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Introduction

> Unitary matrix: V*V=1 > Precise measurements of CKM matrix
elements |V.o| and |V.;| can test

VuquSVub d
unitarity of CKM matrix and search

VCKM = Vcd Vcs Vcb S
Via VisVip / \b for NP beyond SM
> Only obtained at experimental > Calibrate LQCD calculations

Ideal bridge to access the strong and weak effects between quarks

. Veas) ch\

Gif?. m2 dr(D’ »PIv) G2p3
+ + s P
F(D(ﬂ—)l V'):_B;-: v d(s)|2mmeFs;(1'mz’ )2 (-;)q =2;’m3 |f+(q2)|2|ch|2 3

+
DfSJ




Results from CLEO-c

0140401-002
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Return
Yoke
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Chambers

Data samples:
» 0.8 fb'l@3.774 GeV
» 0.6 Tb1@4.170 GeV

Decay chain Reference Nsig Ve A (%)
Dt — utuy, PRD78(2008)052003| 149.7 [0.219 & 0.009 + 0.003| 4.4
D) 5 70)ety,  |[PRDS80(2009)032005(42(21)|0.234 + 0.007 4 0.025| 11.1
Decay chain Reference Nsig |Ves| A (%)
D — uty, PRD79(2009)052001 | 235.5 [1.000 £ 0.040 + 0.016| 4.3
DF — rtut PRD79(2009)052002| 180.6 |0.981 4 0.044 + 0.021 5.0
DF — 7, PRDS80(2008)112004 | 197.9 [1.001 # 0.052 + 0.019| 5.5
DF — 7.’ PRD79(2009)052001 | 125.6 [1.079 + 0.068 + 0.016| 6.6
D+ 5 K= (K%etr, |PRD80(2009)032005|27(54)[0.985 + 0.009 4+ 0.103| 10.5

17 setvy 27t 5 at7%; 377 > ot

Precision of V.45 :
» [Veql: 0.219 £+ 0.009 £ 0.003
» |V.s]: 1.000 + 0.040 £ 0.016

4.4%
4.3%



Results from BABAR @ PEP-II

The BaBar Detector

Electromagnetic Calorimeter Decay Chaiﬂ Reference NSig H/E:d| A (%)
6580 CsI crystals
e Db mandyreco || B RRCAST — : 3 : 3
ID N
. Decay chain Reference Niig |Ves| A (%)

D¥ — pty, |PRD82(2010)091103| 275 |1.032 4+ 0.033 £ 0.029| 4.3
D} — ! PRD82(2010)091103| 748 [0.953 + 0.033 £ 0.047| 6.0

e*[3.1 GeV]

Cherenkov Detector _|_ _|_
144 quartz bars z —)- ( ) /e
K, 1, p separation Drift Chamber 17 e(p Ve (;L) Vs
40 layers
tracking + dE/dx

o -, 60
Silicon Vengx Trat_:ker ’é 100 Fé 40
o ) g g
2 504 2
& Z 20
2 2
i a] i a]
05 0 0.5 1 1.5 2 0.5 0 0.5 1 1.5 2 205 2.1 215 22
Data samples: m3(DKXyp) (GeVie') mDKXye) (GeV7/c') m(K"K'my) (GeVie?)
-
L
» 0.52 ab@10.6 GeV (y (4S)) S
= S » |\V.al: --
+ = P cd
»og(eTe” - cc=13)nb z P
B : > |V.g|: 4.3%

» Lpeak = 1 X34 cm™%s™1



Results from BELLE @ KEKB

The Belle detector

‘ a1 . . Y
. Aerogel Cherenkov cnt. Decay chain Reference Nsig | Ve A (%)
SC solenoid e Y n=1.015~1.030 — _ _ :
1-5CT . i g = S0V ¢ Decay chain Reference Nig |Ves| A (%)
T DF — itw, |JHEP1309(2013)139] 492 [0.969 + 0.029 £ 0.019| 3.6
TOF counter D+ 5 7w, ' | JHEP1309(2013)139|2206 | 1.017 + 0.019 + 0.028| 3.3
& i % 177 = etvr(nto,pty,w);
A \\‘ .)? ; ~\\“~ N :‘E 60 Esoo— (b) muon mode
f > 8 8
Si vix. det. p/ K; detection g a0 =
3(4) lyr. DSSD 14/15 lyr. RPC+Fe = £
Data SampIeS: E':: 0.2 0 0.2 0.4 0.6 E'u — g R |VCd|. -
Mrioe Do KiragXinagh) (GeV7/c?) Eecy (GeV) V..l: 3.3%
> 0.98 ab_l@ 10.6 Gev ('y (48)) %300 (a) electron mode %200_ (c) pion mode | CcS | = M 0
»o(ete” - cc)=13nb ™ :
» Lpeak = 2 X 34 cm™%s ™1




BESIII experlment

LS = (2.0 — 495) GeV
> De5|gned luminosity (L):
1.00 X 1033 cm™?s™' @ 3.89 GeV
> In 2022, L reach 1.1times of the designed L » EMC: oz /E = 2.5%(5%) ps for barrel (edncap)

RPC: 9 RPC: 8

Electro Magnetic
layers Calorimeter ayers

SC
Solenoid

Barrel
ToF

Endcap
ToF

5C
Quadrupole

g — e

> MDC:o0,/p = 0.5%@ 1 GeV, 045 /4x = 6%

» TOF: o7 = 68(110) ps for barrel (edncap); end
cap TOF was upgraded in 2015— 60 ps

In the future, E_,, will be updated to 4.95-5.6 GeV and the L will increase by 2-3 times ’



Data samples and double tag method

Kt K-
Tag ‘D_{—-"’"
L
e’ 4178 :
GeV e—
¥
D';+ i |
SN £
X "'}' s y(T)

8000 ; - D"/D* sample at 3.773 GeV 8 73 30
< H - D} sample at 4.128 GeV (4.128-4.226 for BESIII)
g 6000 : - D; sample at 4.009 GeV
z; L
% !
g 4000~
= - Released data:

2000—"~10XCLEO

i %0 482
éLEO-c | IBESIII

Candidates|Ecp (GeV) Taking year L (fb=1) | ST yield
DODY 3.773 | 2010-2011 (+2022) {2.93 (+4.98) (2.7 Mx2.7
DYD~ 3.773 2010-2011 (42022) (2.93 (+4.98) (1.7 Mx2.7
DjDS_ 4.009 2011 0.48 13K
D;"D;_ 4.13-4.23 {2016,2017,2012,2019 7.33 8M
AA 4.6-4.7 2014, 2020 4.5 0.12M

> Produced in pair — Double tag method
> Low background — low systematic uncertainties

> Quantum correlation for 1(3770) — D°DP pairs



‘Vcd‘ from DT — £+Vg

> Data Sample: 2.93 fb! @3.773 GeV (3.5x of CLEO-C) ; Ng1:~1.7 M
PRD89(2014)051104RC PRL123(2019)211802

Number of Events

n
(%))

160

n
o

120

-0.2

e Total PDFs
m— PDF: D — v
PDF: D —= 1v
PDF:D — < (—"I"Ioﬂ)l'\-') \
w—— PDF: D - lﬂ_ -
PDF: D —= n'x

o
o
—
o
TTTTTT

s PDF: D = 7
s PDF: D — Ksn
wess PDF: Smooth bkg
[ MC: Smooth bkg

N
=}

Number of events/0.02 (GeV/c?)?
—4—
Number of events/0.02 (GeV/c?)?

(4)]
TTTTT

03 02 -01 0 01 02 03 03 02 01 0 01 02 03

- M (GeV/c®)’ M. (GeVICY
> ’ 02 04 06 Simultaneous fit: u* —like (left)  m+ —like (right)
M2, [GeVZ/c']
> Ngg =409 £ 21 +2 > Ny, = 137 4 27

Veal = (0.2210 + 0.00584a¢ + 0.0047y5c) > |V, | = (0.237 £ 0.0244,r + £0.0124y5; + 0.001 5 syst)
> PI‘eCiSion Of |VCd| ) 28% > Precision Of |VCd| . 113% 9



‘Vcd‘ from DT — P£+Vg

PRL122(2019)061801

AT/ (ns'GeV %)

AT(ns™)

0.6

0.4

0.2

PRD92(201 5)07201 2 _PRD96(2017)012002

D—>7teve

F (GeVich

= - n
o o o

dr/dg® (ns'GeV e

o
o

0.0

B

D* - nle* Ve

o

q2(GeV?/ch)

> 293 fb! @3.773 GeV: Ngp: ~1.7 M

PRD97(2018)092009 PRL1 24(2020)231 801

qAGeV3ct)

2 " First

D} - Kletv,

” 151 extraction

1M

LY

0 0.5

1
Q¢ (GeV?/c")

1.5

2

> 3.19 fb! @4.178 GeV;

G (GeV3cH)

Reference FI(0)|Ved| f1(0) |Vl A (%)
PRDY2,072012 | 0.1435(18)(9) | e [70.0278(34)(28) | 1§

PRD96,012002 |0.1413(35)(12) 0.2243(58)(26) | 2.8

Reference | FE0)Vaal | FE00) Vol A %)
PRL122,061801| 0.162(19)(3) [0.7452(31)] 0.217(26)(4) | 12.1

Reference F1(0)|Veq] f1(0) |Veal A (%)
PRD97,092009 0.0815(45)(18)| (o -~ [0.2264(338) (318)| 205
PRL124,231801| 0.087(8)(2) ' 0.242(41)(34) 21.8
(a) f7(0) and f{(0) are from PRD 107,094516 (2023).

(b) f1(0) is from Front. Phys. 14,64401 (2019). 10



Comparison of |V 4] R

precision: 4.4%->0.8%

> With the values of GF, Mp+, Mg, mu [PDGZOZZ] dMglobal fit PDG(2022) | 0.22486+0.00067 "o
> We use the following form factors as input to HFLAVZ1 - PRDEDESVION 092000 - 0.2208:00040 "
extra the CKM matrix elements HPOCD  PROSIEDM)TMSESSTY 0zmadetn
ETM(2+1+1) PRD96(2017)054514,7°I'v,  0.2330+0.0137+0.0067 g
Reference Form factor|Input value :EO__:?[EIMTS)@D;JE%_&;_W_GG@E____H__
EPJ(C82,869 fp+ 212.7(0.7) BESIII PRD92(2015)072012,7e",  0.2278+0.0034+0.0023 "
PRD107,094516 f_l’*j (0) 0.6300(51) /BESIII PRD96(2017)012002,7%"v,  0.2243+0.0058+0.0026 -
PRD107,094516 ff (0) 0.7452(31) BESI PRD97(2018)092009.ne"v,  0.2264+0.0335:0.0318 S
Front. Phvs.14.64401 f’r} (U) 0.36 ( 5 ) BESIII PRL124(2020)231801,nu7v, 0.24240.041+0.034 o ——
— = BESIII PRL124(2019)061801,K° v,  0.217+0.026+0.004 ot
BESH ~  PRDEA(2014)0511044°v,  02165:0.0055:00020 ™
With the highest precision: 1.8% -0.6 -0.4 -0.2 0 0.2
V|
cd

» The third uncertainty includes systematic uncertainty and uncertainty from LQCD
» Results from experimental consistent with the theoretical calculation.



V.| from DT - £7v,

D; - ptv,

80"

[o)]
o

Events / 4 MeV?¥/¢*
Y
o

N
o

_PRL122(2019) 071802

D{ -t (e* vv)v PRL127(2021) 0171801

MM? (GeVZc?)

o 1000 - KK K'Kmn' ]
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. '..:.- o 00
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e, ; o Sty
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% 100F: 1300 ,
o ] 3 200F:
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32008 "
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200F,,.
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1 ¢+ Data
1 — Bestfit

¢ Non-D; background(BG)
Dy —»Xe'vt BG

D;- —rK v.BG

- D~ ‘)K B(‘

D — T*(—e*v Vv, signal
 Signal + all BGs

D{ - tf(ntv)v PRD104(2021)052009

Number of events/0.02 (GeV/c®f

M2 (GeVic®)®

Number of events/2 MeV/c?
& a m a9 @3 R E

29 1 I 1 1 ) 0 adep
2 -015 -01 =0.05 0 0.05 01 015 02 1900 1920 1840 1960 1980 2000 2020

M,(D:)(MeVic?)

Events/ (0.04 GeV¥/¢*)  Events / (0.024 GeV*/ %)

DS - r+(p V)V

o

=

=
T

wm
=
T

4.178 Ge V-

Events / (0.04 GeV’f

[
=

Events / (0.04 GeV*/ %)

540- '

(%]
=
T

[\*]
=
T

[y
=
T

[ 1)

=
T

[y
=]
T

PRD 104(2021)032001

4.189 GeV

==
T
+

0.5

0.0
MM (GeV¥/cd)

1.0

Events / (0.04 GeV¥ ¢4)

Events / (0.04 GeV?/ %)

30r

20¢

10

401
30F
20F

10¢

0

oS

|

4.199 GeV

4.226 GeV ]

|

0.0

0.3

1.0

Reference

L/Eem (fh~1/GeV)

=
N sig

-
| I“m; |

A (%)

PRL122.071802
PRD104,052009

3.19/4.178
6.32/4.178-4.226

1136 &= 33
2198 +

0.985(14)(14)

55(0.973(12)(15

4)

2.0
2.0

PRD104,052009
PRD104,032001
PRL127,0171801

6.32/4.178-4.226
6.32/4.178-4.226
6.32/4.178-4.226

956 & 46
1745 + 84

14940 = 97

)
0.972(23)(16)

(
(4)

0.981(44)(21)

0.978(9)(1

2)

2.9
3.1

1.5

att s atmmbrt - atn'; et = etup

PRL 127, 0171801 gives the |V.,| with the precision of 1.5% ,



New |V .| from DT - £7v,

Three new works added more data sample taken at 4.128 GeV and 4.226 GeV

: —#— Data

I %ﬁ;ﬁ;’iﬁ"ﬁ“ﬁﬁfggﬁw wh 1 » Datasample: 7.33 fb! @ 4.128 — 4.226 GeV
S b N, = 2515 + 52

> fo#Ves| = (241.8 + 2555 + 2.25y5) MeV

> for = (2484 £ 2.555 + 2.25y5) MeV
> [Ves| = 0.968 £ 0.0105p5¢ £ 0.0095yst

300

[\

=

—
T

Events / (8§ MeV?*/c4)

100:

02 01 0 0.1 02
M?E.  (GeV?/cY)

Benefiting from a larger data sample, more tag modes, and measurement from MUC,
|V..o| from this work with the highest Precision: 1.4%!

13



New |V .

D} - ttv,t+ - n*v with BDT method

600— ' ' S—
-arXiv:2303.12600 T
g : — total B :
o 400__ — - signal __
..g : - - background :
Q 200 , ]
| = . i
| _rj' I. _
i.l ::::::nyfT::.  .,._
= 241 Rt ¢ 4 F
5 ittt Ty oy g JEISVVRE
o _g:}i&* [ +—+—+_+ 1 ++ ++ + + +$ _E
06 04 02 0 02

BDT score

Benefiting from a larger data sample, more tag
modes, and larger range of M?:.., the
precision of |V.| from arXiv:2303.12600
supersedes PRD 104, 052009(2021).

from DY - £%v,

+ + + +q,
Dy = t7vg, 7 = utv, g

Accepted by JHEP

600 4 300F

L
400
2000 o
150 L
= 5

su.[“*—’ K'KT | apofpio K'Knn

1 200F

1 100F

] I_D;-; KK
200

100

80FD; - KK

60f

Events / (0.1 GeV)

150F

1100

1 soHf] ,etfe®*®”

1 % Daa

—$— BKGI
I BKGH
- - BKGIII

Eitra 4 (GeV)

20010 T
150}
1100}

s ArXiv:2303.12468

Reference Nsig Vel A (%)
arXiv:2303.12468| 2285 + 73| 0.987(16)(14) | 2.2
arXiv:2303.12600 2411 + 750.993(15)(12)(4)| 2.0




V.| from DT - P£7v,

> 2.93fb! @3.773 GeV; Ng1: ~1.7M
PRD92(2015)072012 F1’(§D96(201 7)01 2002 PRD92(201 5)11 2008 PRL1 22(201 9)01 1804
100 T T ‘ T T T T L ‘ ‘ ' I ‘ ‘ ]
: ] S o
o so;\. D° - K e*v, - - 80:}\ D* - K%"v, | < 400 p - Kletv, i
w> i N> i . 9 300:- 8
G 60 1 & eor . w SOt =
" [ § 'Tg ] S [, E
S wlb 1 & a0 \ - S 200} =
S 1 E . e J
N \ : of . T U B o S ‘1%““":3“‘5““’2“ 0 05 1 15
0 N QQ(G;VQJ&) " 2 ’ > q?(Ge1v2/c4) " : q? (GeV?Zc?) q* (GeVc?)
- . K K
PRL123(2019)121801 DI - r)(')e v, Reference fi OlVes| | f3(0) [Ve| A (%)
3 ,S. ST e PRD92,072012 | 0.717(03)(04) 0.9622(57)(67) | 0.9
[ ""3‘2},‘.’!.'23':,'.3.e R PRD96,012002 | 0.705(04)(11) |\ (31) 0.9461(67)(153) | 1.8
[ — Series 2 Par. / 4 o PRD92,112008 | 0.728(06)(11) | 0.9769(90)(153) | 1.8
T 08l S § osmcaumion |2 ] PRL122,0118040.7148(38)(29) 0.9592(65)(56) | 0.9
S | ot /I 1 LCSR uncertainties Rf Tf(ﬁ)“f | (n) |V | ﬁ (97)
- i 1 _ eference s s . 0
0.6 M/l . ' / PRL123,121801| 0.446(10)(8) | 0. 495(5) 0.9010(582)(569)| 9.0
’ it ] Reference f (0)|Ves| ([]) Vs (%)
°'40 STy R Lo TR YIS ' PRL123,1218010.477(100)(22)| 0.5 81}; 0.8548(1920) 7351 | 24.4
' C@Gevieh (a) fI(0) is from PRD 107,094516 (2023).
(b) f7(0) is from JHEP 11,138 (2015).
» 3.19fb! @4.178 GeV; i ’ 15

(c) f7(0) is from JHEP 11,138 (2015).



New |V | from D} — P£+v{)

7.33 bl @ 4.128 — 4.226 GeV

arXiv:2306.05194

AT/AqQ® (ns”' GeV3e?)

q* (GeV/c?)
> |Visly = 0.913(14)(13) 2 +55th60 A: ~6.4%
> Vsl = 0.941(44)(16) +;2§h23 A: ~9.6%

=
= -

—Modified

—Simple pole |

—2 Par. z seriesf

+

T 05 10 15

02 04 06 08

arXiv: 2307 12852

rrrrr

Ds — 77/1+V/,L_;_

—Model I
—Model II

—Model I _|

Ds ->n'u Vu
LCSR calculatio
LCSR uncertainty |

-F;ii}f

0.5

1.0

Q2 (GeV? cd)

1.5

> [Vl, = 0.911(20)(16)

02 04 06 0.8
q2 (GeV¥ cd)

+55theo . 0
Teaheo Ai~6.7%

> Vsl = 0.907(67)(19) *7 +76theo A: ~11.2%

16



New |V .| from AL - ALTv,

> 45 fb!l @4.600 — 4.900 GeV

Events/(.01 GeV

300| —+ data
1253439 B — totalfit
=== A Aptv,
200} - == AT—> AT
- == other bkgs
100
-0.2 -0.1 0 0.1 0.2
U . (GeV)
T T T T | T T T | T T | |
CQM PRC72,035201 4.25
LFA CPC42,093101  1.63
CQMR  PRD93,034008 2.78
RQM  EPJC76,628  3.25
NRQM  PRD95,053005 3.84
LCSR  PRD80,074011  3.0+0.3 N
LQCD  PRL118,082001 3.80+0.22 ——i
SU@3) PLB792,214 3.6+04 N,
LFCQM PRD101,094017 3.36+0.87 —_—
MITBM PRD101,094017 3.48 B
LFQM  PRD104,013005 4.04+0.75
BESIII  PRL115.221805 3.63+0.38+0.20 ———
BESIII  PRL129,231803 3.56+0.11+0.07 [
1 l 1 1 1 I 1 1 1 | 1 1 | |
-2 0 2 4

B(A; A e'v,)%

f1(4%

ty (%)

Projections on form factors
1

3} DATA: A{— Ace'y, w
««:LQCD: A]— Ae'v, ,'..:',,':': ~ 0.8+ P
2 7/ ) s
et :.0_‘ g 7 ~
1fs? "
k- - 04 = .
0 0.5 N 1 0 0.5 , 1
q* (GeV/c%) q* (GeV-/c%)

0 0.5 1 0
¢ (GeV/ch)

0.5 1
¢ (GeV¥Hc*)

dI'/dg? (ps'GeV?)

Projections on kinematic variables

Events/(0.14 GeV%¢?

Events/0.2

150t
W

150f oy 200F
=]
100 z 150
S 100f
50F 53] 50F
0.5 1
q? (GeV¥c*)
150} ; &
t =
100} Z 100
+ =
50F S 50p
[53]
. g2
05 0 05
cosf,

¥ (radians)

PRL129(2023)231803

Compared to LQCD decay rates

----- DATA: A]— Ace'v,

o2~ . LQCD: Al— Ae'v,
0.15
e A
0.05 - LQCD: PRL118 (2017)082001 .‘
0 1 1 | 1

1 1
0 02 04 06 08 1 1.2
q* (GeV¥/c*)

» |V.o| =0.936(17)(24)(7)
A: ~3.2%

Provide the first direct comparisons
of the differential decay rate and
form factors with those predicted
from LQCD

17



Comparison of |V ]

> With the values of Gg, mp+, m;, m

>

CKMFlttIer P EPZII22(2{|l22)0?;3( ulI ! 097349;0 00016 I -I
HFLAV21 PRD107(2023)052008 0.9701+0.0081 :
CLEO PRD79(2009)052002, t,v 0.9810.04410.021  +=~
CLEO PRD80(2009)112004, 7 v L.001£0.05240.019  +—t
CLEO PRD79(2009)052001, T,v 1.079+0.068+0.016 .
BaBar PRD82(2010)091103, T, lv 0.953+0.033+0.047  HeH
Belle JHEP09(2013)139, T, v 1.017+0.019+0.028 Hol
BESIII 6.32 fb!  PRD104(2021)052009, v 0.97240.023+0.016
BESIII 6.32 fb!  PRD104(2021)032001, v 0.980+0.023+£0.019 w4
BESIII 6.32 fb! PRL127(2021)171801, t.v 0.978+0.009+0.012 "
BESIII 7.33 fp!  arXiv:2303.12600[hep-ex|, T v  0.993+0.016+0.013 ™
BESIII 7.33 fb™! arXiv:2303.12468[hep-ex], .V 0.987+0.016+0.014 -
CLEO PRD79(2009)052001, v 1.000+0.040+0.016 e
BaBar PRDS82(2010)091103, pv 1.032+0.033+0.029 o
Belle JHEP09(2013)139, pv 0.969+0.026+0.019 =
BESIII 0.482 fb! PRD94(2016)072004, pv 0.956+0.069+0.020 et
BESIII 3.19 fp! PRLI122(2019)071802, pv 0.985:+0.014+0.014 -
BESIII 6.32 fb! PRD104(2021)052009, v 0.9731£0.012£0.015 ™
BESIII 7.33 fb!  arXiv:2307.14585[hep-ex|, uv  0.968+0.010+0.009 =

BESI Combined

v

0.9831+0.0068+0.0080 =

,[PDG2022]

fD—>K(O) @ H PQCDZOZl

preC|3|on 2.4%-20.6%
Input £+ = 249.9(0.5), K (0) = 745.2(3. 1) f+ (0) = 0.495(5) and £’ (0) = 0. 558(+47

| BESIII Combined
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BESII arxiv:2307.12852, nu*v, 0.911:0.020+0.057 ——
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With the highest precision: 0.9%

The third uncertainty includes systematic

uncertainty and uncertainty from LQCD
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Conclusions

>

In recent two years, with 2.93 fbt @3.773 GeV and 7.33 fb! @4.128-4.226 GeV
data samples, BESIII have systematically studied leptonic and semi-leptonic decays.
The precision of |V.;4| and |V.| are improved to 1.8% and 0.9% at experiment,
respectively.

Data coming:
> 51fbl @3.773 GeV data taken in 2022 (ready)

> 8fb! @3.773 GeV data taken in 2023 (undergoing)

> 4 bl @3.773 GeV data taken in 2024 (to be ready)

Precision of |V.| and |V,4]| will be further improved with the total 20 fb* @3.773
GeV data sample.

19



Thanks for your listening
and thanks for the local committee!



