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@ BESIII experiment
© Leptonic decays

© Semileptonic decays
@ Charmed D meson
@ Charmed A} baryon

@ Comparison of |V, |Ves|, fp+, and £(0)

© Summary and Prospect
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X is a multiplicative factor due to isospin

Decay constant fD(+) and FF 7.(0) measurements=-Calibrate LQCD calculations

|Veqg| measurement =Test CKM matrix unitarity
Branching Fractions B,, /., /,= Test lepton flavor universality (LFU)
Rare decays = Search for new physics effects beyond the Standard Model

Ac =As the ground-state charmed baryon, despite over 40 years of study, remains
incompletely understood, yet its semileptonic decays provide crucial insights into both

strong and weak interactions.
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BESIII dataset

Data for charmed meson(D°, D*, D7) studies:

Data sample Ecrn (GeV)

Year and Liy; (fb~ 1)

Total Liy (fb~T)

Single tag yields (x10°)

2010-2011: 2.93
2021-2022: 4.995

Dt ~1.61; QO ~2.47
Dt ~2.66; D° ~4.12

ete” 5 y(3770) > DD | 3.773 2022-2023: 8.157 203 D+ ~3.84; D° ~6.76
2023-2024: 4.191 Dt ~2.29: DO ~3.51
ete” — DFD:T 4.128-4.226 - 733 D7 ~0.8
ete — DItDr 4.237-4.669 - 10.64 Dy ~0.12

Data for charmed baryon(AY) studies:

@ 0.567 fb~1@ 4.6 GeV in 2014;

@ 3.9 fb™1@ 4.61 - 4.70 GeV scan data in 2020-2021;

@ 1.9 fb~1@ 4.74 - 4.95 GeV in 2021-2022;
@ Totally 6.4fb—! data from 13 energy point, 1 million pairs
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Analysis method

@ ete™ annihilations data near threshold

=Double-tag method& Clean environment

{ /Hadm"s @ Undetectable neutrinos=-extract the (semi-)leptonic signals
Ve Uniss = Emiss — |Pimiss |, M2iee = B — | Binice]
e ] / ® o Branching fraction with double-tag method: B = NSTQ}’)%
7D =-Systematic uncertainties on the ST mostly canceled
r iv, @ Deep learning method=-Powerful Pattern Recognition;

Rigorous Validation; Event-Level Topology Analysis.
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Publications

Charmed D meson decay:

Topic Channel Lint (F071) / Ecm (GeV) Reference
DY bty DT — utu, 20.3 / 3.773 arXiv:2410.07626
Dt — tty, 7.9 /3773 JHEP01(2025)89
D — uFu, 7.33 / 4.128-4.226 PRD108(2023)112001
DF bty Df — mhvr (1 — ptyuiy) 7.33 / 4.128-4.226 JHEP(2023)124
s Df — ttu, (17 — T ,) 7.33 / 4.128-4.226 PRD108(2023)092014
D — (typt=porr 10.64 / 4.237-4.699 PRD110(2024)052002
DHO) s prty, D:> Ke;rig,f =eorpu 7.93 /3.773 PRD110 (2024)112006
Dt —ytty, l=eorp 20.3 / 3.773 PRL134(2025)111801
D¥ — K%t v, 7.93 / 3.773 JHEP10(2024)199
DHO) s Vi, g; — 5(07710”:”“ 7.93 / 3.773 PRL134(2025)011803
— K1~ et v, 7.93 / 3.773 JHEP03(2025)197
D — nOn—etv, 7.93 / 3.773 PRD110(2024)112018
DHO) s Sy, gz — 1‘0(500)41:111,[ =eorp 2.93 /3.773 PRD110(2024)092008
— a0(980)e ™ v, 7.93 /3.773 PRD111(2025)L091501
D — b (1235)e v, 7.93 /3.773 arXiv:2407.20551
D — Alty, D — Ki(1270)utw, 7.93 / 3.773 PRD111(2025)L071101
D — Ki(1270)e* ve 20.3 / 3.773 arXiv:2503.02196
DI — Plty, DF — Dy, 7.33 / 4.128-4.226 PRL132(2024)091802

@ P, S, V, A represent pseudoscalar, scalar, vector, and axion mesons, respectively.
Charmed A} baryon decay:
Nat. Comm. 16, 681(2025)

A = netu,
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https://arxiv.org/abs/2410.07626

Leptonic decays
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Precision measurement of the branching fraction of D* — u*v,

Reference L (fb~1) | BF(x107%) fp+ (MeV) [ Ved| Precision (%)
CLEO, PRD78,052003 | 0.818 | 3.82(32)(09) | 207.1(87)(24)(08) | 0.2195(92)(26)(09) 44
BESII, PRD89,051104 | 2.93 | 3.71(19)(06) | 204.1(52)(17)(08) | 0.2164(55)(17)(09) 2.7

BESIII, arXiv:2410.07626 | 20.3 | 3.981(79)(40) | 211.5(21)(11)(08) | 0.2242(23)(11)(09) 12 %
[+Data | T ‘ ]
600 |-—All PDF arXiv:2410.07626/
— | --Signal PDF
3 —All background Nsig = 2890 £ 57]
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Measurement of the branching fraction of D™ — 7Fv, via 77 — 710,

Reference L (fb~1) [ BF(x1073) fo+ (MeV) |Ved] Precision (%)
PRL123,211802 2.93 1.20(24)(12) | 225(23)(11)(01) | 0.238(24)(12)(01) 11
JHEP01(2025)089 | 7.9 | 0.99(11)(05) | 204(11)(05)(01) | 0.216(12)(06)(01) 6.1 %
m—like: Emnic > 300MeV p—like: Egnic < 300MeV
2’:100— —3— Data 2’:
K Total Fit 2
2z 80 D' TV, T T, >
A )
S 0l — oo g
S [ D' K S
% 40__ : g:: ?’\Z T non 'V, ‘2
g [ = Smooth bkg ?
= 20' =
: A
0 e

0 0.2
M2, (GeVicy?

0 0.2
M2, (GeVic)?
o LFU test:

2 (1em? /m2 2
Resn = Tt srins [Tt spin, = 249 % 0.31, consistent with RS), = ZU-"2/"p:) _ 5 69
" mM(l mu/mD+)
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Df — tvy (0 =pt,77) via ete” — DI DI~

Data: 10.64 fb~1 4.237-4.669 GeV

PRD110(2024)052002
Ngt = 124027 + 1121
PN PR { + Data
'i : :él:ig“:lfz:ound
S wl
2 [
Lid s AT ) > =
0.2 0.1 0 0.1 0.2
M2, (GeVZ/ch)

@ Npr =507 + 26
@ B(DF — ptv,) = (0.547 + 0.026 + 0.016)%

® fp+ |Ves| = (246.5 £ 5.9 + 3.6 & 0.5input)
MeV

Simultaneous fit to the ESXU®Y and M2,

DoV,
o t Data
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@ Npr = 2845+ 83
® B(D; — 7tv,) = (5.60 £ 0.16 + 0.20)%
® foi|Ves| = (252.7 £ 3.6 % 4.5 % 06100 ) MeV

@ R(7r/un) = 10.24 £ 0.57, consistent with the SM
(9.75-0.01) within 0.9
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Summary of leptonic D, decays

T T T T T T 1 T T
CKMFitter plep2022002083c01 | Il

HFLAV21 PRD107(2023)052008 0.9701:0.0081

Efveh Proolothosalor
FMILC(2+1+1) PRD98(2018)074512
FLAG21(2+1+1) E} 022)869

CLEO PRD79(2009)052002, 7,v 0.981:0.044:0.021
PRD107(2023)052008

gf::g"“ IRI)7912‘009H;-\Z!)UZ CLEO PRDS0C2009)112004, <, 10012 019

CLEO PRDB0G0001 1300, CLEO PRD79(2009)052001, 7,v 1079:0.068:0.016

CLEO PRD79(2009)052001, BaBar PRDS2(2010)091103, <, 0.953£0.033£0.047

BaBar PRDS2(2010)091103, <,
Belle JHEP09(2013)139,
BESI 632 b PRD104(2021
BESII 6.32 ! PRD104(2021)032001,
BESIN 6.32 1 PRLI27C02DI7IS0L, v
BESIII 7.33 fly! PRD108(2023)092014, ©,v
BESII 7.33 fby! JHEP09(2023)124, 7,v 2
BESIII 10.64 fb' PRD110(2024)052002, v, "D’

-
-
—
ot
Belle JHEP09(2013)139, ., » 1.017+0.019+0.028 o
BESIN 632" PRD104(2021)052009, 7,v 0972£0.023£0.016 1ot
BESIII 6,32 fy)  PRD104(2021)032001, 7, 0.980£0.02340.019 et
PRLI27(2021)171801, <, 0978£0.009+0.012 W
PRD108(2023)092014, 7,v 0993:0.016£0.013 W
-
-
-
Vot
.
—
"
-
-
-

BESII7.33 " JHEP09(2023)124, 1,v 0.98740.016+0.014
BESIII 10.64 fb! PRD110(2024)052002, ©v, D "D, LOT10.014:0.018

BESIII 0.482 fb! PRD94(2016)072004, 2455417 8tft——t ;:::: ;’ﬁ:;;;ﬁ::‘ll:»:x;ﬂl::i ::t }T"ﬁoﬁgig
PRD79(2009)052001. 256.7410.244.0 +—— D32(2 3, 032£0.033:0.
BaBar PRDS82(2010)091103, 264, .6 r— Belle JHEP09(2013)139, pv 0.969+0.026+0.019
Belle JHEPOS2013)139, v 8 Hett BESIII 0.482 fb" PRD94(2016)072004, v 0.956£0.069+0.020
BESIII 3.19 fiy! PRL122(2019)071802, pv 6 e BESII3.19f!  PRLI22C2019)071802, uv 014£0.014
BESII 6.32 b PRD104(2021)052009, v .9 weu BESIII 6.32fb"  PRDI04(2021)052009, v 01240015
BESII7.33 fb! PRD108(2023)112001, pv 2 BESII7.33 ! PRDI0S(2023)112001, v .010:0.009
BESIII 10.64 b PRD110(2024)052002, 11y, DD, 253, 7 - BESIII 10.64 fiy! PRD110(2024)052002, | .023+0.014
BESII Combined v 253 93+1.54+1.82  w BESIII Combined ™ 0.9892:£0.0060+0.0071 +
“ﬁ““ Combined =+ BV | "”t‘l«l 82 W 0=09% BESIII Combined T+ 1 0.9820£0.0052:0.0071 + 0.99
0 Il Il Il Il 100 Il Il \ 200 Il Il Il Il L L L ‘ L . ) . ) ‘
-1 0 1
f, MeV
v; (MeV) IV

@ Averaged BESIII results, precisions of fp, and |Ves|: 0.9%
@ B(Df — ptv,) = (0.5310 £0.0099 4 0.0053)% and B(D; — 77v;) = (5.359 £0.067 +0.074)%
R(r/u) = 10.09 £ 0.28 (o ~ 2.8%), consistent within SM (9.75:£0.01) 1.2¢
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Semileptonic decays

13/35



Improved measurements of D° — K~ ¢*v, and Dt — K%*y,

Events / (0.004 GeV)

@ Phys. Rev. D 110, 112006 (2024)
@ 7.93 fb~'data sample @3.773 GeV

10°

104 -

10?

10°

F D' K'e'v,
¥¥mdf=1.7

DK WV,
lendf—l 4

FD'—> ng"ve
E ¥ndf=0.7

+D'> Kgu"vPl

E Ymdf=1.1

nuss

GeV)

B(D® — K etve) =
B(D® = K~ utv,) =
(3.419+0.011 4+ 0.016)%

B(D" — K°"v.) = (8.864-0.039+0.082)%
B(DT — K°utv,) =

(8.665 =+ 0.046 + 0.084)%

LFU test (SM: 0.975+0.001) ~consistent
B(D° K~ ptv

W = 0.971 £+ 0.004 £ 0.006
B(D*—=K°utv,)
B(DT—KOetve)

(3.521+0.009+0.016)%

= 0.978 + 0.007 £ 0.013

Isospin test ~consistent
r(D° =K~ etve)
(Dt =K%t ve)
r(D° =K~ utv,)
(DT —>Koutu,)

= 1.000 £ 0.007 £ 0.012

= 0.993 +0.008 £ 0.012
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https://doi.org/10.1103/PhysRevD.110.112006

Improved measurements of D° — K~ ¢*v, and DT — K%y,

-
=
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@ L D° d 4
B * batacery, © swork 15 (© D decay
o Data:K e*v, 151 o
> —Ke'v, . LQCD calculation
o] Rev, ~ LQCD uncertainty 3
o 501 4 = b3
g Py 2 gL T
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B L D* d i
< 80 QD:&:?’,X‘V‘ @ This work 151 (® D"decay
5 T RamR v, L5- LQCD calculation 1]
2 60 —K'wv, - LQCD uncertainty . | \
" Z §
£ a0 e = ]
=20
<
.
O_z( 0..,‘

5 1 15 5 1 015 1 15
¢ (GeV/ct) @ (GeV/ct) Q2 (GeV?/ )
@ FNAL/MILC Collaboration: f(0) = 0.7452(31);
|Ves| = 0.9589(23)ExP(40) QP (15)EW(05)5/B[95] €0 Phys.Rev.D 107.094516
@ BESIII Collaboration: f+K(O) = 0.7366 £ 0.00114a¢ £ 0.0013gy¢;
|Ves| = 0.9623 & 0.001544,¢ & 0.00174ys¢ £ 0.00401.qcp
@ Experimental uncertainties of £%(0) and |V,|: 0.23%

@ Additional uncertainty of the input £,%(0) calculated by LQCD: 0.42%
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.094516

First study of D — 1/¢*v, decay dynamics

Data: 20.3 fb=1@3.773 GeV PRL134(2025)111801

=

Events/ (0.016 GeV)

100F T PR S FVa s
- ity — Dat * _ ety —+Daa £ —Thiswork --ccoM (1] (c) r D' eV, D'y
oof- O~ MWV T paaiie P Te€Ve _ patafit Cetowe ey @ 101~ Thiswork + Thiswork |
- DT CSR[8] -~LCHO [10] L © CCQM [1] & CCQM [1]
gA n‘"‘n" Other background ot F occoMi s ccoMi 3
e osf || Sicsm wromig
«un Other background o 4 LCSR[g] 1
F [ +RQM [9]
. S o6k i LCHO10] E
O 0 e, ® ] oo, @ - I
S | Zoaant [ — S prediction 1 E
2 4
Sodf 1. 04
3 o r
02 = o02f-
o

0002 04 06 0204 06 O 0

0. 00’ 2 4
@ (Gev?ict) B(D'-n'T'v) (x10
|

@ First observation of Dt — ' u*v, with significance of 8.60
B(D* — n'uty,) = (1.92 +£0.28 £ 0.08) x 107%;
B(D" — n'etve) = (1.79 £0.19 £ 0.07) x 10~*

@ First extraction of the FF of D* — 1/0*1,: £ (0) = 0.263 4 0.025 4 0.006
® LFU test: R, =1.070.19 +0.03

[ r
@ 7 — 1’ mixing angle: ¢p = (39.8 + 0.8 £ 0.3)° (cot* pp = o ety /Tog ity )

rD+~>7],f+ vy /rD+~>n[+ vy
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D — K°r%etv, and D° — K—7%utw,

D" — K°r%e*v. JHEP10(2024)199 D° — K~ 7°utv, PRL134(2025)011803
) A e ™ C L 0.2 0. “MH,&;eV/J] 1z T4

2

Events/ (0.06 GeV¥/c)
) 8
5 8 &8 3
-
<
L
O
!
Events/(0.08 GeV“/¢t)
o
~
(o))
Ll

Events / (0.32)
Y § |
nts/(0.13)
]

= 0.09 £ 0.03
- 0.06 + 0.02

48 + 0.05 + 0.02 n =1

.70 +£0.04 £ 0.02

Events / (0.10)

Even

@ Based on the 7.93 fb~! dataset, the first measurements of branching ratios and form
factors.
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DY — K%~ etv, and D° — 7% etu,

0 . KO_— +
D™= Kimetve JHCEPO3(2025)197 D° — 707~ ety, PRD110(2024)112018

S 00|

fir

©02-01 0 01 02 02040608 1

Unes (GoV) My (Gevic) ¢ (GeVch)
600 @| 8 @] o
s -
= = E
S 400 5 e0q & 00 m
5 Saoof s 2
& 509 Wl @ g 200
200) w
05 0 05 5 0 05 R
cosf,, cosb % (radians)

ry = 1.48 4+ 0.05 + 0.02
r, = 0.70 & 0.04 £ 0.02

r, = 0.823 +0.056 = 0.026

@ Data: 7.9 fb~1@3.773 GeV
@ B(D° — K1~ etv,) = (1.444 £ 0.022 4 0.024)%,B(D° — K*(892)"e*v,) =
(2.039 £ 0.032 £ 0.034)% ~statistical precision within 2%!
@ B(D° — p(770)"eTve = (1.439 £ 0.033 4 0.027) x 103 ~precision improved 1.6 times.
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D* — £,(500) (77 )¢ v, and D° — 20(980)~ (n7~)e* ve

Phys. Rev. D 110, 092008 (2024)

: 2411.07730

o
S

@
=]

o

Events / (0.03 GeV)
S

Events / (0.04 GeV/@ )
o

o
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> 10°F ot e e
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= 10°F =0
I < 10
2 2
z + £
5 10g ¢ ERT)
2 L a

1 . 1 \

0.5 1 1
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- Lesra0 7
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3 3
B(D'—a,(980)e'v, ) (x107)

@ First form factor measurements based on 2.93/7.93 fb=! data: Understanding light scalar

mesons f5(500) and ap(980).
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D — b1(1235)e" v, and D — K;(1270)u* v,

arXiv: 2407.20551

Event/ (40 MeV/c?)
Event/ (10 MeV)

Event / (40 MeV/c)
Event / (10 MeV)

D — b1(1235)e* v,

@ First observation of D® — b;(1235) " e™ v
and evidence for D — b;(1235)%e "1, (7.93
fb1)

@ B(D° — b1(1235) " etve) x B(b1(1235)" —
wr™) = (0.724+0.18%9%) x 10~*

@ B(DT — b1(1235)%eTve) x B(b:1(1235)° —
wr®) = (1.16 +0.44 £ 0.16) x 10™*

Events / (5.0 MeV)

Phys. Rev. D 111 LO71101 (2025)

D'LK ) },L*vM D'SK7 u*v
[ @ Data
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~BKG LI
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S

0 0E = —
-0.10 —0 05 0. 00 0. 05 010 -0.10 -0.05 0.00 0. 05 0.10
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mlss miss

D — Ki(1270)pt v,

@ First observation of

D — K1(1270)u"v,(7.93 fb~1)
e B(D° — Ki(1270) ptv,) =

(0.78 £0.117395 +0.15) x 103
@ B(D" — Ki(1270)ptv,) =

(2.36 £0.20%7% +0.48) x 103
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First amplitude and angular analyses of D — K;(1270)e* v,

)
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— Total fit
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100)

Events / (5 MeV)
2
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+ 50
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@ Data: 20.3 fb~1@3.773 GeV [arXiv:2503.02196]
@ First determination of the FF of D — K1(1270)et v, — extract the 6
0 ra=(-11.24+10409) x 1072 ry = (—43+£1.04+24) x 1072
o fp, iy (1270) = fDg—kya SIN Ok + fp Ky COS Ok
@ The BF ratio of the two dominant components in the K1(1270) decay to be

B(Ki(1270)—»K*m
Bk = (20.3+21+8.7)%

@ The angular analysis yields an up-down asymmetry .Aild =0.01£0.11
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First study of D} — n)utv, decay dynamics

nts/ (0.013 GeVY/c¥)

02

g 02 [ B - e R O R}
MM (GeV/eh) MM (GeVc)

@ Data: 7.33 fb71©4.128-4.226 GeV [PRL132(2024)091802]
@ The precision of branching fractions improved by factors of 6.0 and 6.6 compared to the

previous best measurements.
FFs of DS — n(")u*v,: £(0) = 0.465 + 0.010 + 0.007," (0) = 0.518 + 0.038 + 0.012

LFU test: RZ/e =0.991 £ 0.029 £ 0.016, Rzl/e =0.988 £0.082 £ 0.031

The forward-backward asymmetries are determined for the first time:
(Alg) = —0.0059 + 0.031 £ 0.005, (Ally) = —0.0064 + 0.079 £ 0.006.
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Channel Lint (F671) / Ecn (GeV) Reference

DT = etu, 20.3 / 3.773 CPC49(2025)063001
Dt =ty b =eor p 6.32 / 4.178-4.226 PRD110(2024)012003
D — Pnetve, P =1n,K 7.93 / 3.773 PRD110(2024)112001
D — nVetw, 7.33 / 4.128-4.226 PRD108(2023)092003
D — K%tr, 7.33 / 4.128-4.226 PRD110(2024)052012
D} — Petve, P=n), KO | 10.64 / 4.237-4.699 | PRD110(2024)072017
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https://arxiv.org/abs/2501.04760
https://link.aps.org/doi/10.1103/PhysRevD.110.012003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072017

Observation of A7 — ne®v, with Deep Learning

@ Unobserved Al CS transition: The ¢ — d{*v, decay mode has never been
experimentally observed; Nat. Comm. 16, 681(2025)

o Experimental Challenges: The process is complicated by two missing particles (the
neutron n and neutrino v), as well as extensive background from A — A(n7®)¢ty;

@ Novel Deep Learning Approach: Deep Learning method is employed to effectively
separate the signal from the dominant background;

@ Cross-Check on B(A} — AeTv)

140 140
i Data t Daa
120f  (a q 0f (b b
@ W A ey, ®) W A e,
;lm 0 A; - Aetv, 1 .:IOO I Az - Aev,
= I Other A decays S s Bl Other A; decays
gt 1 g
= 40 )
20 9 20
; } ; s
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3 3 .
S o bbb dgbettin it b b b S o Bagbertbibobspobetshebb bttt a4
£3 Y (M P L LI 53 prepitgsaity ettt attal
a - i
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GNN output for n/A classification GNN output for /A classification
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bservation of AT — ne*v, with Deep Learning

Nat. Comm. 16, 681(2025)
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Comparison of |V,y|, |Ves!|, fp+, and

f+(0)




Comparison of |V4| and | V|

@ Based on analyzing the dynamics of SL decays, one can obtain the product of £ and [Veas)!-
The form factor £|V.q(s)| (M denote a meson) can be extracted from a fit to the measured
partial decay rates in separated g? intervals. Taking the value of | Ves(ay| from the global SM fit,
or that of fM(fp) from the lattice quantum chromodynamics calculation as input, the f(fp) and
| Ves(a)| can be determined.

D — metve

Dt — nltuy,

Ds — K%t v,

Dt — £+Dg

NS — neTre

Skmiter pod | | 1 0224s8:000067 - | 1) CKMFitter PDG 0.97349:0.00016 .
PRD107,052008 . . 3
HFLAV21 PRD107,052008  0.2208+0.0040 I HFLAV21 0.9701+0.0081
o CLEO PRD80,032005, Ke'v,  0.9648+0.0090+0.078 ——
CLEO PRDB80,032005°e"v, 0.2381:0.0066£0.0025  |m 0
BESIII PRD92,112008, Kle'v,  0.977+0.008+0.016 -
BESIII PRD92,072012,1e’,  0.2278+0.0034:0.0023 K o _
BESIII PRD96,012002, Ke'v,  0.946+0.005:0.016 " D Ké“f’l,l
BESIIl_PRD96,012002 7'V, _0.2243+0.0058+0.0026 % BESIII PRD92,072012, K'e",  0.96240.0034£0.0062 .
BESIII PRD97,092009,ne’v,  0.2264+0.0338+0.0318 H——H BESII PRL122,011804, K'u'v, 0.9572+0.0050+0.0057 il
BESII PRL124,231801,01V,  0.242+0.041+0.034 [raS— BESIII PRD110,112006,KI", 0.9623+0.0015£0.0043 '
BESIII PRD110,052012,K ", 0.238+0.018+0.036 ot BESIII PRL122,121801, ne'v, 0.900+0.020+0.057 ——
. BESIII PRD108,092002, ne'v,  0.91340.0140.057 ——
BESIII PRD89,051104,u'v, 0.2165+0.0055+0.0020 ™ ,
BESIIl PRL132,091802, np'v,  0.911+0.020+0.057 = Ds — 77( )gﬂ,é
BESIII PRL123,211802,1v 0.238:0.024+0.012 — -
BESIII PRL122,121801, n'e’v,  0.9030.060+0.077 ——
BESIII JHEP01,89,T'v, 0.216:0.012+0.006 B BESI PRD108,092002, 1'%,  0.041:0.044+0.081 L
BESIII_arXiv:2410.07626,1°v, 0.2242+0.0023+0.0014 ¢ BESIII PRL132,091802, 'u'v,  0.907+0.067+0.078 —— "
BESII Nat. Cqm.16 681.ne'\1ﬁ 0.208+0.01120.007 I BESIII Combine pv+tv 0.9820+0.00520.0071 . Ds = Ty
L L L L L L L L L L L L L L
L L ‘ L L L ‘ L L L L ‘ ‘
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Comparison of decay constant fp+ and FFs £, (0)

T T T T T
FLad212r 141y Pcedizonofen o7 1 ) . I !

LCSR  19MP
FMILC(2+1+1) PRD8(2018)074512 2127106 . LFQM  JPG39(2012)025005 0.79+0.01 - RQM  PRD101(2020)013004 0.538£0.027 -
M JPG3Y2012)025005 0762 .

FMILC(2+1:+1) PRD9O(2014)074509 2126404 i Q! (2012)
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ETM(2+1+1) LATTICE2013(2014314 2020¢8 1 LQCD  PRDG(2017)054514 0765:0031 —_—

LQCD  PRD104(2021)034505 07380200044 + LCSR PRDS3(2013)034023  0.458:0.105 _
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LQCD  PRD107(2023)014510 074410,0040 -
FMILC(2+1:+1) LAT2012(2012)159 2002430436  #oy LQCD  PRD107(2023)004516 0745200081 . lCCQM PROS8(2018)114031 0764011 -
HFLAV2L ~ PRDIOT(2029052008 205.1t44 kel Belle  PRLO7(2006)061504D -Ke,  0695£0.00740022 ——

BaBar PRD76(2007)0520050° - K'e'v, 0.727:0007+0.009  —~t 2t Phys. (14 —
CLEOgv  PRD78(2008)052003 207.248.742.5 +—emtt _ [CCQM Front Phys. (14)64401 036005

CLEO PRL D-Rev, O. s
BESIIIuv 2.9fb* PRDBO(2014)051104 204.245.3£1.7 et BESIII PRD92(2015)112008D° - K[e'v, 0.748:0.007+0.012 -

LCHO EPICBA(2024)15 020450021 L

BESII  PRD96(2017)012002D° - K'e'v, 0.7246£0.004140,0115 -

BESIII  PRL122(2019)011804,0° - K''V, 0.7327+0,0038£0.0030 ¢
BESIILV 70" PRLI23(2010)2118022044 1145 w—e-the o

BESIII,v 2,91 PRL123(2019)211802 2247422 5+ 11 3+——s——tt

BESIII PRL134(2025)111801 0263:0025:0006 &  0=9.8%

BESIII  PRD92(X 20120° . Ke'v, 0. +
‘BESH\.H\I zoxn;larxw‘zmomzo 2115:23+14 | » 0=1.2% BESIII pwmmﬁzm)nzooa,o TW‘ 0.7366£0.0011£0.0013  + 0=0.23% | | |
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4 I
fyr (MeV) ©£-50) f, ""(0)

@ Precisions of the measured fp+, ﬂf"’k(O), and f+D+_"’/(0) are 1.2%, 0.23%, and 9.8%,
respectively, using |V.q| = 0.22486 4+ 0.00067 (PDG 2022), | V5| = 0.97349 + 0.00016,
and |Vcq| = 0.22487 £ 0.00068 (PDG 2024) as inputs.

@ Measured FF f+DHK(O) is consistent with the LQCD calculations within 2.5¢
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o Improved precision:
o |V]: precision improved to 0.5%
o |V q4|: precision improved to 1.2%
o fp+: precision improved to 1.2%
o £,P7K(0): precision improved to 0.3%
e LFU test(No LFU violation observed):
o R(u/e) precision: 0.8% (via D — K(tu,)
o R(7/u) precision: 12% (via Dt — (1)
@ Those results play a vital role in determining CKM matrix elements, validating
Lattice QCD (LQCD) calculations, and testing lepton flavor universality (LFU).

e Al — neTv were firstly observed and studied with deep learning method,
which provide opportunity to many analyses of BESIII.
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@ 20.3 fb~ldata ©@3.773 GeV is ready at Jul. 2024, more precision measurements
and searching for rare semileptonic decays will be presented;

@ The interior upgrade of the CGEM detector has been successfully completed.
Furthermore, the acquisition of an additional 3 fb~ldata @4.178 GeV in the future
[CPC44(2020)040001] will further improve the precisions in Ds sector;

e 2025/26 BEPCII-U will be more efficient and 9 fb~*more will be obtained @ 4.68
GeV.

Thank you!
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— K¢ty and DY — K% T,

@ (a) Fits to the differential decay rates of

D) — K7ty and (b) projections to the
@ 20.3 fb~ldata sample ©3.773 GeV form factor as i‘uncticgn)o? q%.
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@ (a)(b) Simultaneous fit to D) — K7*v,. (c) Projection of f/(g?) as function of g2 of
DY) — Ki*v,. (d)(e) The ratio of differential decay rates of D — Ku*v,, over

D — Ke'tw,e in each ¢? bin.
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Tension in |V,| Determinations: Leptonic vs. Semileptonic

Data samples | Reference Channel | Ves| Input fp, (MeV)
6.32 fb! PRD104(2021)052009 | 7,v 0.972 +0.023 £ 0.016
6.32 fb~! PRD104(2021)032001 | 7,v 0.980 +0.023 £+ 0.019
6.32 fb! PRL127(2021)171801 | 7ev 0.978 £0.009 £ 0.012 249.940.5
733! PRD108(2023)092014 | 7,v 0.993 £0.016 £ 0.014 ’ '
7.33fb7 1 JHEP09(2023)124 TV 0.987 £0.016 + 0.014
10.64 fb~! PRD110(2024)052002 | Tv, D; "D}~ 1.0114+0.014 £0.018
0.492 fb-! | PRD94(2016)072004 | pw 0.956 = 0.069 = 0.020 249.0+05
319 fb ! PRL122(2019)071802 | juv 0.985 + 0.014 + 0.014 249.9+0.4
6.32 fb! PRD104(2021)052009 | uv 0.973 £0.012 £ 0.015
6.32 fb! PRD108(2023)112001 | uv 0.968 + 0.010 £ 0.009 249.91+0.5
10.64 fb~! PRD110(2024)052002 | puv, DXt DI~ 0.986 +0.023 +0.014
Combined TUA-pV 0.9820 + 0.0052 4+ 0.0071
Data samples | Reference Channel | Ves] Input £7(0)
8.0 fb~! PRD110(2021)112006 | K/Tv 0.9623 +0.0015 + 0.0043 | 0.7452+0.0031
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Determinations of £f°7K(0) Using Global-Fit |V,| in the SM

Data samples | Reference Channel fP=K(0) Input | V|
292 fb ! PRD92(2015)112008 | D™ — Kle v, | 0.748+0.007 +0.012 | 0.97343+0.00015
203 fb ! PRD96(2017)012002 | D* — K% v, | 0.7246 + 0.0041 + 0.0115 | 0.97351+0.00013
2.93 fb! PRL122(2019)011804 | D% — K~ utw, | 0.7327 +0.0038 + 0.0030 | 0.973597 395010
202! PRD92(2015)072012 | D° — K~ eTw, | 0.7368  0.0026 & 0.0036 | 0.97343+0.00015
8.0fb ! PRD110(2024)112006 | D — K/t v, 0.7366 + 0.0011 + 0.0013 | 0.97349+0.00016

35/35



	BESIII experiment
	Leptonic decays
	Semileptonic decays
	Charmed D meson
	Charmed c+ baryon

	Comparison of |Vcd|, |Vcs|, fD+, and f+(0)
	Summary and Prospect

