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Outline
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PACS10 project since 2016
PACS10 configuration

L3 · T 1284 1604 2564

L [fm] 10.9 10.2 ∼10
a [fm] 0.08 0.06 0.04

mπ [GeV] 0.135 0.138 ∼0.135
mK [GeV] 0.497 0.505 ∼0.497
Machine OFP OFP OFP→Fugaku
Node 512 512 2048→16384

OFP: Oakforest-PACS (KNL machine)
PACS10 configuration

Nf = 2+1 nonperturbatively O(a) improved Wilson clover quark action
with 6-stout smeared link + Iwasaki gauge action

same actions as HPCI Field 5 project using K computer [PoS LATTICE2015 (2016) 075]

a−1 determined from Ξ baryon mass

Fugaku co-design outcome:
QCD Wide SIMD (QWS) Library for Fugaku [Ishikawa et al.:CPC(2023)]

3



PACS10 project since 2016
PACS10 configuration

L3 · T 1284 1604 2564 644

L [fm] 10.9 10.2 ∼10 5.5
a [fm] 0.08 0.06 0.04 0.08

mπ [GeV] 0.135 0.138 ∼0.135 0.138
mK [GeV] 0.497 0.505 ∼0.497 0.498
Machine OFP OFP OFP→Fugaku OFP
Node 512 512 2048→16384 128

OFP: Oakforest-PACS (KNL machine)
PACS10 configuration

Nf = 2+1 nonperturbatively O(a) improved Wilson clover quark action
with 6-stout smeared link + Iwasaki gauge action

Removing main systematic uncertainties in Nf = 2+ 1 lattice QCD
• chiral extrapolation

• finite volume effect

Coarsest lattice spacing: finite volume study using 1284 and 644

• finite lattice spacing effect
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Results of PACS10 project

precise determination of physical quantity from lattice QCD

I. quantitatively understand property of hadrons
reproduce experimental values in high accuracy

– Hadron spectrum
– Nucleon form factor Sasaki

– Light meson electromagnetic form factor

II. search for new physics beyond the standard model
discrepancy between theoretical calculation and experiment

– Nucleon charge Tsuji

– Proton decay matrix element
– Hadron vacuum polarization
– Kaon semileptonic decay form factor
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Finite volume study of mπ [PACS:PRD99(2019)]

Comparison with 1284 (10.8 fm)4 and 644 (5.5 fm)4

Effective mπ

III. NUMERICAL RESULTS

A. Finite size effect at the fixed hopping parameters

We first compare the results on 644 and 1284 lattices
at the same hopping parameters ðκud; κsÞ ¼ ð0.126117;
0.124902Þ. Figure 2 shows the effective masses for the
PS mesons. We observe that the effective π meson mass on
the 644 lattice is clearly heavier than that on the 1284 lattice
beyond the error bars. On the other hand, the effective mass
for the K meson shows little finite size effect. In Table I, we
summarize the fit results for the PS meson masses mπ;K ,
choosing the fit range of ½tmin; tmax% ¼ ½17; 60% and [20, 60]
for π and K mesons, respectively, on the 1284 lattice and
½tmin; tmax% ¼ ½17; 30% and [20, 30] on the 644 lattice. The
deviation in the π meson channel is found to be 2.1(8)%.
We also list the AWI quark massesmud;s in Table II. The ud
quark mass on the 644 lattice is heavier than that on the
1284 lattice by 4.8(1.6)%, in accordance with the finite size
effect found for mπ. Essentially, what makes the π meson
mass heavier on 644 lattice is the increment of the ud quark
mass, which is caused by the shift of the critical kappa κc

due to the finite size effect. For the decay constants, we plot
the results on 644 and 1284 lattices in Fig. 3, which are
obtained by the method explained in Sec. II C. Their
numerical values are presented in Table III. The small
[0.36(31)%] finite size effect is observed in the π meson
channel, though it is hardly detected in the K meson
channel. It should be noted that our results show an
expected feature from ChPT that the finite size effect
makes the values of the decay constants smaller as the
spatial volume decreases.

B. Finite size effect at the fixed AWI quark masses

Let us turn to the analysis with the fixed AWI quark
masses. In the previous section, we have found that the
AWI quark masses on 644 and 1284 lattices show deviation
by 4.8(1.6)%. We adjusted the AWI quark masses on the
644 lattice to those on the 1284 lattice with the use of the
reweighting technique explained in Sec. II B. The target
hopping parameter is ðκ&ud; κ&s Þ ¼ ð0.126119; 0.124902Þ,
which is obtained by a tiny shift of ðΔκ&ud;Δκ&s Þ ¼
ðþ0.000002;(0Þ from the simulation point. We choose
Nud

B ¼ 4 for the number of the determinant breakup and
introduce 12 sets of noise vectors for each determinant
breakup. Figure 4 shows the configuration dependence
of the reweighting factor from ðκud; κsÞ ¼ ð0.126117;
0.124902Þ to ðκ&ud;κ&s Þ¼ð0.126119; 0.124902Þ, which is
normalized by the configuration average. The fluctuations
are less than 60% around the average. In Fig. 5, we plot the
reweighting factor as a function of the stout-smeared
plaquette value on each configuration. We observe that
the reweighting factor takes larger values as the plaquette
value increases. This is an expected correlation, due to
which the reweighted plaquette value at ðκ&ud; κ&s Þ ¼
ð0.126119; 0.124902Þ should be larger than the original
one at ðκud; κsÞ ¼ ð0.126117; 0.124902Þ. Figure 6 tells us
how many noise vectors are necessary to make the
reweighted values converge. We observe that the values
of mud, mπ , and fπ with the error bars show little Nη
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FIG. 2. Comparison of the effective masses for π (top) and K
(bottom) mesons on 644 and 1284 lattices.

TABLE I. Fit results for the PS meson masses.

Lattice size mπ mK

1284 0.058431(275) 0.214677(083)
644 (original) 0.059647(349) 0.214813(110)
644 (reweighted) 0.058311(376) 0.214586(114)

TABLE II. Results for the AWI quark masses.

Lattice size mud ms ms=mud

1284 0.001366(14) 0.037 983(06) 27.80(29)
644 (original) 0.001432(17) 0.038006(09) 26.54(31)
644 (reweighted) 0.001367(18) 0.037998(10) 27.79(37)

K.-I. ISHIKAWA et al. PHYS. REV. D 99, 014504 (2019)

014504-4
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m
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fixed κud: 1284 and 644 (original)
mπ on 644 (original) is 3 MeV larger than 1284

similar behavior in mAWI
ud

fixed mAWI
ud : 1284 and 644 (reweighted)

discrepancy disappears

→ discrepancy not physical finite V effect, but due to shift of κc
less than 0.7(3)% finite V effect in mH and fH [PACS:PRD99(2019);PRD100(2019)]
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Ratio of decay constants [Preliminary result]
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3rd PACS10 configuration is importand for a→ 0 extrapolation

Preliminary result: Central value and statistical error from 1604

systematic error from difference between 1604 and 1284

6



Hadron vacuum polarization [PACS:PRD98(2018);PRD100(2019)]

ΔFV ¼ ½ahvpμ ðrcutÞ%lL=a¼128 − ½ahvpμ ðrcutÞ%lL=a¼64; ð21Þ

which shows that the magnitude is larger than the leading-
order ChPT, having the same sign as the ChPT prediction
[19]. In this figure, we also make a comparison using the
result for the 644 lattice. One can see that in the IR regime,
larger than rcut ¼ 2.3 fm, the BPS effect may be involved
in FV correction as an enlarged ahvpμ effect on 644, and it
then turns out to be additional systematic uncertainty. Use
of the extended temporal direction as 643 × 128 thus plays
an important role to avoid such a BPS effect from FV
correction. In order to clarify the discrepancy, we plot the
ratio of the FVeffect between LQCD and ChPT at each rcut
in the right panel of Fig. 4. One can observe that the LQCD
data tend to become larger than the ChPT prediction from

r ≈ 1 fm, and this tendency does not change even if rcut
increases, though the statistical error becomes larger.
The discrepancy of FV effect between LQCD and ChPT

in the light quark sector is estimated as

Δlat
FV=ΔChPT

FV

¼
!
2.16ð66Þ ½at rcut ≃ 2.0 fm on 644 lattice%;
1.74ð71Þ ½at rcut ≃ 2.6 fm on 643 × 128 lattice%;

ð22Þ

on L ¼ 5.4 fm at the physical pion mass. Comparing
T=a ¼ 64 and 128, as one can also see in Fig. 4, even
at r ≃ 2 fm, there is a significant contribution of BPS
regarded as an additional FV effect. Our result in Eq. (22)
indicates that the actual FVeffect tends to be larger than the
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FIG. 3. Comparison of CLLðrÞWrðrÞ in Eq. (18) between different spatial volumes with L=a ¼ 128 and 64 in the light quark sector.
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FIG. 4. (Left panel) Difference of ahvpμ ðrcutÞ on the 1284, 644, and 643 × 128 lattices in the light quark sector. The hopping parameters
are the same on both lattices. The solid (dashed) curve denotes the leading order of the ChPT prediction for the FV effect between
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HADRONIC VACUUM POLARIZATION CONTRIBUTION TO … PHYS. REV. D 100, 034517 (2019)

034517-7

the total error. The contributions from the strange and
charm quark sectors are minor effects.
Here we make two remarks:
(1) Our choice of rcut ≈ 3.5 fm in the coordinate-space

integration scheme, which is larger than the 3 fm
value employed in Refs. [16,17], is large enough to
control the IR truncation. In Figs. 6 and 8, we
observe that the integrand has a nonzero value of
23ð10Þ × 10−10 at rcut ≈ 3 fm in the ðΓ;Γ0Þ ¼ ðL;LÞ
channel on the 1284 lattice, and the integral is still
increasing, while the integrand is consistent with
zero at rcut ≈ 3.5 fm, and the integral does not
depend on rcut even if we use a larger rcut. High
precision data on a lattice larger than ð10 fmÞ4 at the
physical point allow us to evaluate the integral with
the IR truncation effect under control.

(2) The scaling properties presented in Sec. IVB are
similar to the domain-wall fermion case [17], though
the computational cost is much lower for Wilson-type
quark action. The continuum extrapolation is straight-
forward and theoretically robust forWilson-type quark
action compared to the staggered fermion case [16,53].

In this paper, we concentrate on the connected HVP
diagram, while there are some missing diagrams of the

isoscalar contribution with the disconnected diagram and
the isospin breaking (IB) term due to the QED correction.
Referring to the recent work in Refs. [16,17], we con-
servatively add the systematic error of the quark discon-
nected diagram contribution as a −2% effect, and the
IB effect as a þ1% error to the total contribution. We then
find that

ahvpμ ¼ 737ð9Þð þ13
−18Þ × 10−10; ð26Þ

where the first error is statistical and the second one
represents the total systematic error obtained in the quad-
rature. The magnitude of the error is still 2.7%, in which the
systematic error, mainly due to the uncertainty of discon-
nected diagram, is more than 2 times larger than the
statistical one. Compared to other lattice results (Nf ≥ 3)
(see Fig. 14), our value is consistent with the results by the
RBC-UKQCD [17] and BMW [16] collaborations, while
we find slight tension with recent results of the ETMC [18]
and HPQCD [14] collaborations, and 2σ deviation from
the phenomenological estimates [10,11]. Our result seems
to favor the “experimental” ahvpμ , which is defined as the
difference between the BNL experimental value of aμ and
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FIG. 14. (Left panel) Summary plot of the connected ahvpμ in the light quark sector ½ahvpμ &l and (right panel) the full result of ahvpμ in
comparison with recent LQCD results (Nf ≥ 3) of the BMW [16], ETMC [18], HPQCD [14], and RBC-UKQCD [17] collaborations,
and phenomenological estimate obtained with the experimental R-ratio by DHMZ [10] and KNT [11]. The shaded vertical band shows
the experimental ahvpμ estimated as the difference between the BNL experimental value of aμ and the theoretical value with QED and EW,
including the light-by-light scattering contribution. The error bar for ½ahvpμ &l in this work represents the combined error with the statistical
one and the systematic one due to the cutoff effect. Additional uncertainties of the missing disconnected diagram and the IB effect are
included in the error bar of ahvpμ in this work.

HADRONIC VACUUM POLARIZATION CONTRIBUTION TO … PHYS. REV. D 100, 034517 (2019)

034517-13

rcut: cut of coordinate space summation

About twice larger finite volume effect than NLO ChPT
comparing between 1284 and 644

Linear continuum extrapolation using 1284 and 1604 w/o disconnected, IB effect

comparable with other groups and consistent with experiment
also consistent with BNL+FNAL result [Snowmass 2021:arXiv:2203.15810]
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Electromagnetic meson form factors [Preliminary result]
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Pion and kaon charge radii [Preliminary result]

Charge radius F (q2) = 1−
1
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Kaon semileptonic (K#3) decay form factor



Introduction

|Vus|: ∼>2σ discrepancy between experiment and standard model
→ a candidate of BSM signal

Most accurate |Vus| from K#3 decay
[FNAL/MILC19]

∼ 2σ from SM (gray band)

using CKM unitarity |Vus| ≈
√

1− |Vud|2

∼ 5σ from SM w/ new |Vud| (cyan band)

[Seng et al.:PRL121,241804(2018)]

∼ 2σ from K#2 (green star)
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Introduction

|Vus|: ∼>2σ discrepancy between experiment and standard model
→ a candidate of BSM signal

Most accurate |Vus| from K#3 decay
[FNAL/MILC19]

using CKM unitarity |Vus| ≈
√

1− |Vud|2

∼ 5σ from SM w/ new |Vud| (cyan band)

[Seng et al.:PRL121(2018)]

∼ 3σ from SM w/ recent |Vud| (gray

band) [Hardy and Towner et al.:PRC102(2020)]
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K#3 form factors with PACS10 configurations [PACS20,21]

L = 10.9[fm] at physical point
Negligible finite L effect, tiny q2 region, without chiral extrapolation
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Simulation parameters [PACS:PRD101(2020);PRD106(2022)]

PACS10 configurations: L∼>10[fm] at physical point

β L3 · T L[fm] a[fm] a−1[GeV] Mπ[MeV] MK[MeV] Nconf
1.82 1284 10.9 0.085 2.3162 135 497 20
2.00 1604 10.2 0.063 3.1108 138 505 20

Parameters for K#3 form factors f+(q2) and f0(q2)

β source tsep[fm] current
1.82 R-local 3.1, 3.6, 4.1 local, conserved
2.00 R-local 3.2, 3.7, 4.1 local, conserved

R-smear 2.3, 2.7, 3.1, 3.5 local, conserved
R-local: Z(2)× Z(2) random source spread in spatial volume, spin, color spaces

[RBC-UKQCD:JHEP07,112(2008)]
R-smear: R-local + exponential smearing

Combined analysis with two source data at β = 2.00

Matrix element from tsep dependence

Two vector currents at each β
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K#3 form factors f+(q2) and f0(q2)

K#3 form factors f+(q2), f0(q2)

〈π(p)|Vµ|K(0)〉 = (pK + pπ)µf+(q2) + (pK − pπ)µf−(q2)

f0(q
2) = f+(q2)−

q2

M2
K −M2

π
f−(q2) pK = (MK, 0), pπ = (Eπ, &p)

q2 = −(MK − Eπ)2 + p2

q2 → 0 interpolation + a→ 0 extrapolation for f+(q2), f0(q2)
with two current data at two a

Physical quantities from f+(q2), f0(q2)

1. f+(0) (= f0(0)) → |Vus| |Vus|f+(0) = 0.21654(41) [Moulson:PoS(CKM2016)]

2. slope and curvature

λ(n)
+ =

M2n
π−

f+(0)

dnf+(0)

d(−q2)n
, λ(n)

0 =
M2n

π−

f+(0)

dnf0(0)

d(−q2)n

3. Phase space integral
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f+(q2) and f0(q2) at two lattice spacings

f+(q2) f0(q2)
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f+(q2) and f0(q2) at two lattice spacings
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q2 interpolation + a→ 0 extrapolation
Fit based on SU(3) NLO ChPT with f+(0) = f0(0) [PACS:PRD106(2022)]

f+(q2) = 1−
4

F 2
0

L9(µ)q2 +K+(q2,M2
π ,M

2
K, F0, µ) + c0 + c+2 q4 + gcur+ (a, q2)

f0(q2) = 1−
8

F 2
0

L5(µ)q2 +K0(q2,M2
π ,M

2
K, F0, µ) + c0 + c02q

4 + gcur0 (a, q2)

K+,K0: known functions [’85 Gasser, Leutwyler]

gcur+,0 =
∑

n,m ecur,nm+,0 anq2m, cur = local, conserved: 3 types (fit A,B,C) investigated

free parameters: L5(µ), L9(µ), c0, c
+
2 , c02 + ecur,nm+,0

fixed parameters: µ = 0.77 GeV, F0 = 0.11205 GeV

F0 estimated from FLAG FSU(2)/F0 w/ FSU(2) = 0.129 GeV

-0.1 -0.05 0 0.05

q
2
 [GeV

2
]

0.90

0.95

1.00

1.05

1.10

local a=0.063 [fm]
local a=0.085 [fm]
conserved a=0.063 [fm]
conserved a=0.085 [fm]

f
+
(q

2
)

fit A

-0.1 -0.05 0 0.05

q
2
 [GeV

2
]

0.90

0.95

1.00

1.05

1.10

local a=0.063 [fm]
local a=0.085 [fm]
conserved a=0.063 [fm]
conserved a=0.085 [fm]

f
0
(q

2
)

fit A

Simultaneous fit for (f+, f0) with (local,conserved) works well.
Tiny extrapolation to physical Mπ− and MK0 using same formulas
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q2 interpolation + a→ 0 extrapolation
Fit based on SU(3) NLO ChPT with f+(0) = f0(0) [PACS:PRD106(2022)]

f+(q2) = 1−
4

F 2
0

L9(µ)q2 +K+(q2,M2
π ,M

2
K, F0, µ) + c0 + c+2 q4 + gcur+ (a, q2)

f0(q2) = 1−
8

F 2
0

L5(µ)q2 +K0(q2,M2
π ,M

2
K, F0, µ) + c0 + c02q

4 + gcur0 (a, q2)

gcur+,0 =
∑

n,m ecur,nm+,0 anq2m, cur = local, conserved: 3 types (fit A,B,C) investigated

-0.1 -0.05 0 0.05

q
2
 [GeV

2
]

0.90

0.95

1.00

1.05

1.10

1.15

f
+
(q

2
)

f
0
(q

2
)

fit A

continuum limit

0.955 0.960 0.965 0.970
f
+
(0)

fit A

fit B

fit C

monopole

quadratic

z-expansion

A2

smeared

local

narrow q
2

only f
+
(q

2
)

only f
0
(q

2
)

a→0 fit form

q
2
→0 fit form

data set

w/ fit A

w/ NLO ChPT, fit A

f+(0) = 0.9615(10)(+47
−2)(5)

uncertainty: 1st statistical, 2nd fit form + data, 3rd isospin breaking w/ NLO ChPT
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Continuum extrapolation at q2 = 0

0 0.02 0.04 0.06 0.08 0.1
a [fm]

0.955

0.960

0.965

0.970

0.975

local
conserved
fit A
fit B

f
+
(0)

local current: almost flat
conserved current: clear a dependence

Similar trend seen in HVP calculation [’19 PACS]

fit form local conserved
fit A C0 C0 + C′1a
fit B C0 + C2a

2 C0 + C′2a
2

→ large systematic error from a→ 0 fit form
Smaller a data will improve a→ 0 extrapolation.
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f+(0) and |Vus|

0.940 0.950 0.960 0.970 0.980
f
+
(0)

FNAL/MILC19

ETM16

FNAL/MILC14

This work

PACS20

JLQCD17

RBC-UKQCD15

FNAL/MILC13

RBC-UKQCD13

RBC-UKQCD08

ETM09

Dawson et al.06

N
f
=2+1+1

N
f
=2+1

N
f
=2

0.221 0.222 0.223 0.224 0.225 0.226 0.227 0.228 0.229 0.230
|V

us
|

FNAL/MILC19

ETM16

This work

PACS20

JLQCD17

RBC-UKQCD15

FNAL/MILC13

PACS N
f
=2+1

PDG21

K
l3
 N

f
=2+1+1

K
l3
 N

f
=2+1

K
l2

inner, outer = statistical, total(stat.+sys.) inner, outer = lattice, total(lat.+exp.)
Standard model cyan band: [’18 Seng et al.]; grey band: [’20 Hardy, Towner]

f+(0): Reasonably agree with previous lattice calculations ∼< 2σ

|Vus| using |Vus|f+(0) = 0.21654(41) [’17 Moulson]

agree with |Vus| from K#2 using fK/fπ

2 ∼ 3σ difference from CKM unitarity (grey and cyan bands)

Future work: a→ 0 extrapolation with 3rd PACS10 configuration
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Shape of f+(q2), f0(q2) at q2 = 0 λ(n)
+,0 =

M2n
π−

f+(0)

dnf+,0(0)

d(−q2)n
slope curvature

0 0.02 0.04 0.06 0.08 0.1
a [fm]

0.023

0.024

0.025

0.026

0.027

local
conserved
fit A
fit B
fit C

λ
+
’

0 0.02 0.04 0.06 0.08 0.1
a [fm]

0.0008

0.0012

0.0016

0.0020
local
conserved
fit A
fit B
fit C

λ
+
’’

0 0.02 0.04 0.06 0.08 0.1
a [fm]

0.012

0.014

0.016

0.018
local
conserved
fit A
fit B
fit C

λ
0
’

0 0.02 0.04 0.06 0.08 0.1
a [fm]

0.0004

0.0008

0.0012

local
conserved
fit A
fit B
fit C

λ
0
’’

local and conserved data degenerate at each a, except for λ′+
→ large dependence on choice of gcur+,0

Smaller a data will improve a→ 0 extrapolation.
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Shape of f+(q2), f0(q2) at q2 = 0

slope curvature

λ′+,0 =
M2

π−

f+(0)

df+,0(q2)

d(−q2)
λ′′+,0 =

M4
π−

f+(0)

d2f+,0(q2)

d(−q2)2

0.015 0.020 0.025 0.030

λ
+
’

0.010 0.015 0.020 0.025

λ
0
’

This work N
f
=2+1

PACS20 N
f
=2+1

JLQCD N
f
=2+1

ETM N
f
=2+1+1

ETM N
f
=2

0.001 0.002
λ

+
’’

0.0005 0.0010 0.0015
λ

0
’’

This work N
f
=2+1

PACS20 N
f
=2+1

Dispersive

Large uncertainty from fit form of a→ 0
Comparable with experiment (grey band), dispersive representation,

[’10 Antonelli et al.; ’17 Moulson; ’09 Bernard et al.]

and also previous lattice calculations [’09, ’16 ETM; ’17 JLQCD, ’20 PACS]
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Phase space integral I#K
ΓK#3

= CK#3
(|Vus|f+(0))2I#K ΓK#3

: decay width, CK#3
: known factor, # = e, µ

|Vus|f+(0) = 0.21654(41) [’17 Moulson]

← I#K from dispersive representation of experimental F+,0(t)

I#K =

∫ (MK−Mπ)2

m2
#

dt
(
J+(t)F2

+(t) + J0(t)F
2
0(t)

)
, F+,0(t) =

f+,0(−t)
f+(0)

J+,0(t): known function [’84 Leutwyler, Roos]

-0.1 -0.05 0 0.05

q
2
 [GeV

2
]

0.90

0.95

1.00

1.05

1.10

1.15

f
+
(q

2
)

f
0
(q

2
)

fit A

continuum limit

integral range

0.100 0.102 0.104 0.106 0.152 0.154 0.156 0.158 0.160

This work
experiment

I
µ

K
0

I
µ

K
+

I
e

K
0

I
e

K
+

inner: stat. error; outer: (stat.+sys.) error

Reasonably agree with experimental values [’10 Antonelli et al.]

Large uncertainty from fit form of a→ 0
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|Vus| using I#K

|Vus| =

√√√√ ΓK#3

CK#3
(f+(0))2I#K

Two parts calculated from lattice QCD
ΓK#3

, CK#3
[’10 Antonelli et al., ’18 Seng et al., ’20 Seng et al.]

0.215 0.220 0.225 0.230
|V

us
|

K
L
e

K
S
e

K
+
e

K
L
µ

K
S
µ

K
+
µ

average

0.221 0.222 0.223 0.224 0.225 0.226 0.227 0.228 0.229 0.230
|V

us
|

FNAL/MILC19

ETM16

This work

This work (I
l

K
)

PACS20

JLQCD17

RBC-UKQCD15

FNAL/MILC13

PACS N
f
=2+1

PDG20

K
l3
 N

f
=2+1+1

K
l3
 N

f
=2+1

K
l2

inner: lattice error, outer: (lat.+exp.) error

Weighted average of 6 decay processes using experimental errors

Good agreement with |Vus| using only f+(0)

20



Summary

PACS10 Project
calculation w/o three main systematic uncertainties in lattice QCD

PACS10 configuraiton:
V∼>(10fm)4 in physical point at three lattice spacings

various calculations w/ 2 lattice spacings
– Hadron spectrum
– Nucleon charge and form factor
– Light meson electromagnetic form factor
– Proton decay matrix element
– Hadron vacuum polarization
– Kaon semileptonic decay form factor

Future works

Calculations with 3rd PACS10 configuration
more reliable a→ 0 extrapolations
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