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Lattice QCD and electroweak interactions
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Ø Lattice QCD is powerful for “standard” hadronic matrix elements with

Role played by Lattice QCD: calculate the hadronic matrix elements

• Single local operator insertion

• Typically 2-point or 3-point correlation function

• No isospin breaking effects involved yet



Precision era for lattice QCD
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Flavor Lattice Averaging Group (FLAG) average, based on FLAG review 2021

High precision requires new directions to open in lattice QCD



FLAG average 2021
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Radiative corrections 
become important!



Go beyond local hadronic matrix elements - challenges
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Go beyond local hadronic matrix elements - opportunities
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Go beyond local hadronic matrix elements - opportunities
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Our recent work on long-distance electroweak processes
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Electroweak box diagram
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CKM unitarity – a constraint from Standard Model
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CKM unitarity – a constraint from Standard Model
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Vud from different measurements
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Ø 0+→0+ nuclear beta decays, which are pure vector transition at leading order
Ø Estimate of nuclear structure uncertainties is important

l Superallowed β decays

l Neutron β decays
Ø Free from nuclear structure uncertainties
Ø Nuclear-structure independent radiative correction (RC) is same as superallowed nuclear β decay

Ø τn Neutron life time, measured by Ultra Cold Neutron Experiment, UCNτ+
Ø gA Neutron axial charge, measured by UCNA+
Ø Radiative correction (RC)

New experiments under going, comparable precision as superallowed β decay in the near future

|Vud|=0.9737(9)

|Vud|=0.9737(3)

[See the talk from Andre Walker-loud]



Vud from different measurements
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Ø 0+→0+ nuclear beta decays, which are pure vector transition at leading order
Ø Estimate of nuclear structure uncertainties is important

l Superallowed β decays

l Neutron β decays
Ø Free from nuclear structure uncertainties
Ø Nuclear-structure independent radiative correction (RC) is same as superallowed nuclear β decay

l Pion semileptonic β decays
Ø More difficult to measure pion decays
Ø Theoretically simpler, especially for lattice QCD

|Vud|=0.9739(29)

|Vud|=0.9737(9)

|Vud|=0.9737(3)

u Summary

Ø To extract Vud from superallowed decay or neutron β decay 
with controlled uncertainties at ~2×10-4 level

Use pion decays to set up the lattice QCD calculation strategy 

RC is important



Axial γW-box diagram
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Quark contractions for the γW-box diagram 
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Five gauge ensembles at physical pion mass
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Ø Gauge ensembles generated by RBC-UKQCD Collaborations using 2+1 flavor domain wall fermion

Ø 24D, 32D, 32D-fine use Iwasaki+DSDR action; while 48I, 64I use Iwasaki gauge action



Lattice results for the hadronic functions
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Combine lattice results with pQCD
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Error analysis
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Pion semileptonic β decay
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Status of Vus
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Basic idea
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Axial γW-box diagram contribution to K0 → π+ decays
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Lattice results
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Consistent between lattice and ChPT, but error from lattice is much smaller



Determination of LECs

25/33



Move to nucleon sector
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• Perform the volume summation for each point

Increasing each point, computational cost 
increases by 105-106 times!
Cannot be solved by increasing resources …

• From 3-point to 4-point function

𝑥! 𝑥" 𝑥# 𝑥! 𝑥" 𝑥$ 𝑥#

3-point: 𝐿! summation 4-point: 𝐿" summation

• Hadronic part from a typical 4-point function

1 4

Solution：Field sparsening method

• Reduce the computational cost by a factor  of 1000 
with almost no loss of precision!

Utilize field sparsening method

【Y. Li, S. Xia, X. Feng, L. Jin, PRD 103 (2021) 014514】

• Less summation points may lead to lower precision

• It is not the case because of high correlation in lattice data

• Use both meson & baryon system to confirm universality

1000 times less points yields similar precision



Computation of 4-point function
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Ø Complicated quark field contraction for nucleon 4-point function – 10 types of connected diagrams

Ø Nucleon γW-box diagram requires 8 types of contractions (only type 2 & 4 do not contribute)

Ø Disconnected diagram is currently neglected as it vanishes in the flavor SU(3) limit



Lattice results
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for ground state dominance in source and sink 

Sum over t with a temporal truncation T

needs large T for saturation 



With momentum integral
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Unintegrated data with Q2 dependence Integrated data with temporal truncation T

Question: Whether T=8 is safe for temporal truncation?



Examine the ground intermediate state dominance
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Infinite-volume reconstruction method: 

Construct a ratio to examine the ground-state dominance

Confirm ts=3a is a safe choice for reconstruction



Results from IVR
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Temporal truncation effects are resolved
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Conclusion
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