PRECISION MEASUREMENTS OF PURE LEPTONIC DECAY OF CHARM MESON AT THE BESIII EXPERIMENT
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The analysis program computed the vector mo-
mentum of each charged particle observed in the
decay and the invariant mass, m*, assuming
each charged particle had the mass of the
charged pion, In this detector the Ko3 decay
leads to a distribution in m* ranging from 280
MeV to ~536 MeV; the K, 3, from 280 to ~516; and
the K73, from 280 to 363 MeV. We emphasize
that m * equal to the K° mass is not a preferred
result when the three-body decays are analyzed
in this way. In addition, the vector sum of the

This Letter reports the results of experimental
studies designed to search for the 2r decay of the
K,° meson. Several previous experiments have
served'”? to set an upper limit of 1/300 for the
fraction of K,”’s which decay into two charged pi-
ons. The present experiment, using spark cham-
ber techniques, proposed to extend this limit,

In this measurement, K,’ mesons were pro-
duced at the Brookhaven AGS in an internal Be
target bombarded by 30-BeV protons. A neutral
beam was defined at 30 degrees relative to the

circulating protons by a 13-in,X 13-in,X 48-in,
collimator at an average distance of 14.5 ft. from

two momenta and the angle, 6, between it and the
direction of the K.” beam were determined. This
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COMSATSIn Paldﬁ:‘n(l) T 'hn ) \ Jorenc) '
“O) stitute of Inform: echnology
g l‘l'liv::sgti’ o‘flﬂlf Pun ¢ INDIx Thailand(l) Chung—.—\ng University
p 3 India(1) Suranatee University of Technology
. Indian Institute off!'eghnoli) madras. N,

ih

China (57)- =

Beihang tnﬁaﬁty, éﬁtral China Normal I.'niversiiy, Central South Un‘i\'er&i‘tp: e
China Center of Advaii¢ed Science and Technology, China University of Geosciences, " ¢ Ch[le(l_)‘ YUTH AMERICA
Fudan Univer: 'ry., Guangxi Normal University, Guangxi University, Guangxi N A University of Tarapaca® 7 !

University of Technology, Hangzhou Normal University, Hebei™ g
University, Henan U r Ienan Normal University, Henap Uniyersity of Science y 0
and Technology. Henan University of Technology, Hengyang Normal University,
Huangshan C ouege,ﬁuﬁnn University, Hunan Normal University, Inner Mongolia
University, Institute of High Energy Physics, Institute of Modern Physics, Jilin
University, Lanzhou University, Liaoning Normal University, Liaoning Univer:
Longyan University, Nanjing Normal University, Nanjing University, Nankai
University, North China Electric Power University,Peking University, Qufu Normal
University, Renmin University of China, Shanxi University, Shanxi Normal
University, Sichuan University, Shandong Normal University, Shandong University,
handong University of Technology,Shanghai Jiao Tong University, Soochow
University,South China Normal University, Southeast University, Sun Yat-sen
TUniversity, Tsinghua University, University of Chinese Academy of Sciences,
University of Jinan, University of Science and Technology of China, , |
University of Science and Technology Liaoning, University of South China,
‘Wuhan University, Xi’an Jiaotong University, Yantai University , Yunnan University ,
Zhejiang University, Zhengzhou University

Vs = (2.0 — 4.95) GeV e
MDC: g, /p = 0.5%@ 1 GeV, 045 /qx = 6% 2

TOF: o = 68(60) ps for barrel (endcap)
EMC: o5 /E = 2.5%(5%) ps for barrel (edncap) _

Electro Magnetic
Calorimeter

Sz

YV V V

A\
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\
=
a2t

2

% KT-2&HE

5 I 5 K tau-CharmBg.

X3

X B 7

Ldt (pb™

I I.iII'I'I'I

m

Q[ ~ ® BESIO
E Iﬁ_ [ [ ] BES“U_ 10x10? \
"g +._.=_ - A CrystalBam
<1 5__ O Gamma2
T1 r O Markl
| [ = pluto
w |t
- v 4
2T
[
Il
- 3
2
o
2 -
1 -
ol SEa.
___________g_;?
Hadron form facto
Y(2175)
Zs states?
QCD test Rare decays

7E: 5| HMarco Maggiora - HADRON2025
2026/5/21

S and D Physies
and Ds Physics

(f, and f,, mixing, CP)
Charmed baryons

Tau Physics

\—/

™ ;*"IOI... %.‘!' : . ® :
R EN.
40 42 44 46 43
Ecm (GeV)
XYZ data:

* 46 energy points (21.9 fb?)
¢ 29 energy points with L;> 0.4 fb™!

Small scan sample:
* 104 energy points (0.8 fb)
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BESITISRZ4) B TY KA 34

4 D AT
A — : RRT L] Rk — S REEE
KEEAS | = dE i = | ISRAG I mT 2 T4 | SBEFAH 5 | BONDD
\. Y \.
RFE= : Bhnid 5 AT« BT REE
AR [ RGtTHRE | ZRFELTHR B4R | 5EAH 22 | CPIEIAR | SRBRI=
Kt K~ - B _ Nsig
L tﬂgﬂ Ntagfsig
N f - ‘Etag,sig
s A — & €tag
f+ Ivinmc
- +,?53' €tag = Fjlgnc
X "}D"’ y(?) Neot

2026/5/21
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Dy T2 AR

( mTwE 2 A
GEmimpy+ 2\ 2
(S) 2 ml (04
[(Dg = ) = 3 fDZ(";)lvcd(s)l (1 - 2, ) (1+—Cp)
(s)
o PERE R GRIE «cm, — BE «cmy)
\_ B®:B*:BY™ ~mi:mj:m; ~ 2.6 X107 : 1: 283 Y,

0.97435 4 0.00016  0.22501 4 0.00068 0.003732:5-990099

T4 TU. _
0.00858 0.00017 0'04111—0.00068 0.999118 0.000034

d(s)

Vel M [Veg| > HEHCKM L IE A3 HHI B D K i T3

>
> %’Eﬁi&f,)(g) > KELQCDIHH > O PR HER T 2 ST P

2026/5/21 35



600
400

()
S
<

=2
S o

N
(=]
T

0‘
150D > K' i

100}
50} j 20

Events / (0.25 GeV/c?) (x10%)
=
[—]

0 1 L L 1
1.84 1.86 1.88

D* B RIC

2026/5/21

100

50

80

60

40
20

40

0f— 3=
1.84 186 1.8

Mg (GeV/c?)

[
&
1

T CPE PR

1.84 1.85 1.86 1.87 1.88
My (GeV/c?)

6 Mn 1L B
D S Knnn
20} |
15
10f

0

30t
20}

10}

U

| D > Knmnt

R R R R R R I R KR s

40

20

| D > Ko

1.841.851.86 1.87 1.88

My (GeV/c?)

My (GeV/c?)
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D* - utv, (2014)

[i&aﬁﬁéz{x: 2.93 fb'! @3.773 GeV (3.5% of CLEO-c) ; XFric J7i%k; Neri~1.7 M PRD89(2014)051104RC
et =
ut is identified by its transit distance in the MUC | m—b
Charged pions/kaons undergo strong interactions and stop before MUC R —
60 60 60r 4 = A
50 ‘ 50 505— o i
% p— w0 “0- S 10k
3 o : %0 . 2 -
52 s/ g 2 s f z N
F o : 510 & 102— 15—1
006 07 2? 09 1 87 os p‘fifwt)L T 006 07 ) (cha.;s 08 1 :
E, max of any extra good photon in the EMC: < 300 MeV Ly 0 02 0.4 0.6
M2 .. window: (-0.12, 0.12) GeV*/c? M2, [GeV/c']
Mﬁliss = (Eecm = Ewag — E +)2 _l_ﬁa _ﬁ"lz-
7 Ngg = 409 + 21 + 2 e e
5 . . nret > [Veal = 0.2210(0.00584¢4:)(0.0047 gyst)
B(DY ~utv) = 52 7 Vgl K 2.8%

2026/5/21 = (371 i 0.10 i 006) X 10_4 37



D* - utv, (2025)

B 7

K:20.3 fb! @3.773 GeV
WHRIC 7125 Nop ~10.8 M (8 FRiC1H)

———— ;
800 A ¥2/NDOF=1.0 _
- --Signal PDF + -
L C—All {I':uackgrnund
- -
% 600 TV, l
@ +
e | —Other background
= 400 N
g
g 2000
0- =it} = = .‘.'-~“_.-- T
0.2 -0.1 0.0 0.1 0.2
M2, (GeV?¥/c¥)
PRL135(2025)061801

2026/5/21

T I T Li L T

fo+|Vea|FTAN D — p*v, ZEAR GEFEH) 1 B I(TO) 32 Y

0 x
- Ffr_)l_mwf [1 + ;Cp]

GE f? m{i
= £ g; Do \VealPug (1 — p)

FEAHZIEN 1

Lo+ se+u,

2

@+%@}

A BE[RIER S5 1F [PRDYS(2018)074512]
1. Structure-dependent bremsstrahlung — M-& 9 F01%
B(D* - ptv,) = 4.034 £ 0.080 £ 0.040

2. Short-distance electroweak correction
3. Long-distance electroweak correction

Veal = 0.2265(0.0023415¢) (0.001146) (0.0009;,1,) (0.0007 )

fD+ = (2135 + 215 & 1-1syst T O-8input * 07EM) MeV

o+ M|V, e 1.2%
ML AT RARE, RS 723 1%
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DT - ttv,tt >t v, (2019)

[i&%&ﬁéz&: 2.93 fb! @3.773 GeV (3.5% of CLEO-c) ; XAric J7i%; Ngr:i~1.5 M PRL123(2019)211802 ]
> R AR T, R R b .
T RSt FERL o X 2

e Total PDFs

m— PDF: D — pv

> NRAFEMR, WHMEHMUCE R
> Mut —likelE Mt —1liketd, BT

80 PDF: D — tv
PDF: D — 1~ nonaw)v

= PDF:D -~ K'x

—_
o
LI L

—

P
— PDF D=

Number of events/0.02 (GeV/c?)?
Number of events/0.02 (GeV/c?)?
&

%é\jj‘é\ 0:_-0.3 ©02 -0 0 01 02 03 03 02 o 0 01 02 03
Mz (GeV/c?) M:is (GeV/c?)
> B, = (1.20 £ 0.24 £ 0.12) x 1073 ut —like (Egwmc <300)  m" —like (Egmc > 300)

> fo+ = (2245 + 2284 + 11.34y5¢ £ 09ext_syst) MeV

> |VCd| = 0.237 i 0-024‘stat i 0.0lzsyst i 0-001ext—syst é‘ykxﬂilj\“‘l : 5.1 o
> Ry, = (3214 0.64 +0.43) Ve FE: 11.3%

2026/5/21 39



D* - ttv_, 17 - ntv, (2025)

[i&%&ﬁéﬂx: 7.9 fb! @3.773 GeV; WAL T % Nepi~ 4.1 M (6517 1CTE) JHEP01(2025)089 ]
{55 M 234
R \f o
S E _g:: :0:” %400-
(a) (b)
BEME: nt —1like ut —like
» B, =(99+1.1+£0.5) %10 " ‘
> fp+=(204+11+5+ 1) MeV ﬂ%ﬁiﬁ-
> |Veql =0.216 +0.012 £ 0.006 + 0.001 o Vg K5
» Ry, =249 £0.31 6.2%

2026/5/21 40



BESIII DT 2% & 5 45

+
D™ = uv,
PRD89(2014)051104RC 2.93 fb~' 45.75+1.2040.39 0.216540.0055+0.0020 204.245.3+1.7 3.71+0.10+0.06 —
+
utv,
PRL135(2025)061801 20.3 fb~' 48.02+0.48+0.24+0.1240.15 0.2265+0.0023+0.0011+0.0009+0.0007 213.5+2.14+1.1+0.8+0.7 4.034 + 0.080 + 0.040 2.97+0.67
DT - tty;
PRL123(2019)211802 2.93 fb — 0.23740.024+0.012+0.001 2245+228+11340.9  120+2.4+0.12 3.2140.64+0.43
>ty
JHEPO1(2025)089 7.9 fb™ 459+2.5+1.240.1 0.21640.012+0.006+0.001 204+11+15+1 9.9+1.1.40.5 2.49+0.31

2026/5/21
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Events / (0.4 MeV/c?) (x 10%)

D} B BRI

14N britiE  (from 4.128 to 4.699 GeV)

40} : 201
D— K'Kw 15F Di=» K'Kn ] D,— W 8Fp— KK
A ] 15¢

30 6k
A A1 1 )
10 St h 5 2f

4 D.— KgK'n" 1 10k D> Krn'w ] 2t D.— KgKgn 4l D.— K"SK+n'n'

3t 1.5F ]

2 S aacetARE I SN S I )

1F" e ] 0.5F ]

3r D,— KiK' Di— n 1.5 D> m, 7 1 2FD— n’n T

2 ] LN A

1
4 20
1 it ]
7 7 X 0.5 ‘I g - 0.5 .
L 2
101 _ R 208 21 212 208 21 212
Di— 7 =« Di— m p
w 15k Ty
5 10f
5 [

208 21 212 208 21 212
My (GeV/c?)

2026/5/21




Bs - pv, (2019)

[i&%)%: 3.19 fb! @ 4.178 GeV

PRL 122, 071802 (2019) ]

B MG IRZEENEEE, BN RS 5

80 ]

-t - .
r:i?‘ = -
% 60F i
= <
A~ C .
~ 40F E
B E :
s | E
2 _f ]
= 201 E
g

o

2

MM? (GeV¥c?)

2026/5/21

Nyt = 388660 + 2592

Np+_,+y, = 11359 £33.1

Bpi oy, = (549 £0.164, £+ 0.15,) X 1073
foi|Ve| = 246.2 £ 3.64, £ 3.5, MeV
fpr =252.9 £ 3.7y & 3.64 MeV

[Ves| = 0.985 £ 0.014, £ 0.014y,.

o SEIG AR DNGE TBFHUREEE: 3.99 %
o |VsIFEREE: 2%
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Bs — ptv, (2023)

Kif: 7.33 fb! @ 4.128 — 4.226 GeV; PRD 108, 112001(2023) |

= T T T T T T T T T I T T T T I T T T T
| —#% Data

- [ | Matched y(’) D' ptv,

r |:| Unmatched ’\{(Jr") D:—) TS

> Ngp: ~0.88 M
> Ngig = 2515 + 52

> forlVesl = (241.8 £ 25545 + 2.2555) MeV

300
200"

> fpr = (2484 £ 255, £ 2.25y5) MeV
> Vsl = 0.968 £ 0.0104,¢ + 0.0095y;

100

Events / (8 MeV?%/c?)

02 01 0 0.1 0.2
M fniss (GeV¥ %

o 19T H RMEIEMEA, 2R HEARCIE L KMUCHIIER, |V 1
M NER: 1.4%!

2026/5/21 44




BpF - ttv,, - ntr%v, (2021)

[iﬁﬁ)ﬁ: 6.32 fb! @ 4.178 — 4.226 GeV

PRD 104, 032001(2021) ]

z
o) ()
o &)
= 2
< S
0.0 05 1.0 1.5
Egira y (GeV)
G:: | Ll T ] ?
a;loo_— 4.178 Ge V- ,;:
g | 3
S =
£ so =z
- a
-
= =

Events / (0.04 GeV*/ ¢4)

Events / (0.04 GeV?*/ ¢4)

b9 o
< S
= =

T T

—

2

=

S
—
T

7]
=
T

[
—
T

o
=
T

[
=
T

o
—
T

0

05 1.0 15
M... (GeV/c?)

Ql.. e

4.189 GeV

)
——
T

0.0 0.5 1.0
MM? (GeV¥ )

Events / (0.04)

Events / (0.04 GeV¥/ %)

Events/ (0.04 GeV*/c4)

100

50

At

05 00 03

cosGp

30r

20

10f

40F
30F
20F

10p

0

Op=

4.199 GeV

2026/5imultaneous fit to M2 . = ©./s =4.178-4.226 GeV

1.0

- Bkg: D! —K'x'n’

Ngr:0.71 M

N = 1745 + 84

D -1ty

Foi|Ves| = (244.8 4 5.8, + 4.8,,) MeV.

Data « ZHeERME;
st PRI WL A
o |V lKERE: 3.1 %

Bkg: D! — x*n'n
Bkg: D! — x'n’n

- Bkg: D} — (', ¢, wv,)

i + = . =
Bkg: e'e” — (y |SR)D:D’

Bkg: others
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B ->tv,, TF > e’y,

v, (2021)

[i&%)%: 6.32 fb! @ 4.178 — 4.226 GeV

PRL 127, 171801(2021) ]

KK

1000 |

15000,

1 150

100f: !

Events / (0.1 GeV)

1 400p::

1 2000

300,
200 !
1 100

0 05 1 15 2
E*“* (GeV)

extra

2026/5/21

1 800
1 600
1 400 -~
| 200

" 1400
1300F:
1200
1100

1 ¢
1 — Best fit

$

KK |

0 05 1.5 2
Data

Non-D_ background(BG)

k- D! —>Xe'v, BG

D! K| e*v, BG

- - DK BG

D;—T*(—e*v V v_signal

-- Signal + all BGs

55: Egtra < 0.4 GeV
Be=: E%L > 0.6 GeV
Ngig = Els‘gta — If]?g

chffm' *%Eéﬁiﬁ%fﬂéﬁ
kag : %%%@Jé&

U/\jb,ali FHMC BKG shapesMEENE = X
Bpi ety = (5274+0.10£0.12) x 1072

fp+|V (2444 +2.34+2.9) MeV.

5

fpr = (251.1 £2.4 £ 3.0) MeV

CS ‘ o

V.| = 0.978 £ 0.009 + 0.012

Vs #6 R ~1.5 %
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Bs - tvv,, - ptv,v, (2023)

HER: 7.33 bl @ 4.128 — 4226 GeV JHEP 09, 124(2023) |
- : ' I j 11 j 111 j
s 1200 NIj)T — N’got - NBf(G - NBKJG - NBKé
X :— .!))Ee]:)liharm ' - KK
2 1:5_ =N . Eegera: A M 47
I B IELEEMC P TR )
< -
2 _ c &5 EL . < 0.4 GeV
0.1 0 oL ez 2 B EN., > 0.6 GeV
AE (GeV) S
(5 SRS M (1 P 5 5 DO -
- = N, = — N
a | -+data g _\_data NN bkg Wz
3 g e N&ggm: 55 X A F 55
3 e T S KA A SN S B X
§ Zi_ - y . ) = = KKl
S f | Eoutra + (GeV)
E1f B+ = (5.34 £ 0.1644at = 0.10gyst ) %
> [ DI —=1ttu, sta Sys -
2L ke o V. | FERE: 1. 9%
2026/5/21 0 1 2 fD;r|Vcs| = (246.2 £ 3.7gtat £ 2.55yst) MeV. 47

M2, (GeV?/cY)



DS - tvv,, T > v, (2023)
| S

7.33 fbl @ 4.128 — 4.226 GeV PRD 108, 092014(2023) |

2 F - 600— ' ' —]
= * N i —— total i
: h © 400~ — - signal ]
..g : - - - background :
Q 200 N
L = i
0-__.l:::::::—'f:::l::':_‘,:-j_
S Dbuhtauturt Lt
& T R R 0
oo 06 04 02 0 02
. BDT score
] K IEER L SR SR AR (BDT) B U X 435 5 I AT N
], —— Eoe I e e— WABDT B ENE S8 Nps .+, = 2371 £ 74
D g T e B (%) ot [Ves| (MeV)
o S oo 3 P B 5.41 +0.17 £ 0.13 247.6 3.9+ 3.2+ 1.0
2 5,%000 - =
§ 0 0 0 g°'1!z‘ Y J—y _;-2 T—ﬂ |‘/(:S|*ﬁ§ - 2'1% 48

BD:F score BDT score



D* > ¢tv, (2016)

PRD 94, 072004 (2016) ]

(KidiE: 0.48 fb! @ 4.009 GeV

.

-]
L

| 1i-like

Events/{ 0.01 {GeVic’)

L A s Py | i .
-0.16 -0.1 -0.0&6 0 00 01 016 02
MM? ((GeV/ic?))

| non-p1, m-like

Evenls /| D01 (GeVie')

m-like

Events/ | 001 (GeWe'f)
1] &
RARE
_+_
_1_
1
[
_‘: : | oH—

2026/5/21

Ei [ “: - (P'J L"P_ _?24:|:104
A ETIT S ST STl QV(T vy) =22.1+123
/.1 -1 O DS IS ] 015

ete” » D}D; » DID;

B(Df — ptvu) = (0.517 +0.075 + 0.021)%
B(D} — 77v;) = (3.28 £ 1.83 £ 0.37)%

+ BF (u* vﬂ BE: ~15.1%
« BF (t%v,) f8E:~56.9%
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D S ¢+v, (2021)

[i&%)%: 6.32 fb! @ 4.178 — 4.226 GeV

PRD 104, 05209(2021)]

w;W"Hu/\(@4 178 GeV):

g 8 & 8§ 8

8

Number of events/0.02 (GeV/c?)

D - . L N1 -kt 4
1 900 1920 1940 1960 1 980 2000 2020
M, (D3)(MeV/c?)

V,,| = 0.973 £ 0.012 + 0.015 + 0.004,
0.972 + 0.023 £ 0.016 =+ 0.004,
0.973 £ 0.009 = 0.013 = 0.004,

-

0

=02 -015 =01 -=0.05 1] 0.05 0.1 015 0.2
M2, (GeV/ic?)?

=249.8 £+ 3.0 £ 3.7+ 1.0 MeV,
2497 +6.0+4.1 £+ 1.0 MeV,
2499+24+34+1.0 MeV,

@ u-like (upper):
Erxnvice < 300 MeV, mixture
of D — 77 (— 770, v,
and D — ptu,

o -like (I ) o ZheE N &
m-like (lower): ) ) N
Egnie > 300 MeV, Eﬁ” D - ttv [
dominated of BEAS L : 5. 8%

Df — 77 (= 7T 0 v,

B(D) — pv,) = (0.535 4+ 0.013 + 0.016)%
B(D} — 7)) = (5.21 +0.25 + 0.17)%

| Ves | #65 E
— ,u+vu mmm) ~2.0 %
—— T+VT mm) ~2.9 %
mem) SMZR mmmm) ~1.7 %



D¥ > ¢tv, (2024)

[i&%)%: 10. 64 fb! @ 4.237 — 4.699 GeV

PRD 110, 052002 (2024) ]

B ALHE: ete” - Dy™D;™, Di — y(n°)Dy

Ngr: 124027 + 1121

Lo, Doy, ' ' Das [ DIy, ' Date
_ 60_Ds_>l.l Vu + Data 400 ::l:D;:F — Best fit 1501 —B.eslﬁl -
4 Lkt yk — Best fit Sl ] i
t:lh- ﬁDS DS :F — Signal i +++ Background _ 100 i
% - Background S 200 1%
& i T ol
® 40 LY AN ) R
= < )’ -
= i = : : : =
S - PR 1 £ sofoiogy. ' Data .
~ | 5 200F 4 Data 1 3 + :gml
3 FE — Best fit E [ - - DR ]
5 20 [ 150 — Signal -: EE 40 [D)ill_'ef“b’;:'?igmllud
> L o+ Background 1 - | | 4
= L 100} ' * . [ | iy
1 i | 0f |
B | 1 = s0F], -7t ] I Ly
L 51 % Fo= T - ==t -5 T ] d ] —;:;;/CY'-- 4 |
! I o L = A
-0.2 -0.1 2 0 2 0.1 0.2 00 05 10 15 20 02 00 02 04 06 08
M:. . (GeV7/cY) Eon' " (GeV) M2, (GeV¥cH)
Reference Data set b~ B(%) for | Ves| Stat
DI — utvy
PRD 108, 112001(2023) 7.33 D:DiT  0.5294 +0.0108 £ 0.0085 248.4 +25+2.2(c = 1.4%) 0.968 +0.010+ 0.009(c = 1.4%)
PRD 110, 052002 (2024) 10.64 D;*D:F 0.547 + 0.026 £ 0.016 2465+ 59+ 3.6(c =28%) 0.986+0.023 +0.014(c =2.8%)
D — 1hy
PRL 127, 171801 (2021) 6.32 D= DT 5.27+010x0.12 2511 +24+£3.0(c=15%) 0.978+0.009+0.012(c =1.5%) T — eTvelr
PRD 104, 052009 (2021)  6.32 DfD:T 521+025+0.17 2497 +6.0+42(c =29%) 0.9721+0.023 +0.016(c =2.9%) T = T,
PRD 104, 032001 (2021) ~ 6.32 D D;* 529+0.25+020  251.6+59+4.9(c =3.0%) 0.980+0.023 + 0.019(c = 3.0%) S'm“"a"”“s:f 8l vafiods enerdy paints
.

JHEP 09, 124 (2023)
PRD 108, 092014 (2023)

PRD 110, 052002 (2024)
2026/5/21

7.33 DIDLF
7.33 DI DT

10.64 D D:F

537+0.17+0.15
544+ 017+0.13

5.60+0.16 +0.20

253.4 + 4.0 +3.7(0 = 2.2%)
255.0 + 4.0 +3.4(c = 2.1%)

252.7 + 3.6 + 4.5(c = 2.3%)

0.987 £ 0.016 £ 0.014(c = 2.2%)
0.993 +0.015 + 0.013(c = 2.1%)

1.011+0.014 + 0.018(c = 2.3%)

T = uvir
7t — w5, with BDT
constrain the same BF

" = ut v, €t velr, Ty, 0

s
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BESIII D} iR NE RS

+ +
Ds = u™v,
PRL122(2019)071802 3.19fb™", 4.178 246.243.6+3.5 0.985 +0.014+0.014 252.943.743.6 5.4940.16+0.15 9.98 +0.52
PRD104(2021)052009 D;in 6.32 fb™", 4.178-4.226  243.74+3.0+3.6+0.5 0.9734+0.0124+0.0154+0.004 249.8+3.04+3.7%+1.0 0.535£0.013+£0.016  9.73+0.59+0.36
[
PRD108(2023)112001 7.33 fb™", 4.128-4.226 242.5+2.5+1.940.5 0.968 +0.01010.009 248.4+2.5+£2.2 0.5294 +0.0108 +0.0085 10.05+0.35
PRD110(2024)052002 DS*'"D;‘_ 10.64 b, 4.237-4.699 246.5+5.9 +3.6 £0.5 0.986 +0.023 +0.014 246.5+£5.91£3.6 5.47 £0.2610.16 10.24+0.57
+ +
DS -t
PRD94(2016)072004 D;‘ S_ tt -ty 0.482 fb™", 4.009 = = 241.0+16.3%6.5 4.83+0.65+0.26 9.76
PRD104(2021)032001 Tt - 1T+7TO17T 6.32 fb™', 4.178-4.226 2448 + 5.8 + 4.7 0.9801+0.0231+0.019 251.61+5.9+4.9 5.2940.2510.20 9.8910.71
PRD104(2021)052009 tt >ty 6.32 fb™", 4.178-4.226 243.045.8+4.0+1.0 0.972+0.023+0.016 249.746.0+4.2 5.21+0.25+0.17 9.73+£0.59+0.36
PRL127(2021)171801 D;iDS$ Tt > ety v, 6.32 fb™', 4.178-4.226 244442.342.9 0.9781+0.00910.012 251.14+2.443.0 5.271£0.10£0.12 9.7210.37
PRD108(2023)092014 >ty 7.33 fb™", 4.128-4.226  248.34+3.9+1.0+1.0 0.993+0.015+0.012+0.004 255.044.04+3.2+1.0 5.44+0.17+0.13 =
JHEP09(2023)123 Tt > y+vﬂ17r 7.33 fb™", 4.128-4.226  246.7+3.943.6 0.987+0.01610.014 253.4+4.0+3.7 5.37+0.17£0.15 9.89+0.50
PRD110(2024)052002 DS”""D;‘_ All T+ modes 10.64 fb™", 4.237-4.699 252.743.6+4.51+0.6 1.011+0.0144+0.018+0.003 259.6+3.71+4.61+0.6 5.60+0.161+0.20 10.24+0.57
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o =0.21%
og=1.4%
o =0.9%

Bas R

m Precisions of |V¢s| and |V 4| from BESIII results: 0.21% and 1.2%

2026/5/21

CKMfitter Phys. Rev. D 110, 030001 PDG 0.97349+0.00016 - . , _ )
HFLAV23 arXiv:2411.18639 Average 0.9691:0.0043 e CKMfitter PRD110,030001  PDG 0.22486+0.00067 .
CLEO I’Im Rev. D ?*) 052001 D - .u vu 1 000+0 040+0 016 = HFLAV23 arXiv:2411.18639  Average 0.2240+0.0028 "l
BaBar Phys. Rev. D 82, 091103 D — p*v, 1.032+0.033£0.029 2 |
Bell JHEP 09 139 D — v, 0969+0 026+0 019 (]
g o wrmmsntmsmened | CLEQN  PRD80,032008 D — me*ve 0.234+0.007+0.002 e
CLEO I’Ins Rev. D 79, 052002 Dy = 1], .vr 0931+0 044+0 021 e
CLEO Phys. Rev. D80, 112004 DS = 77, ve  1,0014£0.052£0.019 = BESIII PRL 124231801 D = ny'v, 0.242+0.022+0.006 ——
CLEO Phys. Rev. D 79,052001 D, — r;%vr 1.079+0.068+0.016 —e—i
BaBar Phys. Rev. D 82, 091103 D] — 12 .ve  0,953+0.033+0.047 H=H . o
Belle JHEP 09 139 D = 10y poVeLOI7E0.01950.028 ok BESIL - PRO92,072012 D"~ n7etve  0.227810.003420.0023 ¥
Bl:,"ll][ dr\n 2601 ’1[9& D— K{ Ve ll 9608+ll 0(1094‘0 0[)19 . BESIII PRD 96, 012002 D = ne‘v, 0.2243+0.0058+0.0026 [
BESIII Phys. Rev. D 110 112006 p — Ky,  0.962310.0015+0.0043
BES[II Phys. Rev. Lett 129, msum - Ae Ve 093ﬁ+0 0|7+0 024 HeH
BESIII PRD 89,051104 D7 = iy, 0.2165+0.0055+0.0020 el

BEQIII 1|] ﬁqfh 1Phys. Rev. D 110, 052002 D oy v,J 0.986+0.023+0.014 ol
BESIII 7.33fb"' Phys. Rev. D 108, 112001 D, — ﬂ Vu 0.968+0.01010.009 W BESIII PRL 123211802 D" -1} vy 0.238+0.024+0.012 ——a—t
BESIII 6.32fb‘1 Phys. Rev. Lett 127, 171801 5 T, vw:vr 0.978+0.009+0.012 ]
BESIII 7.33fh" JHEP 09124 Di = 10,00 0.987£0.016£0.014 1 . .
BESIIL 7.33fb" Phys. Rev. D 108,092014 D] = 17 v 0.993+0.015+0.013 1 BESIIL  JHEPOL 089 D" —roove 0.21640.01240.006 —
BESIII 6.32fh" Phys. Rev. D 104, 052000 D, — ToaYe 0.972+0.023+0.016 ] , _ . "
BESIII 6.32fh" Phys. Rev. D 104,032000 D) = 12 ve  0,980+0.023+0.019 b BESI PRL LIS, 061801 D7 = v 0.2265+0.0023+0.0011 |
BESIII 10.64fh -1 Phys. Rev. D 110, nonu.. DI = tv, 1 0|1+(] 0|4+0 013 -
BESIIT ‘Combine Crtve o 0.9892+0.0060+0.0071 « | |BESHI  NatCom.16.681 A7~ ne've  0.208+0.011+0.007 et
BESIII Combine £V, U¢982l)ir|lli0052illi0l)7l .

Ty N sy W (NN TN ST Tl (NN Y T s s Ml sty e s W TN T SN SN SN M A O SN S SN AN S SO N A

-1 -0.5 0 0.5 1 -0.2 -0.1 0 0.1 0.2
v, v

o =1.8%
o =1.2%
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m Precisions of measured fp+ and fy: from BESIII: 1.2%, 0.9%
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| | | | T | I I | | | I | I | | | | | | | |
FLAG21(24141) Eur. Phys. J. C 82, 869 212.1+0.7 . FLAG21(24141) EPJC 82,869 249.9+0.5 .
FMILC(2+1+1) PRD Y8, 074512 249.9+0.4 -
FMILC(2+1+1) PRD 98074512 212.7+0.6 . ETM(2+1+1) PRD 91, 054507 247.2+4.1 fad
HFLAVZS arXiv:2411.18639  Average 252.2+2.5 [
FMILC(2+1+1) PRD 90, 074509 212.6+0.4 . CLEO " bRD 79, 053001 Dr e e A0 204 et
BaBar PRD 82,091103 D] — u'v, 264.9+8.4+7.6 H——H
ETM(2+1+1) PRD 91, 054507 207.4+3.8 [} Belle JHEP 09 139 D! = u*v, 248 8+6 6+4 8 il
> i :2 2 D;“m"““:“” o g
HFLAV23 arXiv:2411.18639  Average 205.1+4.4 b CLEO PRD 79, 05200 s = Touveit 251 8+11 2+:.3 ——a
CLEO PRD 80, 112004 D; — TV 257.0+13.3+5.0 ——
BaBar PRD 82,091103 D — 7. V¢ 244.6+8.6+12.0 —a—i
CLEO PRD 107,052008 D* — p*v, 207.2+8.7+2.5 —— Belle ,llll P 09139 D; - TEA - nd"r 261.1i4.8i7.2 H-+H
BE‘iIII 10 64fh T PRD 1 110, 052002 D o 253 2_6 1+3 7 e
BESIII 2.93fb"  PRDS9.051104 D" = pvy 2042653417 bed BESII 7.33fb"  PRD 105112000 D] = p'v,  248.442.5422 bl
BESIII 6.32fb"  PRL 127171801 DJ — 7. ovi  251,142.4+3.0 ol
BESIII 2.93fb" PRLI23.211802 D" — 1. ve 224742254113 H——s——H | (BESIII 7.33fh"  JHEP 09 124 Dy =15, Ve  253.4+4.0+3.7 [
BESIII 7.33fb™ PRD 108,092014 D] — 1), v: 255.04+4.0+3.1 22 |
. . BESIII 6.32fb"  PRD104,052009 D —= 1., v, 249.7+6.0+4.2 [
-1 Ay q - Tt vr
BESIII 7.93fp"  JHEP 01,089 D=1l ve 204111415 H—e—iH BESIII 6.32fb"  PRD 104032001 D] = 1/, v: 251.6+5.9+4.9 H-=—H
BESIII 10.64fh"  PRD 110052002 D — 17v, 253.246.1+3.7 (B
o =1.2% |BESIII 20.3fb"! PRL135 061801 D" - u*v, 213.5+£2.1+2.5 L BESIII (mnlnm v, 253 93+1 54+l 82 M
BESIII Combine 7 252.08+1.34+1.82 2]
| | | | | | | | | | | | | | | | | | | | | | | | | |
0 100 200 0 200
f . (MeV) f . (MeV)

o =0.9%
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BESIIZ; R X CKMAEFETT|V o5 (g

BESII

D'=nu'v,

PRL 124, 231801
0.242+0,022+0.006
ik 0.6% (w=1,924)

BESII

A —ne'v,

Nat. Com. 16, 681
0.208+0.011£0.007
&k 2.0% (w=5,882)

BESIII

D' —rfety,

PRD 96, 012002
0.2243+0.0058+0.0026
&k 8.2% (w=24,752)

BESIII
D%—retv,

PRD 92, 072012

0.2278+0.0034+0.0023
&k 19.7% (w=59,347)

6.3%

BESIII %2 T {E
(D—nkv)

PRD92 D*rev

19.7%

BESIII 2.93fb™1
D*ﬂfn‘,gvr

PRL 123, 211802
0.238+0.024+0.012
=k 0.5% (w=1,389)

|Vcd|

BESII 7.93fh !
.D"—ﬂ'*,.,.ﬂ;\rr

JHEP 01, 089
0.216+0.012+0.006
it 1.8% (w=5,556)

(BEFEFHMEE?)

BESIII 20.3fb!

D'=u'v,

PRL 135, 061801
0.2265+0.0023+0.0011
ik 51.2% (w=153,846)

PRL135 pv
51.2%

BESIII 4642 T {E

BESII 2.93fb!

D*—’,u“vu

PRD 89, 051104
0.2165+0.0055+0.0020
Bk 9.7% (w=29,203)

£ K TTER

BESIII 7.33fb1

D54y | Vs |
PRD 108, 112001 BESIII
1.84% (w=5521) .4% -
\%ﬂ!ﬁzﬁﬁ D-’KFLVZ
BESIII 6.32fb™! arXiv:2601.21196

75.39% (w=226464)

D =17v v,
PRL 127, 171801
1.48% (w=4444)

BESIII 7.33fb1
DS =1y, Bzl

H%$3.48%
100%
(BFEFBEE?
[ ]
1.8%
BESII 32 T {§

(D — Kév)
BESIII BESIII
D—Ke* Vp Ac+_)Ae+Ve
PRD 110, 112006 PRL 129, 231803
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BESIIE RN HERFE S p  HITTHR

Hthscie
CLEO
D —u’v,, PRD 79, 052001
+ + 0
BivE 256.7+£10.2+4.0 MeV 2.3%
0,
0 BT RRHEE?) : D"y, PRD 82, 091103
BRREE?
(EFBTRER) 264.9+8.41+7.6 MeV 2.1%

Belle
Ds*—u’v,, JHEP 09139

1.5%

BESII 4% T{E 248.8+6.61+4.8 MeV 4.1%

(D*—=p/v) CLEO

DS*—=1"v,, PRD 79, 052002
251.8+11.2+5.3 MeV 1.8%

H{thseig

CLEO
D+_m+v}u CLEO / BaBar / Belle
PRD 107, 052008

207.2 + 8.7 + 2.5 MeV DS —1'v, BRI
ikt 8.5% ait 6.2%
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AR B A DNERSEA Y ?

O KIEHEREHRL

HAI~1%, #EHE~0.1%ERERE~10F > TSEE 5

(

@ FHiEA RS

|Vud|*+|Vus|*£2-36fR{E; |Ved| @it fR{E~20 — T4 KA ?

~N

(3 LQCDHEHitG L

fo+r fo HETES-105FEER~01%KEHE — LB ER E

@ BRFSEMRY

RA /T M~3 %3 E]~1% — I S BSMAEA]

Y4

® FEIR

it RIEE R — WIS F(H"+, Leptoquarkss)
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FHEEAENE, BIEH

WU !
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FHR?

"
D AlEBBIHYA Tag &
Belle I &4 T FEIE A, BESHMHEATLLA.
\_ YV,
<
(2) A5 BI A &R IR AR
Al W R N EHE IR Z, Al H T4 08, JTHETE. )
(3 ALBBI ARG IR =0T
ALGBIFIMCIEIE, FEAMBFRARF R E.
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BT ?

4 )
(1) STCF (1 ab™! at 3.773/4.009 GeV )
Ves(d) MI%IRFI~0.1%:  frx MI%RH£1~0.1%: RY* 8% IR B FI~0.4%; R/ M3%H B F~0.4%. )
\ S
4 )
(2 Belle I1 (50 ab—! at Y(nS))
RY/* 8% R B1~0.4%;  RE/™ 3% i £~0.4%.
\. J
(3 LHCb
Run 15045 () AR MR, X Ves/Ved Rl S 4G E 7]1K£0.2% (prospect); 4% I =BT Hi%T .
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Thank You

Y P 1 - 25110 2]
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