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Quantum steering and discord in hyperon-antihyperon system in electron-positron
annihilation
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Hyperon-antihyperon pairs produced in high-energy electron-positron annihilation are promis-
ing systems for the study of quantum information properties. In this work, we make an analysis ®
of two types of quantum correlations, the quantum steering and discord, in hyperon-antihyperon
systems produced in electron-positron annihilation based on the X-shaped spin density matrix.

The behaviors of these quantum correlations differ from those in elementary particle-antiparticle
systems such as the top quark and tau lepton due to the polarization effect.

The hierarchy e

of quantum correlations is examined and partially confirmed in hyperon-antihvperon svstems:
Bell Nonlocality C Steerlng - Entanglement C Discord. The loopholes and q
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In recent years, testing quantum nonlocal correlations
at colliders has attracted a lot of interest in high-energy
physics (HEP). Historically, studies of fundamental prob-
lems in quantum mechanics were primarily conducted
in photonic and atomic systems [1, 2]. However, with
the progress in high-energy experiments, particularly in
particle detection technology and accumulation of huge
amount of experimental data, there has been a grow-
ing interest in the investigation of quantum information
properties at smaller length and higher energy scales [3].

Generally, the spin states of unstable particles pro-
duced in high energy experiments which have weak de-
cays can be extracted based on the quantum state to-
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oI TWO Types OI quantum correlations, the quantum steering and discord, In hyperon-antinyperon
systems produced in electron-positron annihilation based on the X-shaped spin density matrix.
The behaviors of these quantum correlations differ from those in elementary particle-antiparticle
systems such as the top quark and tau lepton due to the polarization effect. The hierarchy
of quantum correlations is examined and partially confirmed in hyperon-antihyperon systems:
Bell Nonlocality C Steering C Entanglement C Discord. The loopholes and quantum decoherence

effect are also discussed in our work.

I. INTRODUCTION

In recent years, testing quantum nonlocal correlations
at colliders has attracted a lot of interest in high-energy
physics (HEP). Historically, studies of fundamental prob-
lems in quantum mechanics were primarily conducted
in photonic and atomic systems [1, 2]. However, with
the progress in high-energy experiments, particularly in
particle detection technology and accumulation of huge
amount of experimental data, there has been a grow-
ing interest in the investigation of quantum information
properties at smaller length and higher energy scales [3].

Generally, the spin states of unstable particles pro-
duced in high energy experiments which have weak de-
cays can be extracted based on the quantum state to-
mography [4]. Recently, top quarks as the heaviest of
all known fundamental particles, serve as an ideal test-
ing ground for the study of quantur =~ ~ T

energy physics [5-7]. The experime¢ Test of local realism via entangled AbarA system

entanglement in ¢ has been identi ; apjikim et al.
Collider (LHC) as the entangled sy:
possible energy [8]. Apart from top
of other particle systems at collide
[9-11], massive gauge bosons [12—1 Citedby?7
other quarks [20] and vector meson
carried out. Among these works, -
tions in the hyperon-antihyperon s
decays were proposed and can be
Spectrometer III (BESIII) [17, 18,

* shwu@mail.ust) M Refs. 17 18 22 m
1 gianchen@baqil
¥ qunwangQustc.eausernr

Nature Commun. 16 (2025) 4948
arXiv:2505.14988 - DOI:10.1038/s41467-025-59498-4

The non-locality of quantum correlations is a fundamental feature of
quantum theory. The Bell inequality serves as a benchmark for
distinguishing between predictions made by quantum theory and local
hidden variable theory (LHVT). Recent advancements in photon- P P

- . entanglement experiments have addif
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quantum correlation, the quantum steering or Einstein-
Podolsky-Rosen (EPR) steering was first introduced by
Schrodinger [24]. It refers to the ability that the measure-
ment of one subsystem can influence the state of another,
even when the subsystems are spatially separated. Steer-
ability is regarded as a kind of quantum nonlocality that
is less restrictive than the Bell nonlocality [25, 26].

The quantum discord represents another form of the
quantum correlation [27, 28]. It captures the quantum
nature of the correlation that cannot be explained purely
by classical physics, even when there is no entanglement
between the subsystems. It reflects more subtle, yet fun-
damental, aspect of quantum mechanics, especially in the
context of quantum computation and quantum commu-
nication [29-31]. Nowadays, the quantum steering and
discord have been introduced into particle physics such
as in the neutrino oscillation [32, 33] and top quark sys-
dinenn~ [OHEOE]
ron-antihyperon sys-
- YY and study the
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Our investigation is
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Reader View Navigation

Reopen reader tab when navigating back/forward

When enabled, if the reader tab was closed, it will be reopened automatically when using Back or
Forward navigation.

Local Cache

Enable local cache for offline access

Cache references and cited-by data to disk. Speeds up loading and enables offline browsing.

Show cache source indicator in panel

Compress cache files (gzip)

Reduces disk usage by ~80% for large cache files. Recommended for users with many
references.

Metadata enrichment

Controls how many INSPIRE records are fetched in parallel when completing reference
metadata.

Batch size: 100 C Parallel requests: 5C

Larger values are faster but may trigger INSPIRE errors (HTTP 502/400). Allowed range: 25-
110 entries, 1-5 requests.

Current: 100 entries / 5 requests. Defaults: 100 entries [ 4 requests.

Cache expiry (cited-by data): 24 hours

How long to keep cited-by and author papers data. References are cached permanently.

Storage location: | [Users/fkg/Nutstore Files/FRI'R R =z/ZoterolnspireCache Browse... Reset

Leave empty to use default location (Zotero Data Directory). Custom directory will NOT sync with Zotero.
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Smart Update

Enable smart update mode

Only update fields that have changed. Preserves user edits and shows a preview before updating.

Show preview dialog before updating

Review detected changes and choose which fields to update.

Auto-check for updates when item is selected

Automatically check INSPIRE for new metadata when you select an item. Shows update notification if changes are
found.

Protected fields

Skip these fields if you have already entered data (won't overwrite your edits).

[ ] Title [ ] Authors [ | Abstract [ | Journal

Protected author names

Author names in this list will be preserved even when updating. Diacritics (3, 0, U, B, etc.) are auto-detected.
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Preprint Watch

Enable preprint publication monitoring

Detect unpublished arXiv preprints in your library and check if they have been published.

Checks once per day on the first startup. Skips if already checked within the last 24 hours.

Display a notification when preprints are found to have been published.

Collaboration Tags

Enable collaboration tags

Automatically add tags based on INSPIRE collaboration information (e.g., ATLAS, CMS, LHCb).

Add tags when updating/importing

Automatically add collaboration tags when items are updated from INSPIRE or imported.

Tag format: | #collab/{name}

Use {name} for collaboration name. Examples: {name}, #collab/{name}, collab:{name}

INSPIRE Record Not Found

[ ] Add tag to items without INSPIRE record

Tag name:
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