetime enhancement for a logic qubit by bosonic encoding error correction”, has been
selected as one of “The Ten Major Advances in Chinese Science 2023”. Here, we will introduce briefly the importance of
this work. It is known that quantum states are fragile due to decoherence induced by environment. Error will happen on a
qubit, resulting in continuously changes of the parameters for this qubit, such as amplitude and phase parameters. The aim
of quantum error correction is to amend those errors by using various quantum error correction codes, in which a logic qubit
can be represented by several physical qubits. It should be noted that the quantum error correction can be realized by
correcting a discrete set of errors, such as bit-flip error, phase-flip error or both of them.

On the other hand, types of errors occurred depend on specific platforms of quantum computation. For example, photon
loss is more inclined to occur in photonic systems. In this case, the approach of bosonic encoding of quantum error
correction is more efficient. The work “lifetime enhancement for a logic qubit by bosonic encoding error correction” is for
such a scenario. The challenge of quantum error correction is that operation itself is not perfect which may incur new errors.
So it is actually difficult to demonstrate that we can benefit from quantum error correction. The achievement of lifetime
enhancement by bosonic encoding error correction succeeds in beating this break-even point. The experiments are
performed by circuit quantum electrodynamics on a superconducting processor with a qubit and a coupled resonate cavity.
The logic qubit is realized by the bosonic mode of the cavity, while the superconducting qubit plays the role of the ancillary
qubit in error correction. The initial states are prepared by the superconducting qubit, and are transferred to the logic qubit
in the cavity. Then the error correction can be performed based on detection of photon loss by the superconducting qubit.
The results show that the lifetime of the logic qubit increases from 694 us to 805 us with 16% enhancement. Besides high
quality devices, the success of this experiment depends on the feedback control to detect and correct the error of photon loss
in a short time.

The result of beating the break-even point of bosonic encoding error correction is for one logic qubit. In the near future, it
is hopeful to implement logic gates, such as single-qubit rotation gate and two-qubit gate, on a couple of logic qubits by
bosonic encoding. The importance of the results will depend on whether higher fidelity can be achieved compared with
those of gates with physical qubits. In this way, the advantage of the logic qubits for quantum computation is presented. It
will be significant that the approach of bosonic encoding with a superconducting processor is scalable to hundreds of logic
qubits, which may take a few years to realize. Our aim is to realize a fault-tolerant universal quantum computer based on a
large quantity of high-precision logic qubits. The work “lifetime enhancement for a logic qubit by bosonic encoding error
correction” is an important step toward this aim.

quantum error correction, superconducting qubit, bosonic encoding, quantum computation
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