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Scale setting for precision physics

Fermilab Lattice and MILC. arXiv:2212.12648

For semileptonic D decay 
processes, the scale 
setting error is one of the 
dominant sources of 
uncertainties.

Fermilab Lattice, MILC, TUMQCD. arXiv:1802.04248

For quark masses, the 
scale setting error is also 
a dominant source of 
error.

mailto:yin01@mit.edu
https://arxiv.org/abs/2212.12648
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Scale setting for muon g-2
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Precision scale setting on HISQ to constrain the leading order HVP to muon g-2

Fermilab Lattice, HPQCD, MILC. arXiv: 2301.08274

Connected light quark contribution to the intermediate window observable

Δahvp

ahvp
≈ 2 ( ΔΛ

Λ )
M. Della Morte et al. arXiv:1705.01775

A sub-percent scale 
determination, accounting for 
all systematics, is needed.

mailto:yin01@mit.edu
https://arxiv.org/abs/2301.08274
https://arxiv.org/abs/1705.01775


Gradient flow scales on HISQ



Gradient flow scales
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Smoothening procedure, Lüscher, 1006.4518: 

           , 

where the flow action  or 


Scale setting: 

           or     , 

where the observable   or    or  

dVx, μ

dt
= − {∂x, μSf(t)} Vx, μ, Vx, μ(t = 0) = Ux, μ

Sf = SWilson Sf = SSymanzik

t2⟨So(t)⟩
t=t0

= Const [t
d
dt

t2⟨So(t)⟩]
t=w2

0

= Const

So = Sclover So = SWilson So = SSymanzik
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Improving the lattice gradient flow
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For a given combination of the dynamical action, flow action and the 
observable the leading discretization effects can be canceled at tree level, 
Fodor et al, 1406.0827: 
              

t2S(t) → t2Scorr(t) =
t2S(t)

1 +
4

∑
m=1

Cm(a2m/tm)

mailto:yin01@mit.edu
https://arxiv.org/abs/1406.0827


Parameters of the calculation
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Two flows: Wilson, Symanzik

Observable: Clover, Wilson, Symanzik

Tree-level corrections

Fourth-order commutator-free Lie group integrator, 2007.04225, 2101.05320

Integrate the flow at two step sizes 0.05, 0.025

The flow on all MILC HISQ ensembles at  fm,  fm and  fm 

is completed,  fm is ongoing on USQCD and non-USQCD resources

Computing time in 2023-2024 is requested for the retuned CalLat physical 
pion mass  fm ensemble the incorporated in several MILC projects

a ≈ 0.09 0.12 0.15
a ⩽ 0.06

a ≈ 0.09

mailto:yin01@mit.edu
https://arxiv.org/abs/2007.04225
https://arxiv.org/abs/2101.05320


Action density vs flow time,   fma ≈ 0.12
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Action density vs flow time,   fma ≈ 0.09
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Action density vs flow time,   fma ≈ 0.12
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Action density vs flow time,   fma ≈ 0.09
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Simple continuum extrapolation
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Figure 1: Preliminary fit of a dimensionless quantity w0fp4s for the physical mass ensembles at
a = 0.06, 0.09 and 0.12 fm as function of a2. Di↵erent colors represent di↵erent definitions of w0

in terms of the gradient flow and discretization of the observable used, as defined in Table 1. The
details are described in the text.

compute two more sets of correlators measured at finite valance electric charges ±ev. Computations
on the physical a ⇡ 0.15 fm ensemble are cheap, so we intend to use unallocated resources for this
ensemble. Based on the result of this study, we will decide whether to pursue a leadership-cluster
proposal to perform computations on the physical mass a ⇡ 0.06 fm ensemble.

On the other hand, the isospin-breaking e↵ects from sea quarks are observed to be small for the
Omega baryon mass [9], and they more computationally intensive to study. So a separate study
will be needed, and we do not include them in this proposal.

Figure 2 shows the current statistics on three physical ensembles. The current fit posteriors
show uncertainties between 0.2% and 0.3% so further increases in statistics are needed to reach the
desired precision.

4

PRELIMINARY

Simultaneous fit for all six 
available flow/observable 
combinations on the physical 
pion 0.06, 0.09 and 0.12 fm 
ensembles

Quadratic in , 18 data points, 
13 parameters with common 
intercept

a ≈

a2

mailto:yin01@mit.edu


 Baryons on HISQΩ



Details of  on HISQaMΩ

Yin Lin 林胤 14yin01@mit.edu

So far only computed on physical-mass ensembles 0.15, 0.12, 0.09, 
and 0.06 fm. Cheap to compute on most ensembles

Three Ω baryon tastes, three interpolators. J. Bailey. arXiv:hep-lat/0611023, 
C. Hughes, Y. Lin, A. Meyer. arXiv:1912.00028 


Two types of sources, wall and Gaussian smeared sources, to better 
constrain the excited-state contamination

a ≈

OΩ,1 = OΩ,2 = +−

mailto:yin01@mit.edu
https://arxiv.org/abs/hep-lat/0611023
https://arxiv.org/abs/1912.00028
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,  fm physical massesaMΩ a ≈ 0.09, 0.06

error ≈ 0.2% error ≈ 0.5%

mailto:yin01@mit.edu
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Simple continuum extrapolation of MΩ
 Preliminary fit result: 

 MeV 
error ≈ 0.4% — on par/
better with the current best 
lattice determinations

More statistics are being 
added

Systematic errors are 
important

MΩ = 1668(7)

mailto:yin01@mit.edu
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Summary and outlook
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Figure 1: Preliminary fit of a dimensionless quantity w0fp4s for the physical mass ensembles at
a = 0.06, 0.09 and 0.12 fm as function of a2. Di↵erent colors represent di↵erent definitions of w0

in terms of the gradient flow and discretization of the observable used, as defined in Table 1. The
details are described in the text.

compute two more sets of correlators measured at finite valance electric charges ±ev. Computations
on the physical a ⇡ 0.15 fm ensemble are cheap, so we intend to use unallocated resources for this
ensemble. Based on the result of this study, we will decide whether to pursue a leadership-cluster
proposal to perform computations on the physical mass a ⇡ 0.06 fm ensemble.

On the other hand, the isospin-breaking e↵ects from sea quarks are observed to be small for the
Omega baryon mass [9], and they more computationally intensive to study. So a separate study
will be needed, and we do not include them in this proposal.

Figure 2 shows the current statistics on three physical ensembles. The current fit posteriors
show uncertainties between 0.2% and 0.3% so further increases in statistics are needed to reach the
desired precision.

4

PRELIMINARY

Perform measurements of the 
retuned a ≈ 0.09 fm from CalLat

Continue accumulating statistics on 
a ≤ 0.06 fm ensembles with external 
resources

Constraining  the isospin breaking 
effects on a ≈ 0.12, 0.09 fm 
ensembles

Continuing accumulating statistics
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