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Introduction

• CKM matrix describes the weak interactions in the mass-eigenstate basis:
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• CKM matrix is unitary in the standard model, in particular,
	 |𝑉#$|,	 +	 |𝑉#%|,	 +	 |𝑉#&|,	 = 1	
0.95 6×10-. + 0.05 2×10-. + 1.5	(0.1)×10-/ = 1

• GF determined from Muon decays (𝜇 → 𝑒𝜈) 4𝜈*)
• Pion, Kaon, Tau decays give 𝑉#$ and 𝑉#% (e.g., 𝜋 → 𝑒	 4𝜈*, 𝐾 → 𝜋	𝑒	 4𝜈*, 𝜏 → 𝜋	𝜈+)
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𝑉DE assuming unitarity

From Vincenzo Cirigliano
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Phenomenology: 
Status on the 𝑉DF- 𝑉DE plane

Cirigliano et al., 2208.11707

• Leptonic and semileptonic meson decays 
inconsistent with unitarity

• Baryonic 𝛽-decays much closer to unitarity. 
• Global fit has has about 3𝜎 tension

∆012= −1.48 53 ×10-3

• Problem with hard photon corrections?
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Effective field theory calculation of radiative corrections

• Cirigliano et al., 2306.03138

The running from weak scale to the chiral-matching scale done perturbatively with 
resummation of leading logarithms.
Nonperturbative input needed for the IR-finite matching coefficient at the chiral scale.
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𝑽 − 𝑨 Interactions and lattice input

Γ ) is 𝑉 − 𝐴, but different processes pick up different components
• Semileptonic pseudoscalar mesons (and 04 → 04 nuclear) decays purely 𝑉.  

– Need lattice input like 𝑓! (and nuclear theory).
• Leptonic decays of pseudoscalar mesons are purely 𝐴.

– Need lattice input like 𝑓".

• Nucleon (and tau decays) need both 𝑉 and 𝐴.
– Need 𝑔# and 𝑔$.
– These appear in the coefficients of the 2-quark+2-lepton four-fermi terms.
– Differs from lattice determined coefficients of the quark bilinear vector and axial 

currents by hard electromagnetic ‘vertex corrections’.
– 𝜆	 ≡ 	𝑔$/𝑔# well determined by 𝐴-asymmetry of 𝑛 → 𝑝	𝑒	 ,𝜈% 𝛽-decays.
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Neutron decay phenomenology

From Vincenzo Cirigliano
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Lattice Methodology

From Vincenzo Cirigliano
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Lattice Systematics

• Four-point functions are difficult on the 
lattice.

• Nucleon correlators dominated by noise 
beyond about 1.5 fm

• Excited states significant for about 0.5 fm.
• Physical pion masses may have low-lying 

multihadron excited states.
• Mesonic analogue calculation shows 

consistency with perturbative calculations.
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Lattice Status

LANL P. Ma, Xu Feng, et al

□'()* 4+
2.810(26) ×10,- 2.830(11)(26) ×10,-

□'()* 4.
2.389(17) ×10,- 2.437(44) ×10,-

□'()* 4$
3.65(8)lat(44)PT ×10,-

• Results for mesons agree within stated errors.
• LANL and Ma et al. calculations differ in systematics.

• LANL uses physical strange quark and varying light quark mass.
• Full accounting of systematics will need further study.

• Excited state uncertainties are unclear.
• Important for multiple calculations to agree.

PRD 108, 034508 (2023)

PRL 124, 192002 (2020)
PRD 103 114503 (2021)

arXiv:2308.16755
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Proposed Calculation

• Use two HISQ ensembles
• a=0.1207(11) fm, Mπ=305.3(4) MeV (sea), Mπ=310(3) MeV (sea), 243 x 64
• a=0.1202(12) fm, Mπ=218.1(4) MeV (sea), Mπ=225(2) MeV (sea), 243 x 64

• Same volume and lattice spacing, differs in pion mass.
• Do calculation at multiple source-sink separations.
• Look for

• Statistical signal
• Systematics associated with source-sink separation
• Systematics associated with pion mass


