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Integrating quantum sensors with bespoke

quantum error correction

Lead Research Organisation: University of Sheffield
Department Name: Physics and Astronomy

€ Go back

Overview Organisations People Publications

Abstract

Physical quantities such as time, phase, and entanglement cannot be measured directly, but instead must be
inferred through indirect measurements. An important category of such indirect measurements is parameter
estimation. |deal quantum sensors would estimate physical quantities with unprecedented precision, but
practical quantum sensors lose their guantum advantage because of noise. Incorporating quantum error
correction codes into quantum sensors is an attractive theoretical approach to reduce noise, but is beset with
practical difficulties. Namely, most quantum error correction codes (1) cannot be readily prepared in actual
physical systems, (2) would introduce more errors than they correct during imperfect quantum error correction,
and (3) can destroy the signal meant to be measured during quantum error correction.

Most quantum error correction schemes are studied by abstracting away the physics of sensors, while quantum
sensors are typically studied in the absence of quantum error correction. Mainstream approaches treat both
quantum sensors and quantum error correction components as black boxes to be optimised separately. This
project aims to break down the boundary between the quantum error correction black box and the quantum
sensor black box, and integrate them to make an overall quantum error correction-integrated guantum sensor,
by optimising over bespoke quantum ermor correction codes.

A critical problem that using bespoke quantum error correction codes in optimising quantum sensors can
overcome is the intractability of current numerical approaches in optimising quantum error correction codes for
quantum sensors. These numerical methods impose no apriori structure on quantum error correction codes,
and suffer from a runtime that increases exponentially in the number of particles. By choosing bespoke
jguantum codes that can be described with a tractable number of parameters, quantum sensors can be

Funded Value:
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38 23-38 28
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Project Status:
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Project Category:
Fellowship

Project Reference:
EP/W028115/1

Principal Investigator:

Yingkai Quyang
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VANCOUVER - BTQ Technologies Corp. (NASDAQ:BTQ) announced Wednesday that
Chief Quantum Officer Dr. Gavin K. Brennen co-authored research introducing a general
theory of quantum error correction for permutation-invariant codes, according to a press
release statement.

The research, conducted with Macquarie University and Yingkai Ouyang from the
University of Sheffield, presents what the authors describe as the first general theory of
error correction for permutation-invariant codes. The paper, titled "A theory of quantum
error correction for permutation-invariant codes," introduces algorithms designed to
correct errors on permutation-invariant codes and presents methods for addressing
certain erasure and deletion errors.
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[Submitted on 12 May 2026]

Decoding Algorithm to Composite Errors Consisting of
Deletions and Insertions for Quantum Deletion-Correcting
Codes Based on Quantum Reed-Solomon Codes

Koki Sasaki, Ken Nakamura, Takayuki Nozaki

This paper focuses on Hagiwara codes, which are quantum deletion-correcting codes constructed
by the quantum Reed-Solomon codes. Although Hagiwara codes can correct composite errors
consisting of deletions and insertions, an efficient decoding algorithm to such errors remains an
open problem. In this paper, we provide a decoding algorithm to such errors for Hagiwara codes.
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Insertion Correcting Capability for Quantum Deletion-
Correcting Codes

Ken Nakamura, Takayuki Nozaki

This paper proves that any quantum t-deletion-correcting codes also correct a total of t insertion
and deletion errors under a certain condition. Here, this condition is that a set of quantum states is
defined as a quantum error-correcting code if the error spheres of its states are disjoint, as
classical coding theory. In addition, this paper proposes the quantum indel distance and describes
insertion and deletion errors correcting capability of quantum codes by this distance.
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