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 𝑽𝒖𝒅  𝑽𝒖𝒔  𝑽𝒖𝒃

 𝑉𝑐𝑑  𝑉𝑐𝑠  𝑉𝑐𝑏

 𝑉𝑡𝑑  𝑉𝑡𝑠  𝑉𝑡𝑏

CKM unitarity

|𝑉𝑢𝑑| =0.97367 ±0.00032

𝑉𝑢𝑠 = 0.22431 ± 0.00085
|𝑉𝑢𝑏| = 0.00382 ± 0.00020

|𝑽𝒖𝒅|𝟐 +  |𝑽𝒖𝒔|𝟐+ |𝑽𝒖𝒃|𝟐 = 𝟎. 𝟗𝟗𝟖𝟒 ± 𝟎. 𝟎𝟎𝟎𝟕

First row: 𝟏𝟎−𝟒 𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚

PDG 2024：

Hyperon decays provide an independent tests of CKM unitarity

𝑽𝒖𝒔  of τ and K decay : differ by more than 2σ. 
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𝜦 → 𝒑ℓ− ത𝝂ℓ: Lattice:  S. Bacchio, et.al. Phys.Rev.Lett. 135 (2025) 231901

0.03%

0.4%

5%
BESIII:  M.Ablikim, et.al. Nature 657 (2026) 8130, 92-97



Experiment measurement

BESIII： 𝟑. 𝟔𝟎 ± 𝟎. 𝟒𝟏 ×𝟏𝟎−𝟒

BESIII:  M.Ablikim, et.al. Phys.Rev.Lett. 137, 091801

3.9σ

Branching ratio of 𝚵− → 𝚲𝒆ഥ𝝂𝒆 :

PDG2024： 𝟓. 𝟔𝟑 ± 𝟎. 𝟓𝟏 ×𝟏𝟎−𝟒

-4-Phenomenological calculation

First-principles calculations are necessary.

B𝐫×𝟏𝟎−𝟒 𝚵− → 𝚲𝐞ത𝛎𝐞 𝚵− → 𝚲𝛍ത𝛎𝛍

SU(3) 5.47(15) 1.58(4)

LFQM 4.85 1.31

CCQM 5.49 1.57

QCDSR 5.17(73) 1.54(23)

R3QM 4.41 1.24

SU(3) symmetry, Quark model, QCD sum rule … 

F. Schlumpf, Phys. Rev. D 51, 2262 (1995)

A. Faessler, et.al. Phys. Rev. D 78, 094005 (2008)

R.M. Wang, et.al. Phys. Rev. D 100, 076008 (2019)

S.Q. Zhang, et.al. JHEP 06 (2024) 122

R.H. Ni, et.al. Phys. Rev. D 114 (2026) 074005
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6Hyperon decay: non-perturbative QCD

• Around the proton radius scale 

(~1 GeV), QCD cannot be solved 

analytically, and the theoretical 

calculation at this scale is one of 

the seven Millennium Prize 

Problems.

• Hyperon decay is just on the 

region where the transition 

from perturbative to 

nonperturbative occurs. 

Hyperon decay is suitable for lattice QCD simulations.

Siyuan @ TDLi



Hadronic part

Matrix element

Theorical framework -7-

Differential decay width：

Axial-vector coupling：𝒈𝒂𝒗 = 𝑔1(0)/𝑓1(0)

Axial charge 𝒈𝑨
𝑯： 𝒈𝑨

𝑯 = 𝑓1
𝑆𝑈 3

∗ 𝒈𝒂𝒗

Vector form factor in SU(3) limit：𝑓1
𝑆𝑈 3

= − 3/2

Weinberg form factors：
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Helicity form factor Differential decay width：

Differential decay width expressed as helicity 

form factor.



Correlation function in Lattice QCD -9-

Sequential time: 𝑡𝑠𝑒𝑞

s

d

u

d

𝑡

s s

smear

Sequential source method:

Interpolator current of the baryons: 

Two point correlation functions:

Three point correlation functions:

x y

x y z

𝐶2𝑝𝑡 𝑡 = σ𝑥 𝑒−𝑖𝑝⋅𝑥 Tr{ 0 𝑂ℬ 𝑥 , ത𝑂ℬ 0 0 𝑇}

Weak current:

point



Ensemble 𝐿3×𝑇 a (fm) smear size 𝜋 (MeV) Nconf Nsrc

C24P34 243×64 0.105 4 30 340 300 34

C32P29 323×64 0.105 4 30 290 984 4

C32P23 323×64 0.105 4 30 230 954 11

F32P30 323×96 0.077 5 50 300 777 6

G36P29 363×108 0.069 5 50 290 656 4

-10-

C32P29

C32P23

F32P30

C24P34

Lattice spacing

G36P29

Lattice set-up

Pion

mass

Ensembles from CLQCD Collaboration：

Lattice spacing：[0.069, 0.1052] fm

Pion mass ：[227.9, 340.2] MeV    

Extrapolation: Continuum limit and physical pion mass.



Two point correlation function

𝐶2𝑝𝑡 𝑡 = σ𝑥 𝑒−𝑖𝑝⋅𝑥 Tr{ 0 𝑂ℬ 𝑥 , ത𝑂ℬ 0 0 𝑇}

𝐶2𝑝𝑡(𝑡) = 𝒁𝓑
𝟎 𝟐

𝑒−𝒎𝑩𝑡(1 + Δ𝐶 ⋅ 𝑒Δ𝑚⋅𝑡)

Decay constant

𝚵− - baryon effective mass

𝚲 - baryon effective energy

Ensembles：C24P34 -11-

Effective mass

Complete set of 

hadronic states

L.Y. Li, et al. Phys. Rev. D 113 054509

preliminary

preliminary



Three point correlation functions
-12-

Complete set of 

hadronic states

Matrix elementDecay constant Decay constant

Ratio of 3pt/2pt:



Linear combination of helicity form factors

-13-

𝑉𝑖 = 𝑎𝑓+(𝑞2) + 𝑏𝑓⊥(𝑞2) + 𝑐𝑓0(𝑞2), 𝑖 = 1~6

A𝑖 = 𝑎𝑔+(𝑞2) + 𝑏𝑔⊥(𝑞2) + 𝑐𝑔0(𝑞2), 𝑖 = 1~6

Reduction formula

Reduction formula:

ground state + first excited state

where 𝐹 Γ, 𝑇, റ𝑝𝑓 = 𝑉𝑖 𝑜𝑟 𝐴𝑖

𝒇+

preliminary
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𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+ 𝒈⊥ 𝒈𝟎

Extrapolation to sequential time C32P23: mom=(0,0,1)

preliminary

preliminary

preliminary

preliminary

preliminary

preliminary



Renormalization

CLQCD Collaboration：H.Y. Du, et.al. Phys. Rev. D 111, 054504 (2025)

For the flavor-changing current 

𝐽 = ത𝑢𝛤𝑉/𝐴s, we use

-15-

Bare lattice currents

Renormalization of form factors

Renormalization constants of CLQCD ensembles:
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z-series expansion：

𝒒𝟐 dependenc : z-series expansion

S. Meinel, Phys. Rev. Lett. 118, 082001 (2017).

C24P34

𝒇+ 𝒇⊥ 𝒇𝟎

𝒈+
𝒈⊥ 𝒈𝟎



-17-Chiral and continuum limit

Extrapolation formula

𝒈⊥: 𝒂𝟎 𝒈𝟎: 𝒂𝟎

𝒇+: 𝒂𝟎 𝒇⊥: 𝒂𝟎
𝒇𝟎: 𝒂𝟎

𝒈+: 𝒂𝟎



-18-Form factors at the physical point

𝒇+

𝒈+ 𝒈⊥ 𝒈𝟎

𝒇⊥ 𝒇𝟎
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-20-Numerical results

Electron-channel branching fraction: agree with BESIII, but more than 2σ with PDG.

This work BESIII PDG

𝐁𝐫(Ξ → 𝚲𝒆−ഥ𝝂𝒆) ×104 𝟒. 𝟎𝟎(𝟑𝟒)𝒔𝒕𝒂𝒕 𝟑. 𝟔𝟎(𝟒𝟎)𝒔𝒕𝒂𝒕(𝟏𝟎)𝒔𝒚𝒔𝒕 𝟓. 𝟔𝟑 (𝟑𝟏)𝒕𝒐𝒕𝒂𝒍

Branching ratioDifferential decay width

preliminary

preliminary



-21-Numerical results

CKM matrix unitarity: within 1σ of BESIII, but more than 2σ from PDG.

CKM matrix element |Vus| Unitarity
Lepton-flavor ratio

preliminary

preliminary



-22-Summary

1. We calculated helicity form factors of  Ξ → 𝜦ℓത𝝂ℓ in Lattice QCD 

 2. Performed chiral and continuum limit extrapolations

3. Obtained the preliminary results of branching ratio and g𝒂𝒗 

Thanks for your attention!

• Other processes like Ξ𝒄 → Ξℓത𝝂ℓ…

• Apply 3pt to other baryon observables

Outlook
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   𝚵 − → 𝚲  ℓ −    𝝂 - ℓ


   (        𝑽  𝒖 𝒅      𝑽  𝒖 𝒔      𝑽  𝒖 𝒃       V  c d      V  c s      V  c b       V  t d      V  t s      V  t b )


    | V  u d | =


   |  V  u s | = 0 . 22431   ± 0 . 00085                      


    | V  u b | = 0 . 00382 ± 0 . 00020                      


        | 𝑽  𝒖 𝒅 | 𝟐 +       | 𝑽  𝒖 𝒔 | 𝟐


        | 𝑽  𝒖 𝒃 | 𝟐 = 𝟎 . 𝟗 𝟗 𝟖 𝟒 ± 𝟎 . 𝟎 𝟎 𝟎 𝟕


    𝟏 𝟎  − 𝟒   𝒂 𝒄 𝒄 𝒖 𝒓 𝒂 𝒄 𝒚


   |  𝑽  𝒖 𝒔 |


  𝜦 → 𝒑  ℓ −    𝝂 - ℓ


   ( 𝟑 . 𝟔 𝟎 ± 𝟎 . 𝟒 𝟏 ) ×   𝟏 𝟎  − 𝟒


   𝚵 − → 𝚲   𝒆  𝝂 - 𝒆


   ( 𝟓 . 𝟔 𝟑 ± 𝟎 . 𝟓 𝟏 ) ×   𝟏 𝟎  − 𝟒


  𝐫 × 𝟏  𝟎  − 𝟒


   𝚵 − → 𝚲   𝐞  𝛎 - 𝐞


   𝚵 − → 𝚲   𝛍  𝛎 - 𝛍


   𝒈  𝒂 𝒗   =  g 1 ( 0 ) /  f 1 ( 0 )


   𝒈 𝑨 𝑯


   𝒈 𝑨 𝑯 =  f 1  S U  ( 3 ) ∗  𝒈  𝒂 𝒗  


   f 1  S U  ( 3 ) = −  3 / 2


   t  s e q


  t


   C  2 p t    ( t ) =   ∑ x   e  − i p ⋅ x   Tr {  ⟨ 0  |  O   ℬ    ( x ) ,    O -   ℬ    ( 0 ) | 0 ⟩ T }


   L 3 × T


  𝜋


   24 3 × 64


   32 3 × 64


   32 3 × 64


   32 3 × 96


   36 3 × 108


   C  2 p t    ( t ) =   ∑ x   e  − i p ⋅ x   Tr {  ⟨ 0  |  O   ℬ    ( x ) ,    O -   ℬ    ( 0 ) | 0 ⟩ T }


   C  2 p t   ( t ) =  𝒁 𝓑   ( 𝟎 ) 𝟐  e  −  𝒎 𝑩 t ( 1 + Δ C ⋅  e  Δ m ⋅ t )


   𝚵 −


  𝚲


   V i = a  f + (  q 2 ) + b  f ⊥ (  q 2 ) + c  f 0 (  q 2 ) ,     i = 1 ~ 6


   A i = a  g + (  q 2 ) + b  g ⊥ (  q 2 ) + c  g 0 (  q 2 ) ,     i = 1 ~ 6


  F  ( Γ , T ,    p ⃑ f ) =  V i   o r    A i


   𝒇 +


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


    J =  u -  𝛤  V / A s


   𝒒 𝟐


   𝒇 +


   𝒇 ⊥


   𝒇 𝟎


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   𝒈 ⊥ :  𝒂 𝟎


   𝒈 𝟎 :  𝒂 𝟎


   𝒇 + :  𝒂 𝟎


   𝒇 ⊥ :  𝒂 𝟎


   𝒇 𝟎 :  𝒂 𝟎


   𝒈 + :  𝒂 𝟎


   𝒇 +


   𝒈 +


   𝒈 ⊥


   𝒈 𝟎


   𝒇 ⊥


   𝒇 𝟎


  𝐁 𝐫 ( Ξ → 𝚲  𝒆 −    𝝂 - 𝒆 )


  ×  10 4


  𝟒 . 𝟎 𝟎   ( 𝟑 𝟒 )  𝒔 𝒕 𝒂 𝒕


  𝟑 . 𝟔 𝟎 (   𝟒 𝟎 )  𝒔 𝒕 𝒂 𝒕 (   𝟏 𝟎 )  𝒔 𝒚 𝒔 𝒕


  𝟓 . 𝟔 𝟑   (   𝟑 𝟏 )  𝒕 𝒐 𝒕 𝒂 𝒍


  Ξ → 𝜦 ℓ    𝝂 - ℓ


   g  𝒂 𝒗


   Ξ 𝒄 → Ξ ℓ    𝝂 - ℓ

