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ü Charm Quark Physics

ü Lattice QCD

ü 𝜩𝒄 Decays

ü Lattice Results for 𝜩𝒄 form factors and |𝑽𝒄𝒔|

ü Summary
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Charm Quark Physics: SM test

𝑉#$ 𝑉#% 𝑉#&
𝑉'$ 𝑉'% 𝑉'&
𝑉($ 𝑉(% 𝑉(&

|𝑉!"| = 0.97370 ± 0.00014
| 𝑉!#| = 0.2245 ± 0.0008
|𝑉!$| = 0.00382 ± 0.00024

|𝑉!"|# + |𝑉!$|#+ |𝑉!%|# = 0.9985 ± 0.0006

First row:

Second row:

|𝑉%"| = 0.221 ± 0.004
| 𝑉%#| = 0.987 ± 0.011
|𝑉%$| = 0.0410 ± 0.0014

|𝑉&"|# + |𝑉&$|#+ |𝑉&%|# = 1.025 ± 0.022

PDG2021

𝟏𝟎!𝟒 𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚

𝟏𝟎!𝟒 𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚

High precision determination of the second row provide strong tests of CKM unitarity.



Lattice QCD
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ØNumerical simulation in discretized 
Euclidean space-time

ØFinite volume (L should be large)

ØFinite lattice spacing (a should be 
small)

Tremendous successes in hadron spectroscopy, decay constants, form factors, etc. 

µx



Lattice QCD
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Path Integral: 

Monte Carlo Integration and Configurations: 𝑃 = .
/×𝑒

0(2!32")

gfg SSS MeDAeDDDAZ -+- òò == det)(
µµ yy

Observable: 
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Lattice size Lattice spacing Pion mass N cfg

24x72 0.108fm 280-290MeV 2000+

32x96 0.08fm 280-300MeV 1000+

48x144 0.055fm 280MeV producing

48x96 0.108fm 200MeV producing

48x96 0.108fm 140MeV prepare

Lattice QCD

Peng Sun, Yibo Yang, Wei Sun, Liuming Liu



Form factor on the LQCD
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Form factor on the LQCD
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𝚵𝒄 Decays
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𝚵𝒄 Decays on the Lattice
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𝚵𝒄 Decays on the Lattice
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𝚵𝒄 Decays on the Lattice
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𝚵𝒄 Decays on the Lattice
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𝚵𝒄 Decays on the Lattice
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Charmed Baryon Decays on the Lattice: Prospect
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Summary

Thank you very much!
18

ü Weak decays of charmed hadrons can play a very important role in testing
SM and probing NP.

üA set of new configurations have been generated and can be used for multi-
purpose phenomenological analysis.

ü The first lattice QCD calculation of 𝚵𝒄 → 𝚵 form factors and the CKM
matrix element

|𝑽𝒄𝒔| = 𝟎. 𝟖𝟑𝟒 ± 𝟎. 𝟎𝟓𝟏 ± 𝟎. 𝟎𝟓𝟔 ± 𝟎. 𝟏𝟐𝟕. Belle data
|𝑽𝒄𝒔| = 𝟎. 𝟗𝟖𝟑 ± 𝟎. 𝟎𝟔𝟎 ± 𝟎. 𝟎𝟔𝟓 ± 𝟎. 𝟏𝟔𝟕. ALICE data

ü More exciting analyses of charmed hadrons are undergoing.


