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Standard Model parameters
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Renormalized quark masses

Nonperturbative renormalization

Chiral Fermion

Gor(pr,ps) = Y e U P (4 () [(0)Iw(0)]P(y))
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mE = Z,, (™ = mye,) S(p) =) 7" (wy(2)9,(0))

5
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Light quark

NLO partially quenched xPT
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Hu et al., 2024, Phys. Rev. D
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Light quark

Alexandrou et al., 2021, Phys. Rev. D

m,: sea quark mass, m,: valence quark mass
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determine m,, and mg4 with
phys  phys  phys  phys) _
mg (md , My Mg Mg ) = MKO QCD>
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v tmg o =2m; .
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Kaon mass in pure QCD
L Giusti et al., 2017, Phys. Rev. D
mbo” — Aqepmio = 497.44(02) MeV,

MKO QCcD KO
Mt gop = mhes® = Aqupms = 491.44(15) MeV,

Hu et al., 2024, Phys. Rev. D
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CLQCD 23 CLQCD 26

myq [MeV]  3.60(11)(15) 3.51(08)(14)
m, [MeV]  2.45(22)(20) 2.320(86)"
mg [MeV]  4.74(11)(09) 4.700(86)"
me [MeV]  98.8(2.9)(4.7)  97.5(1.7)(4.1)
* CLQCD 26 m,, and mg are preliminary

Lin et al., 2026, Commun. Theor. Phys.

6/17



Strong isospin breaking M — mi P = Aqup mys + A m:

Feynman-Hellmann theorem
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blending method allows computation of local current New Now+Np

matrix element in the distillation framework = Z (75t ta )7 i (b ) Q2 (2, 1,))7°)

k,j=1 =1

ma — m, = [3.934(20) + (2.25(8) — 0.05(7))] /g5 MeV
= 2.379(60) MeV

Boccaletti et al., 2026, Nature

J
75(6,1) = NS (@, 152, )0 (1)

Peardon et al., 2009, Phys. Rev. D Hu et al., 2025, arXiv:2505.01719 717



Heavy quark

Du et al., 2025, Phys. Rev. D
Cai et al., 2026, arXiv:2603.01846
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me(me) = 1.2933(72)(95) GeV  my(my) = 4.185(37) GeV
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Comparison of quark mass

Aoki et al., 2026, FLAG 24, Phys. Rev. D
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Results from CLQCD are well consistent with FLAG average
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Comparison

of quark mass
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- :
Herman 4
e |
| e -
2| enaumiic 1 }
FLAG svrsse ¥
€LQCo 23 -
ApHA —1
REC/UKQcD 145 |
Rec/UKacD 12 4
Pacs.cs 12 — .1
| eont 1—
| e ion 108 |
|| RBC/UKQCD 10A e
= Blum 10 -
Pacs.cs 09 [
wiLC o 1
wiLc oo o
Pacs.cs -
Rec/uKaco os 4
MILC 04, HPQCD MILC/UKACD 04 1
o o 5 0 o

Ny=2+1

Aoki et al., 2026, FLAG 24, Phys. Rev. D

(7, [GeV|
FLAG average —
ETM21A —_—
HPQCD 20 e
HPQCD 18 ——
FNAL/MILC/TUMQCD 16—t
HPQCD 1A ——
ETM 1A —_—
ETM 14 P
FLAG average —-—
cLaco2s -
ALPHA 23 —
ALPHA 21 —
Peureczky 19 ——
Maezawa 16 —a
J1aco 16 ——
\Qc0 14 —_—
HPQCD 10 o
HPQCD 08B JE——
P0G —
o 3 152 136

Ny=2+1+1

Ny=2

(1) [GeV]

FLAG average —-—
HPQCD 21 ———
FNAL/MILC/TUM 18 —-—
Gambino 17
ETM 168 —_—
HPQCD 148 e
FLAG average ——
cLaco 2 —
Petreczky 19 —_—
Maczawa 16 —_—
HPQCD 138 ——
HPQCD 10 ——
06 —

108 16 121 52 X

Results from CLQCD are well consistent with FLAG average

It gives us confidence to pursue high precision calculations
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Leptonic decay

Heff o< GF' Vqlqg [(il’\/’u (1 - ’\/'5)(]2] [Z’Y,u, (1 - ’Y5)Véj|

Yy

leptonic decay of a pseudoscalar meson H

G my
= ly,) = —£ 22 e
I'(H - ty,) = 3 fameMpy (1 12{)

ifup” = Z400l@7" vsq21 H(p))

2
Viraal®

[Vio| = 3.82(24) x 107
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Ip|Vea| = 45.82(1.10) MeV 5 |Vip| = 0.77 £0.12 MeV
I, Ves| = 243.5(2.7) MeV

Aoki et al., 2026, FLAG 24, Phys. Rev. D
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f7r and fK
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Hu et al., 2024, Phys. Rev. D
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Heavy meson
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Du et al., 2025, Phys. Rev. D  Cai et al., 2026, arXiv:2603.01846

13/17



Semileptonic form factors

Heff o< GF q192 [(jlﬁy'//l, (l - H//5)(12] [Z’}/u (1 - 75)’/4]

Vy

For H — P/lv, the vector-current matrix element is
decomposed as

POV HG) = £.(6) [p“ e MH;QM%“}

+ fold® )—q , q=p-p.

* arXiv:2510.14478: D, — ¢ly, gives Vo = 0.952(12)ga¢(23)ppg and Vg = 0.945(12)5¢at(24)ppe for 1 and e
channels Fan et al., 2025, e-Print: 2510.14478
+ semi-leptonic decays of bottom meson, e.g. B — wv{, give more precise determination of V.

B — Duv/{ gives access to Vi

14/17



Comparison of CKM matrix elements

Aoki et al., 2026, FLAG, Phys. Rev. D
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PDG 22 nuclear beta decay

0.972

0.216 0.220

Results from CLQCD are well consistent with FLAG average




Comparison

of CKM matrix elements

Aoki et al., 2026, FLAG, Phys. Rev. D
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Results from CLQCD are well consistent with FLAG average
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Aoki et al., 2026, Phys. Rev. D

¢ Calculations from CLQCD ensembles are well consistent with FLAG average
. gg computed via the blending method enables a high-precision determination of mg — m,,
+ anisotropic clove action makes the calculation of bottom physics on CLQCD ensembles possible

outlook:

¢ QED corrections from CLQCD ensembles
¢ bottom meson form factors from anisotropic clover action

Lin et al., 2026, Commun. Theor. Phys. Hu et al., 2024, Phys. Rev. D Du et al., 2025, Phys. Rev. D Cai et al., 2026, arXiv:2603.01846
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conclusion:

THANKS
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