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1. Introduction
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« QCD is non-perturbative at low energies. o Q) v 4 docays 0L
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» Lattice QCD enables first-principles hadron studies. ¢ 1D jes 00
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solvable O(NN)o model + & method

Roy equation + lattice data Linear o model + Pade

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

© quark A gluon

X.H. Cao, et al., PHYS. REV. D 108, 034009 (2023) QZL, et al., Chin. Phys. C 49, 123103 (2025)

Lattice QCD study of the K*(892) resonance at the physical point

2026-03-29 @ 7



mK scatterings
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« The simplest scattering process involving unequal mass particles carrying

strangeness.
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wK scatterings @Wers

. . m = Rey/sp/MeV K~
« Lattice researches on mK scatterings W aw w m  w
V5o = 934(2) MeV
SUESTIN e Vao = (914(2) — $6(1)) MeV
3 et e
5\ 20l Vo = (909(4) — £13(2)) MeV
50/0 |\'uri & 30 = (902(2) — £23(2)) MeV
5 £ 30
' =
T
~
I =50 | -
expt. + UFD [50]
L /50 = 893(1) — £56(2)
=z
.=.—:_'~ - E osfF x> M gj} w
180 O = = = = = — — e = '
51 /o lzlu) 259 2;34 3‘27 39|‘l
150 m, /MeV
120 . . .
been debated [59, 65—-67]. When the UxPT amplitudes
% have their parameter freedom constrained by the finite-
volume spectra presented above, a complex pole is found
o with a real energy around m, + mg and a large imagi-
nary part, not dissimilar to the experimental x resonance.
20 In addition, many of the K-matrix forms we implement,
whichilackany explicitlef=hand Cuf Behavior, also feature
. poles at similar energies; however, some do not and many
1100 have other nearby poles. Even with precise information
R, X, "X y . . .
T P N i, Eem/MeV about the amplitude for real energies, the analytic con-

A 2, 2y Ay . . .
A2 @2 tinuation required to Feachiany poleissufficientlylarge
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configuration L3 xT a(fm) my(MeV) | mg(MeV) | mgL | Neggs | New
C48P14 | 48% x 96 | 0.10530(18) | 134.2(1.6) | 508.9(3.0) | 3.56 | 261 | 150
C48P23 | 483 x 96 | 0.10530(18) | 227.0(1.4) | 483.7(2.9) | 5.79 | 265 | 150
C32P20 | 325 x 64 | 0.10530(18) | 293.6(1.8) | 511.0(3.0) | 5.01 | 984 | 100
F32P21 | 32° x 64 | 0.07746(18) | 208.4(1.9) | 491.8(1.3) | 2.60 | 459 | 100
FASP21 | 48° x 96 | 0.07746(18) | 207.35(86) | 491.3(1.2) | 3.91 | 267 | 100
FA8P30 | 48° x 96 | 0.07746(18) | 304.91(81) | 524.3(1.3) | 5.72 | 359 | 100
F32P30 | 323 x 96 | 0.07746(18) | 304.2(1.5) | 524.5(1.5) | 3.81 | 775 | 100
[48D32 | 487 x 144 | 0.05187(26) | 318.4(1.7) | 539.8(2.7) | 4.06 | 453 | 100

CLQCD, Phys.Rev.D 109 (2024)

- Systematically investigate the quark-mass dependence of x and K*(892)

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




Lattice QCD

« QCD Lagrangian
1 _ :
e ZFWFW + Z q [’Yu(au —igA,) + mq] q
q=u,d,s,c,b,t

« Lattice QCD Key Features: ol
» Non-perturbative approach to QCD

v

Discrete space-time lattice © quark A gluon

v

Quarks on sites, gluons on links

Numerical simulations via Monte Carlo

v

v

Computes hadron masses, decay constants, etc. - 9
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: - Construction of operators
« Construction of operators: projection method 5 vaneral.

JHEP 10 (2025) 210 {Oz}

P,AN 2 1
OKTI‘ (tap15p2) = Z CA,)\(taplap2) [\/;ﬂ-o(t?pl)KO(tap2) - \/;Wo(tapl)K+(t7p2)

P1:P2

) P:pl +p27 {

Cy(t) = (0,(1)05(0)) |

« Calculation of correlation matrix C(t)

to % t to . t t . t GEVP
l C(t)vn — )‘n(t)C(tO)vn
; 1, 3 { An(t) ~ exp(—E,t)

« Solving the generalized eigenvalue problem (GEVP)
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« Extracting the finite spectra by fitting

A (t) = Aexp(—E, t),t € (t;,t;)

- Statistical uncertainties: bootstrap
resample method

« Systematical uncertainties from fit
windows: AIC method

AIC! = Xl2 + 2nPara néata
« Fit results is weighted by

1 !
W o e—SAIC

P. Boyle et al., Phys. Rev. Lett. 134, 111901 (2025), Phys. Rev. D 111,
054510 (2025).
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Finite-volume spectra
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3. Numerical results




o Liischer analysis

d LG(d) | irrep QCs
2 p . L (0,0,0) On 17 cot 01 = wop
cot 9, = Lﬁ ” ZOO (17 q %) (0,0,m) Cuo E cot &1 = wop — wWap
v q (1, 1,0) Co By cot 01 = wgo + 2wag
B1 | cotd) = wop — wap — V6 Im [was]
(n,n,n) | Csy E cot 61 = woo + 1v/6was

Parameterization of 9:
o K matrix

- K(s) = —%— (BW)

m2—s

» effective range expansion
(ERE)
« Product representation (PR)

WA (9N KF)
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Product representation

» S matrix in terms of a product form: o preurve

H. Q. Zheng et al., Nucl. Phys. A 733, 235 (2004) left-hand cuts Construction . Fop e

S(s) = 8,(5)5,(5)85(8) exp(2in(s)(5)) g/

— — -
o of
Plo
o £
LHC
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
102
S

virtual state = bound state resonance state

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

o Features
» phase shifts are additive s.,
» virtual states and resonances: positive ; N SRR
» bound states: negative _
» left-hand cuts: usually negative ) "

1 1 1 l
1.08 1.10 1.12 1.14 1.16
W (GeV)

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

« f(s) satisfies a dispersion relation: ;
mg > my
1 discy f(2) N
- 9 d ' w(s
f(s) f(80)+27m'/L(z—s)(z—so) 2 Vo
complex s plane complex w(s) plane

« Expanding the f(s) in terms of conformal mapping
variable w(s)

f(s) =) Couw"(s)

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

(\/g_ \/@)(\/E\/@—I—s_) 2 2

w(s) = — , S_ =m5—mj.

% (W@ K F) Lattice QCD study of the K*(892) resonance at the physical point

1754 = ocu

1504 =77

1254

1004

75

50

25

conformal mapping

The PR decomposition.

2026-03-29 @ T VF K & RE



@ | % %

SICHUAN UNIVERSITY

phase shifts and coupling constant
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phase shifts and coupling constant
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Extrapolation @Wenrs

910 4

ensemble pole postion (MeV)

FA8P30 | 894.2(1.8) 4 i3.50(47)
F4A8P21 | 853.6(1.9) +i12.9(1.6)
C48P23 | 819.4(1.6) + ¢5.52(96)
C48P14 | 828.6(1.8) +412.90(94) wl
C32P29 | 852.2(1.8) 4+ 10.94(33)
H48P32 923(12) +i7.4(2.4)

ely/55] — a)[Mev]

Pole positions for six ensembles
 Extrapolation formulas: ;
Re(y/5g) = bf + bym2., + bym2 . + bja?, 5
Im(,/s,) = b}, —|—me —I—b’mKT—I—béa%, g

[mp/mg™)?
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Extrapolation

910 4

ensemble pole postion (MeV)

FA8P30 | 894.2(1.8) 4 i3.50(47)
F4A8P21 | 853.6(1.9) +i12.9(1.6)
C48P23 | 819.4(1.6) 4 i5.52(96)

Rel/55] — A)[MeV]

C48P14 pole position (MeV)
C32P29 This work 883(22) — i20(13)
H48P37  ppg 890(14) — i26(6)

Pole p| Boyle et al. | 893(2),;,:(54) 5,5 — i26(1>stat<6)nys
 Extrapolation formulas: :
Re(/5g) = b + bm3,, + bmi . + ba,
Im(y/55) = b+ bim2, + bim3 , + bja?, L

[mp/mg™)?
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4. Conclusion and Outlook
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« 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) — 120(13)MeV, matches PDG.
» Coupling g -~ constant vs. m._.
 Outlooks:
» Next: study broad k resonance (S-wave).
» Challenges: broad resonances.

» Plan: Combine with unitarized xPT or Roy—Steiner equations.
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