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• [2] For the green point, unitarity is enforced

(PDG (2024)).

Determination of Vus (left) and the resulting CKM unitarity relation 
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• The blue points show results on decay rates using lattice

QCD combined with experimental data.

Current computations of Vus
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Decay rate 

Branching fraction

Computing 

|Vus|

Experimental result

Lattice  QCD  result

Use of experiential results 

PDG (2024) :

BESIII (2025) :

Combine LQCD and experimental 

results to obtain |Vus|
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Parameters of the Nf = 2+1+1 

Extended Twisted Mass Collaboration 

ensemble analyzed in this work.
(C. Alexandrou et al. (ETMC), (2023))

Statistics for the three- and two- point functions at 

various source-sink separations.

Smearing parameters for the light 

and

strange quark interpolating fields. 
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We integrate with respect to q2 and obtain the decay 
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Experimental result
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WE FOUND THE HADRONIC PART

FROM LQCD
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For electron, adapting Weinberg FFs, and solve perturbatively (Cabibbo et al. 

2003)

• f1 and g1 affect the leading order result

• f2 and g2 affect the NNLO result

• g3 and f3 contribute at higher orders

• g2 and f3 are second-class form factors
(Weinberg (1958) )

The deviations of the above from the integrated results are significant 
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S. Navas et al. (PDG), Phys. Rev. D 110, 030001 (2024)
S.-Q. Zhang, X.-H. Zhang, and C.-F. Qiao, JHEP 06, 122 (2024),

T. Ledwig, A. Silva, H.-C. Kim, and K. Goeke, JHEP 07, 132 (2008).
F. Schlumpf, Phys. Rev. D 51, 2262 (1995).
A. Faessler, et al., Phys. Rev. D 78,094005 (2008).
R. Flores-Mendieta, et al, Phys. Rev. D 58, 094028 (1998).

N. Cabibbo, et al. Rev. Nucl. Part. Sci. 53, 39 (2003).
L. S. Geng, et al, Phys. Rev. D 79, 094022 (2009).
G.-S. Yang and H.-C. Kim, Phys. Rev. C 92, 035206 (2015).
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LQCD results

Decay rates ratio

Experimental result

Lattice  QCD  result

Up to NLO - FF 

Independent
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By combining LQCD and 

experimental results
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Experimental result
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hyperon semi-leptonic decays
(H.-M. Chang, M. Gonzalez-Alonso, and J. Martin Camalich,

Phys. Rev. Lett. 114, 161802 (2015))
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Lattice  QCD  result

90 % Confident Level contours from LHC

Run 1 and Run 2
(V. Cirigliano, M. Gonzalez-Alonso, and M. L. Graesser, JHEP

02, 046 (2013))

90 % Confident Level contours from

semi-leptonic kaon decays
(V. Cirigliano, M. Gonzalez-Alonso, and M. L. Graesser, JHEP

02, 046 (2013))
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|Vus| from LQCD
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Two-point functions (a & b) Three-point function (c)
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