
Advances in Lattice QCD

Piotr Korcyl

5th Symposium of the Division for Physics of Fundamental
Interactions of the Polish Physical Society

Advances in Lattice QCD 1/ 16



Lattice Quantum Field Theory

Lattice regularization

Discretize your theory with a minimal lattice spacing a (UV) and a finite
volume (usually torus) (IR). Evaluate numerically the finite path integral
to estimate quantum expectation values.

Recovery of relevant continuum (Euclidean) physics

statistical limit
infinite volume limit
physical quark masses limit
continuum (renormalization) limit
other required limits (large hadron’s momentum)
. . .

All this takes a lot of human and computer time!
⇒ but allows to keep all systematic uncertainties under full control!
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Lattice Quantum Field Theory: where are we now?

Taken from Snowmass 2022 report: https://arxiv.org/pdf/2209.10758.pdf
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Improving algorithms and computational strategies

Coordinated Lattice Simulations effort

W. Söldner (U. Regensburg) Lattice2022 presentation
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Improving algorithms and computational strategies

Coordinated Lattice Simulations effort

S. Collins (U. Regensburg) Lattice2022 presentation
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Phenomenology

FLAG (Flavor Averaging Group) reports and decay constants

f+(0) = ⟨K |Q ūs |π⟩, fπ = ⟨π|Q |0⟩, fK = ⟨K |Q |0⟩

Progress
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f+(0) = 0.9706(27) f+(0) = 0.9698(17)
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QCD+QEDC

QED on the lattice: theoretically challenging!

Gauss law does not allow charged states on a periodic torus
massless photon ⇒ long range interactions

C ∗ boundary conditions

QED with C-parity boundary conditions (QEDC ): the matter fields are
multiplied by the charge conjugation at the edge of the lattice in the
spatial directions. This provides a consistent QFT. Charged interpolating
operators can be constructed in a gauge-invariant way ⇒ correlation
functions of charged operators can be estimated.
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QCD+QEDC

C ∗ boundary conditions

Taken from RC* collaboration, https://arxiv.org/pdf/2209.13183.pdf
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x-dependence of structure functions

Twist-2 PDF

Taken from K.Cichy, https://arxiv.org/pdf/2111.04552.pdf
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x-dependence of structure functions

Further exploratory studies

flavor-singlet quark PDFs
gluon PDFs
twist-3 quark PDFs
generalized PDFs (GPD)
transverse momentum dependent PDFs (TMD)
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Quantum computing

Working principle

Taken from L.Flucke, Lattice2022 plenary talk
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Quantum computing

Revolution is happening now!

Taken from L.Flucke, Lattice2022 plenary talk
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Quantum computing

Revolution is happening now!

Taken from L.Flucke, Lattice2022 plenary talk
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Machine learning

Another revolution is happening now!

Taken from P.Shanahan, Lattice2022 parallel talk
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Machine learning

Another revolution is happening now!

Taken from P.Shanahan, Lattice2022 parallel talk
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Conclusions: Recent advances? Too many of them...

A VERY subjective subset:

improving algorithms and computational strategies ⇒ increasing
precision: permille precision on stable light hadron masses

such precision requires control of corrections which so far were
neglected ⇒ QCD+QED

improved precision proliferates on other quantities ⇒ structure
functions

ever increasing computational cost ⇒ will machine learning or
quantum computers help?
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