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v tdcc;l'\\‘\‘[(),
@ Lattice QCD (NNLO)
a DIS iL‘I\ (NLO)

> T—é:] 7]%.};“;@,]‘ ‘;)\';tl. . 71%.})% 9‘:-3(5?/)”'] %"L“? 7]%.;5}% «{ﬁﬂi/t?i‘ﬁ T;Q-X-j_ bt& a‘:E] 03} Hc.;x\-.\ (‘)u‘nv'knni;n (NLO)
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a,(SM)=a,(QED)+a,(Weak)+a,(Hadronic)
QED N 116584718.9(1)x10""  0.001 ppm
e
Weak
g oA 153.6(1.0)x107" 0.01 ppm
VA
ﬁladronic... \
..2.Vacuum Polarization (HVP) o 45(40)x101! 0.37 ppm
@ +... [0.6%]
...Light-by-Light (HLbL
et G 92(18)x10"  0.15 ppm
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* Charm Quark Physics: an 1deal place to test SM
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Second row:

10~% accuracy

Vcd
Ves
Vcb
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=0.221x0.004 4 (5 x)
= 0.987 + 0.011
= 0.0410 + 0.0014

Voq|? + |Vos|?+ |Vep|? = 1.025 + 0.022

High precision determination of the second row provide strong tests of CKM unitarity.
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-Predicted decay branching fractions: Zhang, Hua, et.al., 2103.07064

B (20— Z-e*v,) = 2.38(0.30)(0.32)(0.07) % * Statistical errors

* \ » Systematic errors from
=0 5 =yt ’
(‘“C = # ”") 2‘29(0'29)3(0'30 (0.06)% continuum extrapolation

0,+

) = 7.18(0.90)(0.96)(0.20) % « Systematic errors from
renormalization

B (a o 5o+ u,,) = 6.91(0.8740.91)(0.19) %

-Compare with PDG, experiment and theory: > (2.38 £0.44) %

PDG R (E)—> Ee'y,)=(18%£12)% v

Belle % (20— Ee*y,)=(172+010+0.12+£0500%
ALICE % (22— Eety,) =(243+025+035+£072)%
QCDSR & (B> Eety,)=B4x171% . _
Fitted well with al
LF QM .%’(E - B- e+1/()=(349+095)% v
data (within 1-0) !
LCSR R (20> Ee',)=024"°N%
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=From Belle measurements:
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Y. B. Li et al. [Belle], arXiv:2103.06496 [hep-ex].
& (20 > E-e*y,) = (1.72 £0.10 + 0.12 £(0.50)

From the uncertainty of 0 — Z 7"
% (22> By, ) = (L71£0.17 £0.13 % 0.50)

|V.,| = 0.834 % (0.051),,, + (0.056)

+ (0.127)
Syst P Theoretical uncertainties:
Theo. error ~ 8.9% Exp. error ~ 15.2%
» total ~ 8.9%
-From ALICE measurements: | ., pos icHEP2020 (2021) 524. » statistical ~ 6.1%
B (8 > B ety,) = (243 £0.25 £ 0.35 H0.72) % e
extrapolation ~ 6.5%
| Vo] = 0.983 £ (0.060),,, % (0.065), * (0.167),y, e )
Exp. eror~ 17.0% renormalization ~ 1.5%
-Compare with PDG result:

Experimental uncertainties:
|V..| =0.987 £0.011

* Belle ~ 15.2%
4V, | =0.939+0.038 D — K/

+ ALICE ~ 17.0%
EZHT, FAEEHEEREA T 2RRE
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D meson decay constants

Y. Chen et al., Chin. Phys. C45, no.4 (2021), arXiv:2008.05208
* fpe and their ratios (f, also computed)

(s)
(01g(0)y,¥sc(0)[P(P)) = if pPps =d,s

(0130 g’ (0) |V (1, A)) @ﬂveA

X
1/fv(MS, 2 GeV) (O <q<o>aw/q’<o>) ()IV (0. N = {FE () (ehp” — eXp™)

2+1-flavor
calculation

Determine CKM elements

Test the accuracy of HQET: fy/fps =1+ 0(1/my)

fv/fv for D* and D} are inputs for LCSR in calculations of B —» V form factors at low g>

Inputs for QCD factorization in studies of nonleptonic Bdecays, e.g., B > DM



T (II): D meson decay constants 12 /25
Results
fm/MeV 213(2)(4) 234(3)(5) 249(5)(5) 274(5)(5) 241(9)(2) |
fv/fv 0.91(3)(2) 0.92(3)(2) R
« fp agrees with FLAG2019 (2+1-flavor): 209.0(2.4) MeV T Raver
+ First lattice QCD results for £}, /fp:_ 2+1-flavor
- 7 A e
« Heavy quark symmetry breaking (~10%) | | |
« SU(3) flavor symmetry breaking (~17%) 08 350

BT, ESENBENRRE - EF1120RE
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* Charmonium radiative decays

40 ' '
©® EXP B PDGfit
. <l Nf=2,Twm(2012)
PDG-aver § This work Nf=2+1,HPQCD(2012) —_
30+ > Quench,Y.Chen(2016)
[0 4 O PDG(2021)
® I _ O This work(2021
g Q 8 § E g é g @ = is work( )
(] ?5 d <C < (@) [a] % (@] g
< 20+
£
S
= 1
T 10} T $ —
I N 15 G S PR
=
Or o
5 g 8 g2 2 g
_10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1985 1990 1995 2000 2005 2010 2015 2020 1.3 1.4 1.5 1.6 17 1.8 1.9 2 2.1 2.2

publication year
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- Dirac Pauli Electric dipole

¢ | (anom.magnetic)
0.030 5 241005 0.030 & 241005 / ' ( liJ )ﬁ k)

O 241010 © 241010
0.025 & 241020 0.025 A O 241020
—J— 0.00094(25) —}— 0.00090(14)
0.020 - 0.020 -
§ 0.015 [ § 0.015 - ‘ ’o
)
0.010 - [ T 0.010 A ‘ l l l %Fﬁoverla p%ﬁ%ﬂi
0.005 - 0.005 - % ] [ ?ﬂ%?’i—"%']%ﬁ_lﬁl\?ﬁ
0.000 L= ' ; : : 0.000 1— . . . .
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
m2 (GeV?) m2 (GeV?)
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T 6 HLIE Fo Pl X,

A

(<))
Flavor Lattice Averaging Group I LAG

Favour Lattice Averaging Group

Ny FLAG average  Frac. Err.
f/fr 2+1+1 1.1932(19) 0.16%
f(0) 2+1+1 0.9706(27) 0.28%
175 2+1+4+1 212.0(7) MeV 0.33%
fp, 2+1+1 249.9(5) MeV 0.20%
fpo./fp 2+1+1 1.1783(16) 0.13%
fg 2+1+1 190.0(1.3) MeV  0.68%
fg, 2+1+1 230.3(1.3) MeV 0.56%
g /fB 24+1+1 1.209(5) 0.41%

BERT 1% = FEhwmmilsilzr
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£ : Flavor Lattice Averaging Group X #AF Particle Data Group
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LIEBKN FRZMPEKTFRE A
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W XL
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K* > ntvy K° - KR4
FEER1,731132%x10710 AMy = 3.483(6)x107 1% MeV
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W RKTFARARSEERT

@\(G

K > evee'e” 2.91(23)[2]
K- pv,ete” 7.93(33)[2]
K —ev,utu” 1.72(45)[3]
K = pvu ' <41 o

s F (AL R)
BT R T R RE TSRO ES R

X.-Y. Tuo, XF, L.-C. Jin, T. Wang, arXiv:2103.11331

Lattice/10~8
TN = K - ev,ete™ > 140 MeV 1.41(16) 3.39 2.91(23)
A8 p4
RREPENTRNRGIRE K - pveete” > 140 MeV 10.80(35) 8.51 7.93(33)
J 45 Ty — K - evoutu~ Ic 0.68(6) 1.12 1.72(45)
BEXREK > I RETREBRER . a7 T &
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— 247 4 2 XD /2

TR T Ko 2k 5 SO T Rk
« FRF—HEpREREERRFZ—
+ 20104F : BERTHHL , RPN Z AL VI ERERITS0
e —XFRBATEN “RFANZE"

Jaf

Z1

.

AT ZAT

- Z2EARFOSRHTEEHRONEE - HERFEFRORERRTIOCFRRESE

At AQCDH A ST X AR RE, HAREEHEHRE J




— 37 49 2 X (1D)

19 /25
l I ......
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y R s [fm
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¢ CKMIEGRinvEREIPRIREARSE
EREEMLNEERRT— , BiEEHREY,  SCKMEETT

ER.. _.
s = n—— = j Y
W jl"_’¥_\N£EZ@'¥(yyv) Cabibbo Kobayashi Maskawa
= >HE T SEENEICIRE

« > A Sirlin, RevMod.Phys. 50 (1978) 573

e
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> BIF19705ERK , AMJMELEY WEEHNEZEME
> HTAFEQCDHM Y WBIElF AEERE , MItITRAVEIER
> BB RAET —ERIHERRERIZ

11|
Aruy

JA#% 5 QCD A2 & CKM 4 Z2A4R 3%, 64 4% 74 1+ A = A1 |
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= 008 [T T T T T T[T T T T
o RIS AQCDIH B/ PR, WEIE v o
: : E
0.06 [~ //—
3 4 '
1 2 S |
=.004 [ Cont.‘Limil,Iwasaki
= Cont. Limit, DSDR
1 F B WEBE [ i
002 - Q},=2GeV’
> JERHTQCDER T AVIRICIRE AN 7 10(F '
> B{RIEIIRE RN T 3E S N R B

2 2
Q" [GeV']
XF, M. Gorchtein, L.-C. Jin, P-X. Ma, C.-Y. Seng, PRL 124 (2020) 192002
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— 37 49 2= X (IV)

- EETE O IR
BXFS

Ej%o AQCD
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o MAKNFETL

[Z. Bai, XF, N. Christ, et.al. PRL118 (2017) 252001]

o T KNFHFERTTWAWHETHHA
[XF, M. Gorchtein, L. Jin, P. Ma, C. Seng, PRL124 (2020) 192002]
[P. Ma, XF, M. Gorchtein, L. Jin, C. Seng, PRD103 (2021) 114503]

@ LPMFAMNBERET
IXF, L. Jin, X. Tuo, S. Xia, PRL122 (2019) 022001]
[X. Tuo, XF, L. Jin, PRD100 (2019) 094511]

o BMBMERHUET
[Y. Meng, XF, C. Liu, T. Wang, Z. Zou, arXiv:2109.09381]

@ FAAEFTHYATFRIKA
[Y. Fu, XF, L. Jin, C. Lu, paper appears soon]
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