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RIFIRIF HREL (Standard Model)
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EF6B§E (QCD)
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f£=QCD

1973, K. G. Wilson
* 1979, M. Creutz
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[Wilson, Phys. Rev. D 10, 2445]
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Science 2008, BMW MILC, PACS-CS,BMW,RBC-UKQCD......,arXiv:1203.1204

ST MR, JRTER, BTRERRE, ..
WWERBSHNEREL. THHRE, BREEEH, .
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ZYNIESLQCD

« LQCD can calculate form factors
and meson decay constants
appearing in weak decays of
hadrons

« Combined with experiments, they
can give us CKM matrix elements

« Test the SM (is CKM unitary?)

« Or use from elsewhere to

compare QCD/SM results with
experiments

Cabibbo-Kobayashi-Maskawa(CKM)%E [

Vud Vus Vub
T—f¢v K—/lv B—axlv
K — mwlv

B; — B; B, < B )
4 WECKMAEREE  BWTEHLQDAH )
S il 2z
a(@s GE|Vq, g, 17 g
e NP o) = HVanllgdy o My
courtesy arXiv:2103.00908 \_ M5 )
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|~ | = , =
(0]g(0)v*¢'(0)|V (p, \)) = fvimvel
/ (. 26ev) (O (q—m)a””q’(m) WV V) = GL) " — p)

(FEKERERALEE O

Gl% 242 a43 m% . mfg
. F(Dj:—»fu) :E‘V”‘ fpﬁMD: | _M_Z* 1+2M2*
Determine CKM elements D; D;

Br= . . X -
not easy to be measured r [HPQCD, PRL 112, 212002 (2014)]

« Leptonic decay branching ratios are small; - reported by
BESIII (PRL131.141802(2023))
Test the accuracy of Heavy Quark Effective Theory: /7 = + /
/ for and are inputs for LCSR in calculations of - form
factors at low
Input parameters for QCD factorization in studies of nonleptonic B
decays, e.g., -
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- BIiERNFEEEHRILQCDIHHERECSIXRI1%KES, Fiil
* *%ﬁ? Eﬁ%&ﬂgrl-%*ﬁijEz [22] chiQCD, 1410.3343, PRD92.034517.2015
Collaboration Ref. N¢ g & T W &< /b ID.
YQCD 14 22] 241 A 5 o o 254(2)(4)
FAG2021  fp fb, /
° - + .
our average for Ne=2+1+1
T FNAL/MILC 17 = , . MeV
T FNAL/MILC 14A
i %j it % - MeY
= FNAL/MILC 13
FNAL/MILC 12B o — + +
;);::aszecr;ge for Ne=2+1 / — . . MeV
7 )F(zg((::/Dui?co 17 _ |  MeV
" HPQCD 12A
z FNAL/MILC 11
o = HiPaes 108  PDG2016 (CPC40):
FNAUMILC 05 = += . . MeV
our average for N¢=
. gﬁ;g;g?rlagnam'an 19 - MREREXLRE ZH—H
I TWQCD 14
: UL*H e - PDG2020 [PTEP2020.083C01]:
— T ETM 11A
—H— ETM 09 | | = MeV
180 200 220 240 230 250 270 MeV | 1= . . MeV

FLAG Review 2021, [arXiv:2111.09849]
2024-5-30 X1 B BESIIIZEER : = L . MeV [PRL127.171801.2021] 13



BIrRNFRERH

[480] chiQCD, Y. Chen, ..., ZL et al., CPC 45, 023109 (2021)

Collaboration Ref. N¢ Q? SEFTS &F fp fp. fo./fp _ fm
xQCD 20ATT [480] 241 AN * % v 213(5) 249(7) 1.16(3)
FAG2021  fp fo, / - BEETERENF . MR HEEEH

; rmeny ©ooo - fm ETRIEEREEX
: o et i / ZIRVE, TREE etal., to appear
z FNAL/MI

FN

A/;);rcasze;aAQe for N,=2+1 /
% saag Balasubramamian and Blossier, Eur. Phys. J. C 80 (2020)
I HPQCD 12A
g . saumch - / 412 [1912.09937], WiIN— MR, EFH2018FERSER
H HPQCD 10A
L FNAUMICOS = /

our average for Ny=2 /

Balasubramamian 19
o~ Blossier 18
(| b B . + 20214 ZERIERQCDIHE

== aipn
180 200 220 240 230 250 270 Me A. Bussone et al. (Alpha Collab.), 2309.14154
. Wilson fermion
S. Kuberski et al. (RQCD & Alpha), 2405.04506 . MeV
2+1 5K, improved Wilson fermion _ ' ' ' MeV
= : . MeV / o '
= : MeV
BESIIZ R EE: = L . MeV [PRL127.171801.2021]
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I N N

/MeV 234(3)(5) 274(5)(5) 241(9)(2)
/ 0.91(3)(2) 0.92(3)(2)

Y. Chen, ..., ZL et al., Chin. Phys. C45, no.4 (2021), arXiv:2008.05208

First LQCD results for /

« Dominant errors from Z-factors (~3%)
and finite (~2%)

e IECEEREE
F. He, ..., ZL et al., 2204.09246, PRD106.114506
Y. Bj, ..., ZL et al., 2302.01659, PRD108.054506

X RE
5(2 GeV)=1.009 16 1.6%
5(2GeV)= 1157 11 1.0%

%

(2014%E: 2.3%)
(20184: 2.9%)

<
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Heavy quark symmetry breaking (~10%)
/ = + /
/  =1.10(2)(2)
/  =1.10(3)(2)

SU(3) flavor symmetry breaking (~17%)

ETMC "12 —— -
2—flavor

= Blogsier et al. '18
e—flavor

<  HPQCD ‘14

2+1—flavor
% = xQCD '20
24+ 1—flavor
—&— = ETMC 1%
2+1+1—flavor
= I BESIIT '23
| | | | NI | | | | | 1 | | |
=200 300 400
o1 fpe/MeV O: fpe/MeV

BESIII * - * RYEA
MELEE[2304.12159, PRL] 15



BRFIEHE:
TR
BERE:

MERE:

1/a (GeV) Label amj/ams  Volume  Ngone X Ngpe
sz TR etal, to appear 2.383(9) 004 0.004/0.03 323 x64 628 x1
f006  0.006/0.03 323 x 64 42 x 16
f008  0.008/0.03 32% x 64 49 x 16
RBC-UKQCD, 2+1BRAZR
overlap (&%) + domain wall (JEE71)
X 5, ~. fm, - fm
= / . / . ’ = , 360, 412 MeV)
, = . ¢ = ..,  MeV) 101
= , , , , ;o (61
= , , , (41
/0 = - S WEEREFET S
0.790f ' '
" + A, o+ 0.785H
A, =, - %0.780-i+
= 0775 H:,;lmH e
B ! S 0.770 “‘!“HHTHHHT
0.765}
0.760} , ; , ,
15 20 25 30
t
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Q T ¥
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0.75} . _ _ R 0.810F, . : ;
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0.115}
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1 ]III LR S S S
S I ]I :{I <= 0.105f ]
T oq0sf ;s LS
II 1 0.100}
0.100} BLB3SE
. : . : . 0.090}. : : :
2010 -0.05 000 005 010 0.00 0.01 0.02 0.03
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At Ui) T AR HPQCD, PRL 112, 212002 (2014)  <«———> J

26;4(1/}1 5 Dy D:
2D} VIDLP)) = e eV () :
0
. 4|q)’ V,(0) —2V.(0)]? ‘ s
(D=0 = ORI, M) 9 L SREBEK
= . keV

H - X HEsZI{E94.2(7)%  BABAR, PRD72.091101(2005)
Sl BIEE: 0070 28 keV

G mz ) m2
e V. 2f2 M3, 1 £
or=a = g Vel i (1 =37 ) (14 5

MeV mmmm) o= X 7 kevEmmE)Br= ., . X ~

. OXERNE, FEERER| | UELRERH
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PRAIR3E

#=rs et al., arXiv:2401.13475 (PRD109.074511)

. 2Veir(q?)
(Ds(p)|J;™(0)|D5 ,(P')) = m%mﬁpapk
4 a(ém)?
I'(D? D )=-
051 | 2 Fapao
¥ C24P29
041 | T Vg0

-0.2 -0.15 -0.1 -0.05 0

‘12/7”33:
q* q*
Verr(q?) = do + d, o +d, g + O(C]6/m?);)
Dg Dy

2024-5-30 XIJHH &

Ensemble C24P29 C32P30 C48P32
a(fm) 0.10530(18) 0.07746(18) 0.05187(26)
aj, —0.2400 —0.2050 —0.1700
ap, 0.4479 0.2079 0.0581
L3xT 243 x 72 323 x 96 483 x 144
Negg X Noge 450 x 72 377 x 96 306 x 72
m,(MeV) 292.7(1.2) 303.2(1.3) 317.2(0.9)
my (MeV) 3098.6(0.3) 3094.9(0.4) 3096.5(0.3)
CLQCD, 2+1BRAZ
¥ This work -
05 - I HPQCD '
04-
=
_,: ¥
= 0.3
¥
0.2 .L. ( Veff(O) — 0178(9)
0 2 4 B 8 1ID 12
a* [fm?] «1073
T(D: — yD,) = 0.0549(54) keV
19



T AR AR
['(D} - yD,) = 0.0549(54) keV
432 eI S2 56 {E 93.5(7)% PDG

—

HPQCDEH B 5EE: 0.070 28 keV
PLA% Br( )= X
(PRL112, 212002 (2014))

—

} MEREE:. 0.0587 54 keV
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BESINRE * - * S HAIEMISER:
[2304.12159, PRL131.141802(2023)]

- BESHI + HPQCD
| 1=

e BESIII + this work
| |=

(=K et al., to appear) + (this work)

MeV mmmm)
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_ @ (4P| Verl)P (| _4mi\E (|, 2mg 521 TNy
3z q* | Ve (0) q* q* 6.11 f._
2 2 dmt.a? T3 s 6 «w
" [(1 +%> 73 Dsqz 2] = 3
58¢F
PDG: - . % 57+t
(3
56
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2rp 2
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https://indico.ihep.ac.cn/event/22108/
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