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Lattice scale propagates to every dimensionful observables as 

At sub-percent precision, scale error dominates systematics

Example)
dipole estimate of nucleon charge radius rE

2

0.586(17)(13) fm2

PNDME, 2020, PRD 101, 014507
 – Nucleon charge radius rE

2 has units of fm² → 2× sensitivity to a.
 – Due to precision determination, error from scale setting is small
 – Precision tests demand sub-percent control.

For Clover-on-Clover, such determination is called for!
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Lattice QCD (I)

● quark fields 𝜓(x), 𝜓(x) on the lattice sites

● gauge link U𝜇(x) acts as parallel transporter 

connecting x →x+a𝜇
● Lattice derivative

D𝜇𝜓(x) = U𝜇(x)𝜓(x+a𝜇) - 𝜓(x),

● Path integral discretized, Wick rotated

SEMINAR TALK AT SEJONG UNIVERSITY
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Lattice QCD (II)

● Fermion integrated out

● Monte Carlo Simulation

● Typical degree of freedom

       O(107 ~ 1010) 

SEMINAR TALK AT SEJONG UNIVERSITY
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● 2+1 flavor Wilson clover ensemble

● tree-level tadpole improved symanzik gauge action

● Sheikholeslami-Wohlert coefficient tuned to 1/u0
3

● Quark mass aimed to have (2𝑀𝐾+
2 − 𝑀𝜋+

2 )/𝑀Ω− = 0.1678 but it varies from 
0.17 to 0.20

● Lattice ensembles by many collaboration well summarized in Aoki, 
arXiv:2502.08303

● See also JHEP 05 (2023) 035 by G. Bali et al.
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Lattice Details
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Lattice Details

Multiple lattice Ensemble used:

PRECISION SCALE SETTING IN LATTICE QCD USING BARYON SPECTRA AND DECAY CONSTANTS

BARYONS 2025, JEJU, KOREA 11-10-2025 – 11-14-2025



JUN-SIK YOO- KU

● Gradient flow smoothes field toward static point in Lattice action

● Energy density at specific flow time, serves as a reference point

● Lattice Measurement gives t0/a
2

● Multiply by t0/a
2 to certain power to keep observable dimensionless

● t0 will be matched to t0
phys at the physical point when extrapolating
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Gradient flow observables
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Spectrum on the lattice

Euclidean two-point correlation function gives:

where 
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Spectrum on the lattice

Euclidean two-point correlation function gives:

where 
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Analysis from Octet Baryon Masses
Chiral model separated from lattice discretization effect

PRECISION SCALE SETTING IN LATTICE QCD USING BARYON SPECTRA AND DECAY CONSTANTS

lattice discretization modeled in three different shape

LO, NLO, NNLO term is fit as LEC

At physical point, we solve for t0
phys
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Analysis from Decay constants
Chiral and discretization dependence modeled

PRECISION SCALE SETTING IN LATTICE QCD USING BARYON SPECTRA AND DECAY CONSTANTS

Lattice discretization modeled in three different form

Additional chiral dependence tested (Cont.)

B. Strassberger, POS Lattice 2021
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Analysis from Decay constants
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Analysis from Octet Baryon Masses
Chiral and discretization dependence modeled
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Analysis from spectra and decay constant
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Final Result
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Summary
Flow time observable t0 and w0 is measured on Clover ensemble

Meson and Baryon spectrum measured in precision

Decay constants measured

Small numbers of ensemble limits analysis

Scale setting as well as sigma term can be measured

Thank you for your attention
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