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Lattice QCD
Standard M

odel of 
Particle Physics

• Numerical solution to QCD:

• Non-perturbative formulation 
of QCD in discretized, finite 
spacetime

• Currently our only reliable 
technique for solving QCD at 
low energies

• All uncertainties are quantifiable 
and may be systematically 
removed

• Extrapolations to                         
continuum, infinite volume,                  
physical pion mass

QCD
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How can a solution of QCD teach us about new physics?
2. Match new physics model at high energies 

to nuclear experiments: 0νββ, nucleon/
nuclear EDM (see talk by S. Syritsyn, Tues. 
17:50), DM searches (see talk by E. Rinaldi, 

Tues. 15:00)  

Majorana Detector

1. Look for discrepancies between the SM 
and experiment: gA, proton radius (see talk by 
S. Syritsyn, Sat. 17:50), muon g-2 (see talk by 

A. Meyer, Weds. 15:00)
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• Free neutron lifetime

• Nuclear beta decay

• Nuclear force                                               

• Big Bang nucleosynthesis

• Stellar processes

• …. 

What depends on gA?

𝜋



gPDG
A = 1.2723(23)

Very precisely measured experimentally



Neutron lifetime puzzle
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Neutron lifetime puzzle

Possible decays into 
dark matter?
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Final uncertainty is statistics 
dominated - can we push this to 
resolve the discrepancy between 
beam and bottle experiments? 



Can already place stronger constraints 
on right-handed BSM currents than 

collider experiments
Alioli, S., Cirigliano, V., 

Dekens, W.,
de Vries, J., and 

Mereghetti, E. 
JHEP 05, 086 (2017) 
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• Could be verified through 
observation of simultaneous 
double beta decay with no 
neutrino emission

• Lepton number violating 
process

• Lepton number asymmetry 
(in early Universe) can be 
converted to baryon 
number asymmetry

_

If observed, could help explain 

matter/anti-matter asy
mmetry 

in the universe!
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From NSAC 
Long Range 

Plan 2015

NH seems to be favored at 2𝜎

Capozzi, Valentino, Lisi, Marrone, Melchiorri, Palazzo 
Phys.Rev. D95 (2017) no.9, 096014

This picture assumes only 
long-range neutrino 

exchange - maybe we’re 
missing something!
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Which type dominates depends on 

details of BSM model
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ẽ�

QCD

Need to solve QCD non-perturbatively:  
LQCD!

LQCD will never directly calculate your 
favorite 0𝜈𝛽𝛽 isotope:

Monte Carlo noise (sign) problem, 
quark contractions, large range of 

scales,....
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Relating Theory to Experiment

Many-body methods

ab-initio methods

LQCD
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range
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Leading order short-range:
Don’t need to calculate full nn→pp transition from 

LQCD (difficult)!

1. With LQCD, calculate π-→π+ transition

2. Use EFT to determine nn→pp matrix element
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• LQCD is a necessary step toward reliably connecting 
experimental signals to the SM/BSM
• Nucleon axial charge

• Finally achieved 1% precision with LQCD!
• Statistics dominated: can we resolve neutron lifetime 
puzzle?

• Leading short-range contribution to 0νββ 
• Complete LQCD calculation at the physical point
• To do: Plug the results into your favorite many-body 
calculation!
• Future: full NNLO calculation including two-nucleon 
contact

Summary
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Very similar to calculation of hadronic 
parity violation (see talk by A. Walker-Loud 

Sat. 17:30)
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• Jülich: E. Berkowitz    

• WM/LBL: D. Brantley,
   H. Monge-Camacho 



163 ⇥ 48,m⇡L ⇠ 3.78 243 ⇥ 48,m⇡L ⇠ 3.99 323 ⇥ 48,m⇡L ⇠ 3.25
243 ⇥ 64,m⇡L ⇠ 3.22

243 ⇥ 64,m⇡L ⇠ 4.54 323 ⇥ 64,m⇡L ⇠ 4.29 483 ⇥ 64,m⇡L ⇠ 3.91

403 ⇥ 64,m⇡L ⇠ 5.36

323 ⇥ 96,m⇡L ⇠ 4.50 483 ⇥ 96,m⇡L ⇠ 4.73

Lattice Ensembles

• DWF on HISQ
• Gradient flow method for smearing 
configs

• mres < 0.1 ml  for moderate L5 

• dampens unphysical oscillations
• noise reduction

MILC Collaboration Phys. 
Rev. D87 (2013) 054505

Narayanan, Neuberger 
(2006), Luscher (2010)

Callat arXiv:1701.07559



• Why calculate it?

• Formally NNLO (Weinberg counting)

• Weinberg often doesn’t converge well, 
particularly in the 1S0 channel (see talk by 
V. Cirigliano)

• LO contribution vanishes for some BSM 
models

• Two nucleon LQCD calculations much more 
difficult (see talks by S. Beane, J. Bulava?)
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Future: two-nucleon 
contact

Cirigliano, V., Dekens, W.,
de Vries, J., Mereghetti, E., Graesser,

M., Pastore, S., van Kolck, U
arXiv:1802.10097





• QCD interactions can mix colors below 

the electroweak scale 

• Must add color mixed versions of 

Prezeau, Ramsey-Musolf, Vogel ops 1&2
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χPT:

• Nine operators:

• 𝜋 → 𝜋: only need parity even

• Vector operators suppressed 

by me

• QCD interactions can mix 

colors below the electroweak 

scale: +2 ops
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Left-right symmetric models

Prezeau, Ramsey-Musolf, Vogel (2003), Savage (1999)
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