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Motivations
• Semi-leptonic decays offer an ideal place to deeply understand 

hadronic transitions in the nonperturbative region of QCD, and 
can help to explore the weak and strong interactions in charm 
sector

• Vector meson decay makes this transition notoriously difficult 
to model due to theoretical complexity

• Combining with the experimental data, the CKM matrix element 
can be extracted, and it helps to test unitarity of CKM matrix 
and search for new physics beyond SM

• Calculating branching fractions helps to test � − � lepton flavor 
universality

  
2/19non-perturbativeExperimental data

SM parameter [BESIII, JHEP 12, 072 (2023)]
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https://link.springer.com/article/10.1007/JHEP12(2023)072
https://link.springer.com/article/10.1007/JHEP12(2023)072


Motivations
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• Status of theoretical and experimental studies

• Provide lattice QCD input to investigate the SU(3) symmetry (by combining with � → �∗�� calculation)

 A precise lattice calculation is important!
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Introduction to lattice QCD
• Path integral in discrete Euclidean space

• Expectation values of gauge-invariant operators, also known 
as “correlation functions”  

• Monte-Carlo method and data analysis
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Lattice set up

 
• (2+1)-flavor Wilson-clover gauge ensembles [CLQCD, PRD 111, 054504 (2025)]

• Computer resources: “SongShan” supercomputer at Zhengzhou University
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.054504


Method (correlation function formulism)

• 2-point correlation function (2pt),

• 3-point correlation function (3pt)，
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Method (scalar function)  
• The parameterization for � → � semileptonic matrix element

• Correlation functions          Scalar functions          Form factors

• Relationship with the form factor
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�, �0, �1, �2 
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Method (scalar function)  
• A similar scalar function scheme has been used for high-precision calculation
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• Γ(�� → 2�) = 6.67(16)stat(6)syst keV                                    [Y. M et al, Science Bulletin 68, 1880 (2023)]

• Γ(��
∗ → ���) = 0.0549(54) keV                                                             [Y. M et al, PRD 109, 074511 (2024)]

• Br(�/� → ����) = 1.21(11) × 10−11

     Br(�/� → ����) = 1.18(11) × 10−11  
     Br(�/� → �����) = 1.90(8) × 10−10

     Br(�/� → �����) = 1.84(8) × 10−10                                                   [Y. M et al, PRD 110, 074510 (2024)]

• Br(�/� → ���) = 2.49(11)lat(5)exp%                                                   [Y. M et al, PRD 111, 014508 (2025)]
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https://www.sciencedirect.com/science/article/pii/S2095927323004905?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.074511
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.074510
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.014508


• Least �2 fitting considering covariance matrix between configurations and time

• There should be a plateau when meson ground states are dominant
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Results (2-point function fitting) 

          C24P29                               C32P23                               F32P30                                F48P21                                   H48P32 

fit function for �� is
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• Least �2 fitting considering covariance matrix between configurations and time

• There should be a plateau when meson ground states are dominant
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fit function for � is

Results (2-point function fitting) 

          C24P29                               C32P23                               F32P30                                F48P21                                   H48P32 
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Results (dispersion relation)
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• We checked the dispersion relation of �� meson at different momenta 

• Use a discrete dispersion relation as the fitting function

          C24P29                               C32P23                               F32P30                                F48P21                                   H48P32 

�latt is 1.0407(54), 1.0447(80), 1.0384(72), 1.032(10), 1.029(10) 
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• We checked the dispersion relation of � meson at different momenta 

• Use a discrete dispersion relation as the fitting function 

Results (dispersion relation)

          C24P29                               C32P23                               F32P30                                F48P21                                   H48P32 

�latt is 1.024(15), 0.988(26), 1.023(15), 1.026(23), 1.045(21) 
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Results (form factor)
• The results have been multiplied by the renormalization constant, data point errors from jackknife analysis
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Results (global fit)
• Extrapolate results to the physical pion mass and continuum limit using �-expansion

• �0(0) − �3(0) =− 0.005(27), consistent with zero
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Results (� form factor)
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using �-expansion [HPQCD, PRD 90, 074506 (2014)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.074506


Results (differential decay width)
• Differential decay width using �-expansion, where the lepton mass is neglected                                           

[Rev. Mod. Phys 67, 893 (1995)]
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https://journals.aps.org/rmp/pdf/10.1103/RevModPhys.67.893


Results
• Summary of preliminary results (form factor)
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single pole

modified pole
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Results
• Summary of preliminary results (branching fraction)
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PDG  ���  as input 
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• Dispersion relations of �� meson and � meson are calculated 

• Form factors on five lattice sets with different �2 are calculated

• Extrapolate form factors to the physical pion mass and continuum limit

• Differential decay width and branching fraction results are calculated

• Preliminary work on � → �∗�� form factors are ongoing

Summary
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Thank you for your attention!
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