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1. Introduction



1. Introduction

• QCD is non-perturbative at low energies.

• Lattice QCD enables first-principles hadron studies.

• Unphysical mass hadron scatterings: providing new 

insight into studying strong interaction.

Roy equation + lattice data

X.H. Cao, et al., PHYS. REV. D 108, 034009 (2023)

solvable 𝑂(𝑁)𝜎 model + 𝑁𝐷  method

Y.L. Lyu, et al., PHYSICAL REVIEW D 109, 094026 (2024)

Linear 𝜎 model + Pade

QZL, et al., Chin. Phys. C 49, 123103 (2025)
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𝜋𝐾 scatterings 1. Introduction

• The simplest scattering process involving unequal mass particles carrying 

strangeness.

P. Büttiker, et al., Eur.Phys.J.C 33 (2004) 409-432

• 𝜅/𝐾∗
0(700)(𝐼𝐽 = 1

20) : 
√
𝑠 = (658 ± 13) − 𝑖(279 ± 12) MeV

• 𝐾∗(892)(𝐼𝐽 = 1
21) : 

√
𝑠 = (891 ± 2) − 𝑖(27 ± 1) MeV
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𝜋𝐾 scatterings 1. Introduction

• Lattice researches on 𝜋𝐾 scatterings

D. J. Wilson et al., Phys. Rev. Lett. 123, 042002 (2019).
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Motivation 1. Introduction

CLQCD, Phys.Rev.D 109 (2024)

• Systematically investigate the quark-mass dependence of 𝜅 and 𝐾∗(892)

• Push the way to further Roy-Steiner equation investigations
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2. Method



Lattice QCD 2. Method

• QCD Lagrangian

ℒ︀ = 1
4
𝐹𝜇𝜈𝐹𝜇𝜈 + ∑

𝑞=𝑢,𝑑,𝑠,𝑐,𝑏,𝑡
̄𝑞[𝛾𝜇(𝜕𝜇 − 𝑖𝑔𝐴𝜇) + 𝑚𝑞]𝑞

• Lattice QCD Key Features:

‣ Non-perturbative approach to QCD

‣ Discrete space-time lattice

‣ Quarks on sites, gluons on links

‣ Numerical simulations via Monte Carlo

‣ Computes hadron masses, decay constants, etc.

meson baryon
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2. Method

• Construction of operators: projection method H.B. Yan,et al., 

JHEP 10 (2025) 210

𝑂𝑃,Λ,𝜆
𝐾𝜋 (𝑡, 𝑝1, 𝑝2) = ∑

𝑝1,𝑝2

𝑐Λ,𝜆(𝑡, 𝑝1, 𝑝2)[√
2
3
𝜋0(𝑡, 𝑝1)𝐾0(𝑡, 𝑝2) −√1

3
𝜋0(𝑡, 𝑝1)𝐾+(𝑡, 𝑝2)], 𝑃 = 𝑝1 + 𝑝2,

• Calculation of correlation matrix 𝐶(𝑡)

⟨𝑂𝜋𝐾𝑂†
𝜋𝐾⟩ = 𝐴 + 1

2
𝑋 − 3

2
𝐻

• Solving the generalized eigenvalue problem (GEVP)

Construction of operators 

{𝑂𝑖}

𝐶𝑖𝑗(𝑡) = ⟨𝑂𝑖(𝑡)𝑂𝑗(0)⟩

GEVP

𝑪(𝑡)𝒗𝑛 = 𝜆𝑛(𝑡)𝑪(𝑡0)𝒗𝑛

𝜆𝑛(𝑡) ∼ exp(−𝐸𝑛𝑡)
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2. Method

• Extracting the finite spectra by fitting

𝜆𝑛(𝑡) = 𝐴 exp(−𝐸𝑛 𝑡), 𝑡 ∈ (𝑡𝑖, 𝑡𝑓)
• Statistical uncertainties: bootstrap 

resample method

• Systematical uncertainties from fit 

windows: AIC method

AIC𝑙 = 𝜒2
𝑙 + 2𝑛para − 𝑛𝑙

data

• Fit results is weighted by

𝜔𝑙 ∝ 𝑒−1
2AIC

𝑙

P. Boyle et al., Phys. Rev. Lett. 134, 111901 (2025), Phys. Rev. D 111, 

054510 (2025).

𝐸𝑛 = 𝜆𝑛(𝑡)
𝜆𝑛(𝑡+𝑡)
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Finite-volume spectra 2. Method

C48P14 F48P21 and F32P21

C48P23 F48P30 and F32P30

C32P29 H48P32
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3. Numerical results



3. Numerical results

• Lüscher analysis

cot 𝛿1 = 2
𝛾𝐿

√
𝜋 𝑞∗

𝑍𝑃
00(1, 𝑞∗

𝐿
2𝜋

)

Parameterization of 𝛿:

• 𝐾 matrix

‣ 𝐾(𝑠) = 𝑔2
𝑚2−𝑠  (BW)

‣ effective range expansion 

(ERE)

• Product representation (PR)

𝑤ℓ𝑚 = 𝑤𝑃
ℓ𝑚(𝑘, 𝐿) =

𝑍𝑃
ℓ𝑚(1; (𝑘 𝐿

2𝜋)
2)

𝛾𝜋3/2
√
2
√
2ℓ + 1(𝑘 𝐿

2𝜋)ℓ+1

李衢智 (四川大学) Lattice QCD study of the 𝐾∗(892) resonance at the physical point 2026-03-29 @ 河师大 石家庄



Product representation 3. Numerical results

• 𝑆 matrix in terms of a product form:

H. Q. Zheng et al., Nucl. Phys. A 733, 235 (2004)

𝑆(𝑠) = 𝑆𝑣(𝑠)𝑆𝑏(𝑠)𝑆𝑟(𝑠) exp(2𝑖𝜌(𝑠)𝑓(𝑠))

virtual state bound state resonance state

left-hand cuts Construction

• Features

‣ phase shifts are additive

‣ virtual states and resonances: positive

‣ bound states: negative

‣ left-hand cuts: usually negative

H. Q. Zheng et al., Nucl. Phys. A 733, 235 (2004)

Y.F. Wang et al., Chin. Phys. C 43, 064110 (2019),
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Conformal mapping 3. Numerical results

• 𝑓(𝑠) satisfies a dispersion relation:

𝑓(𝑠) = 𝑓(𝑠0) +
1
2𝜋𝑖

∫
𝐿

disc𝐿𝑓(𝑧)
(𝑧 − 𝑠)(𝑧 − 𝑠0)

𝑑𝑧

• Expanding the 𝑓(𝑠) in terms of conformal mapping 

variable 𝜔(𝑠)

𝑓(𝑠) = ∑
𝑛

𝐶𝑛𝜔𝑛(𝑠)

W. R. Frazer, Phys. Rev. 123, 2180 (1961).

𝜔(𝑠) = −
(
√
𝑠 −√𝑠𝐸)(

√
𝑠√𝑠𝐸 + 𝑠−)

(
√
𝑠 +√𝑠𝐸)(

√
𝑠√𝑠𝐸 − 𝑠−)

, 𝑠− = 𝑚2
2 −𝑚2

1.

conformal mapping

The PR decomposition.
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phase shifts and coupling constant 3. Numerical results
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phase shifts and coupling constant 3. Numerical results

Γ = 𝑔𝜋𝐾𝐾∗
6𝜋

𝑘3
∗

𝑚2
𝑅
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Extrapolation 3. Numerical results

Pole positions for six ensembles

• Extrapolation formulas:

Re(√𝑠0) = 𝑏𝑟0 + 𝑏𝑟1𝑚2
𝜋,𝑟 + 𝑏𝑟2𝑚2

𝐾,𝑟 + 𝑏𝑟3𝑎2𝑟,

Im(√𝑠0) = 𝑏𝑖0 + 𝑏𝑖1𝑚2
𝜋,𝑟 + 𝑏𝑖2𝑚2

𝐾,𝑟 + 𝑏𝑖3𝑎2𝑟,
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Extrapolation 3. Numerical results

Pole positions for six ensembles

• Extrapolation formulas:

Re(√𝑠0) = 𝑏𝑟0 + 𝑏𝑟1𝑚2
𝜋,𝑟 + 𝑏𝑟2𝑚2

𝐾,𝑟 + 𝑏𝑟3𝑎2𝑟,

Im(√𝑠0) = 𝑏𝑖0 + 𝑏𝑖1𝑚2
𝜋,𝑟 + 𝑏𝑖2𝑚2

𝐾,𝑟 + 𝑏𝑖3𝑎2𝑟,

pole position (MeV)

This work 883(22) − 𝑖20(13)
PDG 890(14) − 𝑖26(6)

Boyle et al. 893(2)𝑠𝑡𝑎𝑡(54)𝑠𝑦𝑠 − 𝑖26(1)𝑠𝑡𝑎𝑡(6)𝑠𝑦𝑠
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4. Conclusion and Outlook



4. Conclusion and Outlook

• Conclusions:

‣ Successful lattice study of 𝐾∗(892).
‣ Over 80 finite spectra from 6 pion mass and 3 lattice spacing ensembles.

‣ Three amplitude models: BW, ERE, PR, yield consistent results.

‣ Extrapolation: 883(22) − 𝑖20(13)MeV, matches PDG.

‣ Coupling 𝑔𝜋𝐾𝐾∗  constant vs. 𝑚𝜋.

• Outlooks:

‣ Next: study broad 𝜅 resonance (S-wave).

‣ Challenges: broad resonances.

‣ Plan: Combine with unitarized χPT or Roy—Steiner equations.
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