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F/F_from Lattice QCD
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ETM 21
Wilson-Clover 'TwM, three spacings: a ~ 0.069 — 0.094 tm,
two phys: m_~ 134 — 346 MeV — 1.1957(44)(7)

CalLat 20:
MDWZF on HISQ), four spacings a ~ 0.06 — 0.15 fm,
three phys: m_~ 130 — 400 MeV — 1.1942(32)(31)

FNAL/MILC 17:
HISQ), six spacings: a =~ 0.03 — 0.15 fm,
five phys: m, ~ 129 — 337 MeV — 1.1950(15)(*®,)

HPQCD 13A:
HISQ), three spacings: a = 0.09 — 0.15 fm,
three phys: m_= 128 — 306 MeV — 1.1916(15)(16)

Ny=2+4 141 Fge/F,.=1.1934(19)

Results from shared HISQ) ensembles treated as 100%o
correlated.
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Lattice QCD Setup

* We employ a the Mobius Domain Wall lattice action to describe
N; =2+ 1+ I valence and sea quarks.

* Preserves chiral symmetry (obeys {ys, D} = aDysD)
* Executed with modest computational cost (O(100) ctgs/ens)

* Form correlation functions from Op = wysy, O = yy,ysw

Cpp(t) = (Zp)*(e~Eot + e~Fot=T)) C,p(t) = 2978 (et — e~Eolt-T)

* Using parameters from simultaneous fits, we can determine the decay
constants on each ensemble.

70 70 * Large-scale computational resources are required.
A K AT
FK — ZA F — ZA NERSC at Lawrence Berkeley National Lab

- —




Lattice QCD Ensembles

Parameter Space
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Extrapolation Analysis

We use a Bayesian framework to perform a nonlinear
fitting strategy.

Agnostic, data-driven approach to determine the model
that best represents the data.

Pion (Quark) mass dependence %arameterized through

Chiral Perturbation Theory (yPT) up to O(&2):

Fr 1+ 68FNWO 4 spNLO

F, 14 6FNO 4 §FNLO 4 ...

https://github.com/gplepage/lIsgfit




Extrapolation Analysis

-
2 d
* We use a Bayesian framework to perform a nonlnear m; -
fitting strategy. 5 T —2 mﬂL €a =
(4rkF)) 2wy
* Agnostic, data-driven approach to determine the model \C
that best represents the data.
* Pion (Quark) mass dependence parameterized through .
Chiral Perturbation Theory (;(P}[)') up to O(&2): * NLO FV corrections:
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https://github.com/gplepage/Isqfit Phys. Rev. D 97, 091502 (2018) [1711.11328v2]



Physical Point

model expansion include In(m,) include N°LO include N°LO chi2/dof @ logGBF weight Fx [ Fx
form @QNZLO? €x(fx — &2)? e2(€x — &x)EpT?

nnlo_ratioct Eq. (B2) X X X 1.219 0.190 123.409 0.205  1.1989(17)
nnlo_ratio_ct_a4 Eq. (B2) X / X 1.201 0.207 123.393 0.202  1.2007(30)
nnnlo_ratio_ct_.a4d Eq. (B2) X v/ v/ 1.167 0.242 123.049 0.143  1.1989(39)
nnnlo_ratio_ct Eq. (B2) X X X 1.194 0.214 122912 0.125  1.1971(33)
nnlo_ct_a4 Eq. (Bl) X v/ X 1.207 0.201 122.701 0.101  1.1980(28)
nnlo_ct Eq. (B1) X X X 1.235 0.176 122.572 0.089  1.1959(16)
nnnlo_ct_.a4 Eq. (B1) X v/ X 1.175 0.234 122.306 0.068  1.1970(37)
nnnlo_ct Eq. (B1) X X v/ 1.209 0.200 122.058 0.053  1.1950(32)
nnnlo_a4 Eq. (Bl) v/ v/ X 1.270 0.147 119.476 0.004  1.2006(39)
nnnlo Eq. (B1) v/ v/ v/ 1.300 0.126 119.278 0.003  1.1988(34)
nnnlo_ratio_.ad Eq. (B2) 4 v/ X 1.335 0.104 118.798 0.002  1.2002(39)
nnnlo_ratio Eq. (B2) v/ v/ v/ 1.362 0.089 118.652 0.002  1.1985(34)
nnlo_ad Eq. (B1) / / X 1.353  0.094 118.638 0.002  1.2029(32)
nnlo Eq. (B1) / X X 1.375  0.083 118.561 0.002  1.2011(23)
nnlo_ratio.a4 Eq. (B2) v/ v/ X 1.444 0.055 117.446 0.001  1.2027(32)
nnlo_ratio Eq. (B2) v/ X X 1.463 0.049 117.398 0.001  1.2010(23)

Bayes average

1.1984(29)(17)

This work: 2605.06560 [hep-lat]
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Physical Point

 Chiral-conttinuum-1V fits for 16 models over all 30
ensembles.

% = 1.1984(23)*(07)Y*(1 H4(17)M[34 ]!

T
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™ ) o AG Cirigliano et. al Phys. Lett. B 700, 7-10 (2011),arXiv:1102.0563 11
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Physical Point - Strong Isospin Breaking

 Chiral-conttinuum-1V fits for 16 models over all 30
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2 oF g°, = — Z(b”k+ — ) +4Ls(Spr — Sg) + Z(fKo — Ck) PR
FK = 1.1984(23)*(07)*(17)4(17)M[34] ! e

' Fr- sFiso — _ L K0~ Sk [4(FK 1) + £ In <§> — & +§]
= 1.1962(34) r 6 ¢ — & F, TN\ &L ko
ﬂ mp . mp
statistical 0.19% . . ‘= St = Y
chiral 0.06% * 8FS, ~ NLO SU(3) ¢PT, 6F") replacing Ls with
continuum 0.14% Fi/F_1n the 1sospin hmat.
model 0.14% * Using the “Edinburgh Consensus”:
total 0.28%
0.5 X 6gy(p) = — 0.00216(54)
Fre
( ) = 1.1934(19)
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Extrapolation Results

 Chiral-conttinuum-1V fits for 16 models over all 30
ensembles. 1.200 -
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Extrapolation Results 2
5611\1 L0 = Asec% (éK o 571')

* Chiral-continuum-IV fits for 16 models over all 30
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Extrapolation Results m? [1 2 I4ZK1(mﬂL\fi\)]
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RE: Low-Energy Precision Physics
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Summary & Outlook

This Work — —— H—
ETM 2021 - —@— ——@
CalLat 2020 — ———— ——®
FNAL/MILC 2017 —— -
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| I

| | I |
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FLAG
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ETM 21: PRD 104 074520 HPQCD 14: PRD 88 074504
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Tx: _ 1 1962(34) s
F - Vud

T

= (0.23068(74)

-+

First implementation of 4-flavor Domain Wall fermions,
determining Fi/F, at 0.28%0 uncertainty.

Results overlap within ~ 1o for the most recent
determinations and with FLLAG.

Currently generating other ensembles at the physical
pomnt — further reduce FLLAG uncertamty:.

Exploring meson matrix elements and baryons.

» V  lmited by £, (0), a single calculaion dominates the

four flavor FLLAG average.

Vis! Vg = 0.23108(23) . ,(42) 1 (16)15[5 1 ] g1

Viis = 0.22330(35)¢xp(39) 1 (8)18[93 ] ot



Towards the Charm Sector
Fp. /Fp

32/32) all ensembles

(
(

27/32) strange mistuning

H27/32) charm mistuning

27/32) both terms

16/32) wy, a < 0.12 fm

11/32) wy, a < 0.10 fm

(
(
(16/32) ty, a < 0.12 fm
(
(

1.17

118

11/32) wg,no charm term a < 0.10 fm

2 new ensembles - a06m228, al0m2471
Explormg fits based on HMyP' 1.

Checking outliers i data.

Choosing how to parameterize charm dependence:

o 5= A&, — DT

What’s the impact without coarsest ensembles?

Stay tuned!
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Extrapolation Analysis

4 )
. o 2
* We use a Bayesian framework to perform a nonlinear m; - a
fitting strategy. 5 — m_L €, —
" @nF)p 2
. | | (47F ) Wo
* Agnostic, data-driven approach to determine the model \C )
that best represents the data.
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Extrapolation Analysis

4 )
* We use a Bayesian framework to perform a nonlinear m; -
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Extrapolation Analysis
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* We use a Bayesian framework to perform a nonlnear m; - a
fitting strategy. 5 T — > mﬂL €, —
* Agnostic, data-driven approach to determine the model
that best represents the data.
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RE: Low-Energy Precision Physics
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