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Motivation

• Precise test for Standard Model and search for new physics: CKM matrix element, lepton flavor 
universality

• High-precison measurements (BESIII, etc) and theoretical calculations

• Vector meson decay brings additional polarization information

• Test the non-perturbative QCD in charm sector
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non-perturbative

Experimental data

SM parameter

[BESIII,  PRL 135, 111803 (2025)]

2026/5/16 courtesy arXiv:2103.00908

https://journals.aps.org/prl/abstract/10.1103/zfxr-dlzg


Motivation

4/29

• Status of theoretical and experimental studies

 A precise lattice calculation is important!2026/5/16

2003

� → �∗ [BESIII,  PRL 135, 111803 (2025)]

2014

�� → � [BESIII, JHEP 12, 072 (2023)]

No full lattice calculation

https://journals.aps.org/prl/abstract/10.1103/zfxr-dlzg
https://link.springer.com/article/10.1007/JHEP12(2023)072
https://link.springer.com/article/10.1007/JHEP12(2023)072
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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

2026/5/16



Lattice set up

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

• Computer resources: “SongShan” supercomputer at Zhengzhou University

• Systematic calculation: four lattice spacing and four pion mass
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.054504


Correlation function

• 2-point correlation function (2pt), to extract mass and decay constant

• 3-point correlation function (3pt), to extract form factor with 2pt

8/292026/5/16



Scalar function method  
• The parameterization for � → � semileptonic matrix element

• Correlation functions           Scalar functions             Form factors
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• A similar scalar function scheme has been used for high-precision calculation
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• Br(�/� → ���) = 2.49(11)lat(5)exp%
                                                                              
• Br(�/� → ����) = 1.21(11) × 10−11,       Br(�/� → ����) = 1.18(11) × 10−11  
     Br(�/� → �����) = 1.90(8) × 10−10,        Br(�/� → �����) = 1.84(8) × 10−10 

• Γ(��
∗ → ���) = 0.0549(54) keV 

                                                   
• Γ(�� → 2�) = 6.67(16)stat(6)syst keV

2026/5/16

[Y. M et al, Science Bulletin 68, 1880 (2023)]
[Y. M, ..., Z. Liu, et al, PRD 109, 074511 (2024)]
[Y. M et al, PRD 110, 074510 (2024)]
[Y. M et al, PRD 111, 014508 (2025) [BESIII, PRL 134, 181901 (2025)]

Scalar function method  

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
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.181901
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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

• Check the discrete dispersion relation 

Two-point function of ��  
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• We extrapolate mass and decay constant of � meson to get physical results 

Mass and decay constant

2026/5/16

� or �� = � + ��2 + �(��
2 − ��, phys

2 )

� = 1.0229(85) GeV/�2

�� = 0.2456(60) GeV

�� =
��

� ��

�



Form factor 
• Extrapolate results to the physical pion mass and continuum limit using �-expansion

• �3(0) − �0(0) = 0.002(15), consistent with zero

15/292026/5/16



�2 and ��
2  dependence

• The form factors can be described well by the �2-order term and the ��
2 -order term

16/292026/5/16



Systematic uncertainty
• Fit range and excited-state

• Fit ansatz

• Finite-volume effect

17/292026/5/16

C24P29, � = 2.53 fm

C32P23, � = 3.37 fm



Comparision with experiments
• Key physical quantities: 

18/292026/5/16



Differential decay width
• Differential decay width [M. Ivanov et al, Front. Phys. (Beijing) 14 (2019) 64401]

19/292026/5/16

https://doi.org/10.1007/s11467-019-0908-1


CKM matrix element
• Extract |���| by comparing with PDG

20/292026/5/16
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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

• Check the discrete dispersion relation 

Two-point function of �  
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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

• Check the discrete dispersion relation 

Two-point function of �∗  
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• We extrapolate mass of �∗meson to get physical result 

�∗ Mass 

2026/5/16

� or ��∗ = � + ��2 + �(��
2 − ��, phys

2 ) + ��−��� � = 0.886(11) GeV/�2



Form factor 
• All form factors are obtanied by 

• Extrapolate results to the physical pion mass, continuum limit and infinite volume using �-expansion

• �3(0) − �0(0) = 0.13(7), consistent with zero
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�2, ��
2  and �−��� dependence

• Check the dependence of the �2-order term, ��
2 -order term and �−���-order term

26/292026/5/16



Comparision with experiments
• Key physical quantities: 

27/292026/5/16

First un-quenched result
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• Develop scalar function method for � → � semileptonic decay

• Systematic study on �� → �ℓ�ℓ using seven CLQCD ensembles

• Greatly improve the precision (1% - 5%) compared to HPQCD (12% - 16%)

• First full QCD calculation � → �∗�� form factors (Preliminary!) 

• Evaluate resonance effect of the vector meson and systematic uncertainties

• Other charmed meson semileptonic decay: � → �, �� → �∗. . .

Summary
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Thank you for your attention!
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