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Scale setting

 Matching lattice observables to their physical value.
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* High precision is required! Y S O A A R

[ » = » » » = » » » & » a|L/a

 Gradient flow scales :

« Efficient to calculate and usually
Very precise.

« Subject to cutoff effects!
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Gradient flow and free-level improvement

0B, (x,) = Dy Gy (3, 1), B,(x,0)| _ = 4,(0)
G, = 9,B, —3,B, + B, B,|, D, =9, +|B,]
e Use two different versions: Wilson & Zeuthen flow.

« Zeuthen flow already 0(a?) improved!

AGTIVATE T



Gradient flow and tree-level improvement

E(t) =t*(E(x,t)) =0.3

[LUscher 2010]

L et) = W(t/a?) = 03
t—E(t) = W(t/a?) = 0.

[Borsanyi, Fodor 2012]

t/a? | tlﬂ
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Gradient flow and free-level improvement

* Perturbative expansion:
t2<E(.X', t)) — Ngg (C(az/t) + 0(98)) [Fodor, Nogradi 2014]
* Replace t*(E(x,t)) » t*(E(x,t))/C(a*/t)

« Determine C{1, L, T) perturbatively for different
[action] [flow][operator] combinations.

» Notable improvement for determinations of the step-scaling p
function for SU(3) with Nf = 4,6,8,10, 12. tosenfratz, rebi, witzel 2019 & 2020]
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CGradient flow measurements

« RBC-UKQCD's 2+1 flavor Shamir domain-wall fermion and
Iwasaki gauge field ensembles.

ensemble 5, L/a T/a any ams o AMres Nefe  trajectories — step
C1 2.13 24 64 0.005 0.040 0.003154(15) 1636 495-8670 D
C2 2.13 24 04 0.010 0.040 0.003154(15) 1419 1455-8545 5
M1 2.25 32 64 0.004 0.030 0.0006697(34) 628 290-3425 D
M2 2.25 32 064 0.006 0.030 0.0006697(34) 889 272-3824 4
M3 2.25 32 04 0.008 0.030 0.0006697(34) H44 250-2965 5
F1 2.31 48 96 0.002144 0.02144 0.0009679(21) 98 4000-7880 40
X1 2.37 32 04 0.0047 0.0186 0.0006296(58) 119 1000-6900 50
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Analysis

Comparison of ratio w/ and w/o tIn Chiral extrapolation
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Analysis

Wilson

flow

0.79
Il Clover ¢ wooth =
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Conclusion and Outlook

* fin reduces the spread between operators but cannot
remove cutoff effects from the gauge action.

» Successfully computed tin coefficients, which can be used in
future studies!

* Parts to iImprove on:
« Crude chiral extrapolation.
* Insufficient data at different bare gauge couplings.

» Next steps: Repeating this exercise using RBC-UKQCD's three
physical point ensembles (CO, MO, FO) with Mobius DWF kernel.
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Thank you

AQTIVATE




0.85 0.85

Wilson flow Zeuthen flow
0.84 0.84
»-""_’j:._._ :.:
e 0.83 s
o @t
*
+ | 3 F— 1% % *
0.79 0.79
B Clover 4 wiotln B Clover ¢ wiotln
0,78 EE__Wildon O w/tln 0.78. . . Wilgon O w/tln
Bl Symanzik B Symanzik
0'76.0 0.1 0.2 0.3 04 0.5 0'76.0 0.!1 0.2 0.3 04 0.5
(a/wo)? (a/wp)?

AQTIVATE




Wilson flow Zeuthen flow
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lattice volume Naites

Niows runtime |h|

162 x 32 2,805
163 x 64 5,445
243 % 64 15.015
393 % 64 31.977

483 % 96 143,325
643 x 128  425.425
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20( 0.12
20( 0.23
45( 1.65
R0 6.24

1,800 62.9

1,600 160.9




Wilson flow Zeuthen flow

lattice volume runtime [h| # nodes node hrs runtime [h] # nodes node hrs
243 x 64 0.33 1 0.33 1.12 1 1.12
323 x 64 1.85 1 1.85 6.25 1 6.25
487 x 96 5.70 4 22.8 8.19 8 65.52
64° x 128 8.36 8 66.88 - - -
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