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¥ Main goal
F1 BESIII experiment
E] Leptonic decays

m DT — uty,

m Other Measurement of D"

(s) — £+Vg

1 Semileptonic decays P = pseudoscalar
m D— Plty, V = vector
mD— Vity, = vecto
= D Setve S = scalar
mD— Aetre A = axial-vector

[E] Comparison of |V, and | V|

[ Comparison of decay constant fD(+)

Summary and prospect

] Back up
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Main goal

Ve Vus Vi
VCKM = Voo Ves Veb

Vie Vs Vi

[ = Gl Veo 1 o, BmEmoy (1 = m2 /2, 12 g = XG26 Veo P17 (6P
m In the charm meson, the precision of CKM elements is currently limited by | V|
(0 =0.6%) and | V4| (0 = 1.8%)
m Latest LQCD: f; = 249.9(05) MeV (o = 0.2%); fp+ = 212.1(07) MeV (o = 0.3%);
SP7K(0) = 0.7452(31) (0 = 0.4%); f277(0) = 0.6300(51) (o = 0.8%)
m Decay constant f D, and FF f, (0) measurements=-Calibrate LQCD calculations

B | V4| measurement =Test CKM matrix unitarity

® Branching fraction ratios R e = % =Test lepton flavor universality (LFU)

chaochen®@ihep.ac.cn Leptonic and semileptonic charm decays at BESIII IHEP, CAS 2 /24



Nz

m /s=(1.84—-4.95)GeV m TOF: o7 = 68(110) ps for barrel

= Peak luminosity: 1.1x10% cm—2s~" (endcap); endcap upgraded in 2015
@3.773 GeV or =60 ps

m MDC:op/P =0.5% @ 1 GeV,; m EMC: og/E =2.5%(5%) for barrel
OdE/dx = 6% (endcap)

m BEPCII and BESIII Upgrade has been completed at 2025
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BESIII dataset and double-tag method

m ete~ annihilations data near threshold

Ko =-Double-tag method& Clean environment
1, _ . . o
G plm m Undetectable neutrinos=-extract the (semi-)leptonic signals
et %”/(;7{&) e Umiss = LCmiss — |,6miss|s anﬁss = Erﬁiss - |ﬁmiss| 2
z*:f+°““°°' m Branching fraction with double-tag method: B = FQID%
w =-Systematic uncertainties on the ST mostly canceled
Data sample Eem (GeV) | Lint (b~ 1) | Single tag yields (x10°)
ete — w(3770) — DD 3.773 20.3 D% ~16.9; D~ ~11.0
ete” — DSinF 4.128-4.226 7.33 Dy ~0.8
ete” — DD 4.237-4.669 10.64 Dy ~0.12
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Precision measurement of the branching fraction of D" — u'vy,

Reference L (1) [ BF(x10—% fp+ (MeV) Vo Precision (%)
CLEO, PRD78,052003 | 0.818 | 3.82(32)(09) | 207.1(87)(24)(08) | 0.2195(92)(26)(09) 4.4
BESIIl, PRD89,051104 | 2.93 | 3.71(19)(06) | 204.1(52)(17)(08) | 0.2164(55)(17)(09) 2.7
BESIII, PRL135,061801 | 20.3 | 4.034(80)(40) | 213.5(21)(11)(08) | 0.2265(23)(11)(09) 1.2 %
[ fpata ' 0 a
800 —:KlltPDF KNDOF=1.0 | [prypry, = r(D+)—>e+w {1 + _CP}
~ [ N PRL135 0618011 G2 T
VU | — s ackgroun =) _ +m 2 2 o
= o EE Neg = 2833 + 57 = ZEDTOL |V 242 (1 - ) [1 n ;cp]
= L -yp'y, ]
f: wol ~Othef background 1 = the radiative correction term [1]: [1 + 2Cp)
P i ] m Structure-dependent bremsstrahlung [2,3] =
;:‘ 200 Subtracted in the fit
i 5 ] m Short-distance (+1.8%)[4,5] and
%3 1 ~iala 0.2 Long-distance (-2.5%) [6]electroweak

mlss
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)
Other Measurement of D/ — (*y,
PRD 110, 052002 (2024)
L Doy, Doy, 4 bus
60 D—p'v, + Data 00D + D:T i:::m 150k Al 1
- — Signal — Signal
(8 Lkt — Best fit ! Doy,
2 ,Ds DS:F  Signal y e | | RO
% N & N I Background < 20F i i Other background]
2 40 ¢ W - 3
S I S
< [ < S
S 3 o, <
~ L E 200F 4 Daa P
2 2 — et g
= 20— = sok — Signal =
g L Background
= L 100F I ! B
t ! |
At S0, -t E T
-------------- 3 YL~ |
-0.2 -0.1 - (g e 0.1 0.2 007 05 10 15 20 02 00 Jo;z 032 0.6 08
i eV7/c Eqm' ' (GeV) M2, (GeV¥ch)
miss iss.
Reference Data setfo ' B(%) fos | Ves| Stat
DI = pFvy,

PRD 108, 112001(2023)

7.33 DIDy

0.5294 +0.0108 +- 0.0085 248.4 +2.5+22(c = 1.4%)

0.968 + 0.010 + 0.009(c = 1.4%)

PRD 110, 052002 (2024) 10.64 D;*D;"  0.547 £0.026+0.016  246.5+59+3.6(c = 2.8%) 0.986 % 0.023 = 0.014(c = 2.8%)
Df — 17w,
PRL 127, 171801 (2021)  6.32 DEDL" 5270105012  2511£24+3.0(c =15%) 0978%0.009=0.012(c = 15%) T etvay
PRD 104, 052009 (2021)  6.32 D Di* 521+£025+017  249.7+6.0+4.2(c =29%) 0.972+0.023+0.016(c = 2.9%) T STy
PRD 104, 032001 (2021)  6.32 DED;* 52940254020  2516+59+4.9(c =3.0%) 0.980-+0.023 % 0.019(c = 3.0%) S'”‘“"a”““sTT f TR eneray points
.

JHEP 09, 124 (2023)  7.33 DEDy™ 53740174015  253.4+40+3.7(c =22%) 0.98740.0160.014(c = 2.2%) T o vy
PRD 108, 092014 (2023)  7.33 DI D;* 54440174013  2550+4.0+34(c=21%) 0.99340.015+0.013(c = 2.1%) 7+ = 77, with BDT
PRD 110, 052002 (2024) 10.64 Di*D:¥ 560 +0.16 +0.20 2527 +3.6+4.5(c =2.3%) 1.011+0.014 +0.018(c = 2.3%) constrain the same BF

Tt = pHvr, €t velr, e, T 0%,
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https://doi.org/10.1103/PhysRevLett.127.171801
https://doi.org/10.1103/PhysRevD.104.052009
https://doi.org/10.1103/PhysRevD.104.032001
https://doi.org/10.1007/JHEP09(2023)124
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Precise measurements of D° — K /Ty, and D™ — K%*y,

Events / (4 MeV)

m arXiv:2601.21196 and arXiv:2601.21185 m B(D° — K~ e've) = (3.527 £ 0.005 + 0.016)%
m 20.3 fb~"'data sample @3.773 GeV B(D° = K~ ptv,) = (3.429 £ 0.007 + 0.017)%
\ B(D* — K°e"ve) = (8.918 4+ 0.025 + 0.050)%
x10 ' : ‘ i i + 0, + _ 0
B D' Ke, +omn )07 K, 1 B(D* — K°u"v,) = (8.763 & 0.029 + 0.052)%
60[ x/mdf=133/94 —gowl fit 1 y2mdf=132/93 ] = LFU test (SM: 0.975+0.001) ~consistent
—-Signal 0 -
. B(D° =K~ uvy)
sof ——:))et:l:rbll)(l%gﬁ ] m =0.972 4+ 0.003 + 0.004
L I ] B(Dt = Koutv,) .
20 /‘AI\ m == 0982 :l: 0004 :l: 0002
©D'>Kev, @ D> K,
sof X'/ndf=99/94 1 x¥ndf=126/93 ]
10F + .
*
1 00 01 1 00 01
U, (GeV) U, s (GeV)
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https://arxiv.org/abs/2601.21196
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Precise measurements of DO — K (ty, and Dt — K%y,

2 -
£ 2 2
dF2 GZE|VCS‘ |g‘q 1 mzz .1 2 ’ho(q )’ 4 3m22£ ‘ht(qz)l
dqg 963, q 2q 2q ]
(@ . 30| (b) ©
:: —Daln:Eae:v, { —~Data:K _‘p vM — This work
L ~DaaRev, { ] 15 LQCD calculation
° —FitKe'v, ] J < LQCD uncertainty
"y S0 —Fitke'v, % —FitRuv, | T
o = 1% 1
g g
= Z 20p
< <
03 i 13 05 i i3 0% 03 i i3
q (GeVYch) @ (GeVi/ ) @ (GeVi/ )
(@)D" rllzczy ' " (e)D* rllemy " "
1.5 7*/Nbin=21.6/18 4 15F xNbin=21.8/18 B
—Data —-Data
— Fit —Fit
X i 05 i 5
@ (GeVY/ch) ¢ (GeV Y

2-(0)

= 0.7355 £ 0.00075tat = 0.00144y;

| Ves| = 0.9608 £ 0.0009s¢a¢ & 0.0019gys¢ + 0.00401gcp
m Experimental uncertainties of f2%(0) and |V s|: 0.21%
= Additional uncertainty of the input f°~K(0) calculated by LQCD: 0.42%
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ho(q?) = /7 t(d®)

(@) = ™ )
[q?

‘ : ‘ . —
LCSR Int.J. Mod. Phys. A 21,6125 0.661+0.067 ——e—i
ILFQM 0.79+0.01 =]
QM 1y 0.762 -
[CCQM Front. Phys. 14, 66401 0.78+0.12 —
RQM Phys. Rev. D 101, 013004 0.716 .
LQCD Phys. Rev. D 96, 054514 0.7650+0.0310 i
ILQCD Phys. Rev. D 104, 034505 0.7380+0.0044 .
ILQCD Phys. Rev. D 107, 014510 0.7441+0.0040 .
ILQCD Phys. Rev. D 107, 094516 0.7452+0.0031 .
Belle Phys. Rev. Lett 97, 061504 D Kovy,  0.697H0.007£0.022 HH
BaBar Phys Rev. D76,052005 DO Kgry, 0.727£0.007£0.009
ICLEO Phys. Rev. D80,032005  p_ Koy,  0.739£0.007+0.009 o
IBESIII 2.93fh™ Phys. Rev. D 92, 112008 D"~ KLne’v, 0.748+0.007+0.012 HeH
IBESIIL 2.93b™ Phys. Rev.D96,01202 e _ %+, 0.7246£0.00410.0115 el
[BESIII 2.93fb" Phys. Rev. Lett 122, 011804 D° — K v, 0.732740.0038+£0.030
IBESIIL 2.93fb" Phys. Rev. D 92,072012 D° — K e*v, 0.7368+0.0026+0.0036
BESIIL 7.93fb" Phys. Rev. D110, 112006 p . kry,  0.7366£0.0011£0.0013
BESIII 203" arkjpacias o 4‘;?/'” | OTISSER0007H0.0014 ¢

0 0.5
2% )
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Precise measurements of D° — K~ (*y, and D" — K%ty
m Gy is the angle between the lepton momentum and the direction opposite to the
D-meson momentum in the ¢y, rest frame

m Forward-backward asymmetry: Apg(q?) = 9r(c080w>0)—dr*(cos fw<0)

dré(cos @y >0)+dr¢(cos 8, <0)

2
= Theoretical expression: Arg(g?) = ﬁ 1 (1 - mj) g (ho(G®)he(G?))

dartjdg? fod
m Overall forward-backward asymmetry ® g?-binned forward-backward
Ar(D° — K—etve) = (+0.3+£1.74+1.7) x 10-3  asymmetries
Apg(D® — K~ uty,) = (—58.8+2.2+£21)x 1073 02— —— P
AFB(D+ N Koe+Ve) — ( 09+29+1 8) x 10~ 3 0.1} x/Nbin=19.17/18 L 2/Nbin=17.38/18
Apg(Dt — KOutv,) = (-54.4+3.6+0.7) x 1073 0.0%«%«%%
~Data
-0.1p —Thzory P +
E 7(())';7 D'Kuty, 3 D’aﬁ“u‘vu
. %¥Nbin=15.30/18 x¥Nbin=14.77/18 +
0.0F b F
-0} R
—0.2

00 05 10 15 00 05 10 15
q? (GeVHcH)
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First Experimental Constraint on the Scalar Current in the D°(*) — K/*y, Transition
m Corresponding effective Lagrangian: Ley = —% Vis Yoo, ur >, cfOf + H.C.
B SM: 0% = (SyuPLc) ey PLt) with coefficient CSM =1
m NP: Potential right(left)-handed scalar current OR(L = (8PR()c)(v¢Prt) with complex
Wilson coefficient cR(L)

= Simultaneous fit to the measured partial decay rates and forward-backward asymmetries to constraints on

the right- and left-handed components of the scalar current with input the BF of DI — ¢*v,
2y _ ¢ P m3—m 2
5 h(Q?) = (1 + csm) 22K (o) and

2
+ + 2 _ L Mpg 2
B(Ds — t7ve) = TDs 8 st ( m, ) GF x | Ves|* |1 CP(mc+ms)mz|
0.08f
a (b) 0.04f (c
0.10 @ (e)
0.04F |
0.05" 0.02
<o
< 0.00f %2 0.00 * 25 0.00F *
E
—0.05
L —0.02
* SM -0.04
. 68% region * SM * SM
—0.10F s 053 region D, — £y 0.0 Do Ew
99% region 0,08+ D Kﬁ*‘v, —u D — Kt*y
-0.06 -0.03 0.00 0.03 0.06 20.08 -0.04 000 0.04 008 —0.04 —0.02 0.00 0.02 0.04
Re(ck) cp o
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Improved Measurements of D™ — n/*v, decays

e P "~ m Data: 20.3 fo~'@3.773 GeV [arXiv:2506.02521]
e NES m 7 reconstructed with 1 — yy and 1) — 770
o £ ) m Perform a simultaneous fit with shared BF
: e B(D* — netve) = (9.75 £ 0.29 + 0.28) x 10~
EN SR B(D* = nutv,) = (9.12+£0.47 £ 0.28) x 10~
" = = LFU test: R7, = 0.94 + 0.06 + 0.03
S CO—TY - m Perform a simultaneous fit to the partial decay
T LTt o rates of the D+ — ntty,
5.1 m FF of D* — nf*v,: £7(0) = 0.374 4 0.007 £ 0.003
vo m Precision improved 3.4 times compared to the
s e previous best results.
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https://arxiv.org/abs/2506.02521

Combined measurement of D™

® 20.3 fb~'data sample @ 3.773 GeV
m PRL 135, 171801 (2025)

—— Total fit

---- Signal - Other backgound

— K*0(892)(*v,

+ Data
o 1257 D* > Kn'utv,
o 1.00| Nsig = 6767 + 126
<
S 0.75)
—
X 0.50
(9]
€
o 0.25
>
w

o
o
S

—— D* Kt n®

—— D* Kt nn®

X2Nbin=12 |

[ D* > K2nle*v,

—-— Peaking backgound

Ngig = 11095 + 137
X?/Nbin = 1.0

~01 0.0

0.2 -0. 1 0.0 0.1

via K*0(892) —

0..-0
Kgt

1.2F = Full g? region

11f

@ Binned g2 region

Rure
I ’

0.9

0.8F

0.7f

00 02 04
Umiss (GeV) Umiss (GeV)
= B(D* — K2m%etve) = (0.943 +0.012 4 0.010)%
— B(D+ — K*°(892)e"v,) = (5.29 + 0.07 + 0.06)%
= B(D" — K3mutv,) = (0.896 + 0.017 + 0.008)%

— B(D* — K*0(892)utv,) =

® R,e = 0.94 +0.02 + 0.01
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http://link.aps.org/doi/10.1103/w9vz-4fq9

Combined measurement of D™ — K*0(892)(*y, via K*°(892) — K2m°
m First comprehensive angular and the decay-rate CP asymmetry analysis

mry=142+03+02 r,=075+0.3+0.1 e
041 4 u+ & Binned g region
+ Data WM Simulatied background [ Fit 03h
4 (a) X3Nbin = 1.4 1 (b) *)(’/Nbin =11 4 (c) X2INbin =12 6 (d) X2INbin = 0.8 (e) 2/me 0.9 '
T T 3 ~0.2f
< < by, 4 &
g2 g1 -, e o e N - Zoa} 1
: %o N S N = =S S—
S S S =] o ' —
%y > %o — ;Uz_: 0—-1-_30 - 0.1f
57 XMNoin=1.0| %3 xNoin =12 X 7 XNoin=10 |X XMNoin=12 | X2/Nbin = 1.0
- = £ £ 26 -0.2t
x5 X2 §s 2 ol " . . . .
£ : £ Y Yo o 1 0.0 0.2 0.4 0.6 0.8 1.0
§ 2 § 1 2‘; ’*..e»;‘ “ 2 q? (GeV2/c?)
Y u o 0__‘ 0 0.2
0 ~@= e+ &= Full g? region
05 1.0 00 05 10 -1 0 1 -1 0 1 =25 00 25 . o
m? (GeVZct) @ (Geva/ct) cos6y cos B X 01 =4= 4" @ Binned g’ region
0.0f
m Triple-product asymmetry m Forward-backward asymmetry £o1f . |
_ [ -0.2F ’
B A, = (-04+13+00)%  ® Af=(-187+:14205)% % ?
P NS
- 4/JP =(~1.9+20+0.3)% B A =(-234+23+£0.3)%
-0.4F
0.0 0.2 0.4 0.6 0.8 1.0

g2 (GeVZ/c?)
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Observation of D° — K;(1430)*(*v,

m 20.3 fb~'data sample @ 3.773 GeV
® arXiv:2603.04136 (D° — K%~ ¢*v,) and arXiv:2603.00743 (D° — K- 1%t ve)

m By analyzing the dynamics, a non-trivial contribution of the D-wave component is observed for
the first time

m The hadronic form-factor parameters (ry, r») are measured

m Performer the model-independent measurement on the phase shift of the S-wave

m D° = K-mlety,

m DO — KOty
m significance for D-wave: 7.9 o

m significance for D-wave: 8.0 o

T T T T
L BESIIL: D' K're*y, ] 150 7
150 [+ Estabrooks etal. ] 15- B
[~ BABAR:D"> K'wery, S I Model-independent sotution 1 Model-independent solution
° [ e BABAR: LASS param. = 1 R ol ot R et
2 I —%— This work: model-independent 4 4 B 100}~ Nominal solution - 'g ominal solution
& 100~ ___ This work: LASS param. 7 15y «é
=) L — 5 2 g
L f ] = <
< sof 1 © 50 .=
50 . I =
L ] 4 \
' : : : 0 I L L L I L L L L
L L 12 14 16 08 1 1z 14 08 1 1z 14 16
My, (GeV/c?) 1y (GeVI ) e oGeVIcd)
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https://arxiv.org/abs/2603.04136
https://arxiv.org/abs/2603.00743

Other Measurement of D — Km(*y,

D% — Kmretve D° - K utw, D% — K-m%etv,
Reference arXiv:2603.04136 arXiv:2603.00743
Data set fo~" 20.3
B(D — Kmttv,)(%) 1.447 £0.0124+0.009 1.391 £0.013+0.008 0.7878 + 0.0063 + 0.0048
B(D — R*(892)[+V[)(%3) 2.043+0.018+0.012 1.964 +0.018 +0.012 2.221 +£0.018 £ 0.014
B(D — RZ*(1430)('+V[)(X10’5) 4.00+1.22+0.78 3.85+1.17+0.75 7.603 +2.457 +£0.194
ry 1.444 + 0.026 + 0.010 1.41 +£0.05 + 0.01
rp 0.752 £+ 0.020 + 0.004 0.77 +£0.04 +0.02
A1(0) 0.618 +0.002 + 0.004 -
RYe 0.961 +£0.012 £ 0.005 0.928 +0.020 +0.012

K*(892)

m Similar works of isospin channels are listed here.

D% — Kqr—e've D° = K uty, D° — K—m0utv,
Reference JHEP 03 197(2025)  PRL 135, 111803 (2025) PRL 134, 011803 (2025)
Data set fo~" 7.93

B(D — f:(TTZ+V[)(°/c>) 1.444 £0.022 +£0.024  1.373+0.020 + 0.023 0.773+£0.014 £0.012
B(D — K*(*vg) (%) 2.039+0.032+0.034 1.948 +0.033 +0.036 2.073 £0.039 £0.032

r 1.48 £ 0.05 + 0.02 1.46 £0.11 +0.04 1.37+£0.09 + 0.03
r2 0.70 4 0.04 + 0.02 0.71 4+ 0.08 +0.03 0.76 + 0.06 + 0.02
Nops (K) 8.7 6.8 6.4

Rue 0.96 £ 0.02 +0.02 1.02 £ 0.03 + 0.03
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https://arxiv.org/abs/2603.04136
https://arxiv.org/abs/2603.00743
https://doi.org/10.1007/JHEP03(2025)197
https://doi.org/10.1103/zfxr-dlzg
https://doi.org/10.1103/PhysRevLett.134.011803

Study of D° — a,(980) e*v, with ay(980)~ — n,, T~

40F . T T T
= b 20 (@ osf () ]
3 30k > L osf 1
S O1sf Ey -
3 = g .. 02k } ]
e S0 a 5
~ -~ = <+
] 2 & ~ 0.1E ]
$10r § 5| E 02 .
i g oo =

0 e o 1 P 0 it L il LT 0 1 1 1 0 1 1 L

02 -01 0 01 02 08 NG 0 02 04 06 0 02 04 06

Upiss (GEV) M, (GeV/c®) q? (GeVZcd) 7% (GeV¥c%)

m Data: 7.93 fo~'@3.773 GeV [PRD 111, L091501 (2025)]
m Improve BFs measurement of D° — a,(980)~ e* v, decay with a,(980)~ — n,, 7~
The M- is modeled with a standard Flatte formula for the ay(980) signal
B(D® — a5(980)~ e*ve) = (0.86 & 0.17 +0.05) x 10~*
m First determined the FFs with the simple pole model
f2(0) = 0.559 £ 0.056 = 0.013

d?r(D°—ay(980) " et ve G2|Vyl? 93/2 2\ [£30 (A2 |2
o ST = R (5. ) |12 ()] P
B AX,y,2)=x2+y?+ 22— 2xy — 2xz — 2yz
gﬁnpnrr

m Relativistic Flatté formula P(s) = [ ar— -]
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First study of D°*) — K-+*7°“)ety, decay dynamics

- Dtat Set: 2 0 3 fb_1 @ 3773 GeV . 100fF 2Nbin=62.7/28 * @ . FINDIn=72.0/50 ®) Ej: FINbin=49.2/48 © : FINbin=52.9/64
E | 2 H :
m PRL 135, 091801 (2025 IR N M

—+— Data

[ZZ2 Background

—— Towlfit

- = = K,(1270) - Kp S-wave
- - - K(270) - K 7 S-vave
< == K,(1270) > Kz Dewave

Events / (9 (MeV/ )
Events / (9 (MeV/ )

8 0 05 0
My (GeVieh) My (GeVIeh)

m Improve BFs measurement of D — K;(1270)e™ve & First upper limit on D — K;(1400)e™v,

® B(D" — R°(1270)e+ve) (2.27 +£0.11 £ 0.07 £ 0.07) x 1073

m B(D* — KP(1400)etve) < 1.4 x 1074

m B(D°— K 1270)e+ve) (1.02 +£0.06 +0.06 +0.03) x 10~3

m B(D°— K (1400)etve) < O 7x1074
m First FFs measurement: rqg = (—=11.2+1.04+0.9) x 1072 & ry = (—4.3+ 1.0+ 2.5) x 1072
m Component:

Kp(770)&K*(892)m— B(K1(1270) — K*m) /B (K1(1270) — Kp) = (20.3+ 2.1 £8.7)%
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First study of D°*) — K-+*7°“)ety, decay dynamics

N

©

B(D - K;(1400))(x107) &

+Data

Background

300F — Total it

-~ Total fit with A{;,=9.2x 107

chaochen®@ihep.ac.cn

Events / (0.2)

%*/Nbin=93.6/100

Leptonic and semileptonic charm decays at BESIII

The eigenstates of momentum (Kia ('Py) & Kis (3Py)) mix
into K1(1270) & K;(1400)
FFs are sensitive to the mixing angle 6y, :
| fK1(1270) = me sin eK1 + fK1B C(?S 9}(1
| fK1(1400) = me Ccos 9K1 - me sin 9[{1
Three unknown pars. (fx, ,, fx,5, Bx,) & Two equations
= Determine 8, requires one parameter input!

However, for all theoretical predictions, we have four
observables to give stringent test on them without assuming
the value of B

Theoretical calculation suggests up-down asymmetry in
D — Ki(1270)e"ve: Ay = %fh [PRL 125 051802 (2020)]
2D Angular fit

m A, =0.01+0.11, consistent with SM prediction
2Aug = (0.092 £ 0.022)
m Deviation would indicate New Physics effects
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Other Measurements
m First observation of DY) — K;(1270)u*v, decay with K;(1270) — K=+ %)

Decay DF — KP(1270)u, D% — K (1270)ut v,
Reference PRD 111, L071101 (2025)

Data set (fb~") 7.93

Significance 12.50 6.00

B (2.36£0.2070 13 £0.48) x 1073 (0.78 £0.117055 £0.15) x 1073
Ry/e 0.74 +£0.1370%8 1.03+£0.147314

o+ /T po 1.224+0.10755

= First observation of D° — by(1235)~ e*ve and Evidence D™ — b;(1235)%etv, with
b1(1235) — c,p+ 77— 70T

Decay DY — by(1235)~etve Dt — by(1235)% v,
Reference PRL 136, 021801 (2026)

Data set (fb~") 7.93

Significance 5.20 3.10
B(SL)xB(by(1235) — o) (0.72 £0.187308) x 10~*  (1.16 £0.44 +£0.16) x 10~*
Mo/l o+ 0.78 £0.1975.%
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Comparison of |V ;| and |V,

o =0.21%

o =0.9%

m Precisions of | Vs| and | V4| from BESIII

chaochen@ihep

LC\\‘\\\\‘IIII\II\\\\\‘\ L L L L L T
KMfitter Phys. Rev. D 110, 030001 PDG 0.97349+0.00016 - . .
HFLAV23 arXiv:2411.18639 Average 0.9691+0.0045 " CKMfitter PRD 110,030001  PDG 0.22486+0.00067 -
ICLEO Phys. Rev. D 79,052001 D — p*v, L.000+£0.040+0.016 [aa} HFLAV23 arXiv:2411.18639  Average 0.2240+0.0028 L]
BaBar Rev. D82,091103 D — p*v, 1.032+0.033+0.029 -
P 49 139 Dl —u* 96900260,
[Belle g e S300E0.02610019 | b CLEQ  PRDSO032005 Do rmetv,  0.234+0.007+0.002
ICLEO Phys. Rev. D 79,052002 Dy — 70, ove 0.981£0.044£0.021 b
ICLEO Phys. Rev. D80, 112004 DI — t2ve  1001£0.05240.019 BESIIT PRL124,231801 D" — nu‘v, 0.242+0.02240.006 ——
ICLEO Phys. Rev. D 79,052001  DJ = 770vr 1.079+£0.068+0.016 ——
[BaBar Phys. Rev. D82,091103 Dy — 72 vr 0.953£0.033£0.047 HeH - PR 92, 072012 a >
Belle JHEP 09 139 D] = T3 0 -VeLO17£0.019£0.028 el BESIII PRD 92, 07201 D" = nev,  0.2278+0.0034+0.0023
IBESIIL arXiv:2601.21196 D— Ké*v, 0.9608+0.00090.0019 + BESIII PRD 96, 012002 D" = v, 0.2243+0.0058+0.0026 [
BESIIL Phys. Rev. D 110, 112006 D, K™y, 0.9623+0.0015£0.0043 =
[BESIIL Phys. Rev. Lett 129, 231803A7 — Ae*ve  (.936+0.017+0.024  hei
= BESIII PRD89,051104 D" — u'y, 0.2165+0.0055+0.0020 el

[BESIIL 10.64fb™" Phys. Rev. D 110, 052002 D] — p*v, 0.986:£0.023+0.014 =]
[BESIIL 7.33fb™ Phys. Rev. D 108, 112001 D] — v, 0.968+0.010:0.009 L BESIHI PRL123,211802 D" — T 0.238+0.024+0.012 ——t
BESIIL 6.32fb” Phys. Rev. Lett 127, 1718010 = 17, cve 0.978+0.009+0.012 W
[BESIIL 7.33fb™" JHEP 09 124 2 Thue¥t 0.98710.016+0.014 ] .
BESIIL 7.33fb" Phys. Rev. D 108,0920014 D7 — 170 ve (.993+0.015+0.013 o BESIIT JHEP 01, 089 DT =1 v 0.216:+0.012+0.006 —
BESIIL 6.32fb" Plys. Rev. D 104052009 D] = 17 .ve 0.972£0.023£0.016 el - S - ~
BESIIE 6.32fy" Phys. Rev. D 104032001 D~ T 0.980£0.02340.019 bl BESII PRL 135, 061801 D7 — vy 0.2265+0.0023+0.0011
[BESIII 10.64fh™" Phys. Rev. D 110,052002 D7 — r*v.  1011+0.014+0.018 ™
BESIIL T 0.9892+0.00600.0071 BESHL - Nal. Com. 16,681 A; = ne"ve  0.208£0.011+0.007 L
[BESIIL vy (I.982l]t{0.0[l52i0.0[l7 1

Pl PRl ST s i i e A B S T N Y T M NN N M NN N

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

results: 0.21% and 1.2%

Leptonic and semileptonic charm decays at BESIII

o =1.8%

o =1.2%
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Comparison of decay constant fD(+)

T T T T T T T ‘ T T T T T T T T T ‘ T T
FLAG21(2+1+1) Eur. Phys. J. C 82, 869 2121407 . FLAG21(2+1+1) EPIC 82,869 249.9+0.5 .
FMILCQ2+1+1)  PRD 98, 074512 249.9+0.4 -
FMILC(2+1+1) PRD 98, 074512 212.740.6 - ETM(2+1+1) PRD 91, 054507 247.2+4.1 bl
HFLAV23 arXiv:2411.18639  Average 252.2+2.5 7]
FMILC(2+1+1) PRD 90,074509 212.6+0.4 - CLEO PRD79,052001 D — vy 256.7410.244.0
BaBar PRD §2,091103 D — vy 264.918.417.6 H—a—H
ETM(2+1+1) PRD 91, 054507 207.4+3.8 Lol Belle JTHEP 09 139 D] — vy 248.8+6.6:4.8 et
PRD 79, 05 D] =1l vr 5 ——1
HFLAV23 arXivi2411.18639  Average 205.1+4.4 e CLEO PRD 75, 052002 5 ri"'“fv 251.6+11.245,3
ICLEO PRD 80, 112004 Dy — T vr 257.0+13.345.0 ——
BaBar PRDS2.091103 D = Tlnve 244.638.6+12.0 H—a—H
ICLEO PRD 107,052008 D — pr'y,, 207.248.7425 —— Belle JHEP 09 139 D) = Tl pvr 2611448472 H-=H
BESIII 10.64fb™  PRD 110,052002 D) = vy 253.246.1£3.7 =
BESIIL 2.93fh"  PRDS9,051104 D" —p'v, 2042453417 o BESIII 7.33fb"  PRD108,112001 D — i'v, 248.4+2.5+2.2 el
BESIIN 6.320b"  PRL 127171801 07 = 7)., v 2511£2.4+3.0 Hell
BESIII 2.93fh"  PRLIZ3L2U802 D'~ 71l ve 224712255113 H——=—H | |RESIII7.33fh"  JHEP 09124 D) =75, v 253.4+4.043.7 [
BESIII 7.33fh™" PRD 108,092014 D] — T 255.044.043.1 (o]
. BESIII 6.32fh"  PRD104,052009 D7 — 17 vr  249.746.044.2 e
1 o g Lot W
BESIII 7.93fh"  JHEP 0L 489 DY = rggve 204111415 H—e— BESIIL 6.320b"  PRD 104.032001 D7 — 1 vr 251.6+5.9+4.9 H—
BESIII 10.64fh?  PRD 110052002 D] — t7v, 253.2+6.1+3.7 =
o =1.2% [BESII 20.3fh" PRLIIS.06180L D' = p'y, 213.512.142.5 H BESIIL Combine v 253.93+1.54£1.82 ]
I ‘ ‘ mi:sm Combine ‘ u 252‘0811‘.3411.82 "] o =0.9%
1 1 I I I I I I I I I 1 I 1 I I I I
0 100 200 0 100 200
f . (MeV) £ (MeV)
D D
m Precisions of measured fp+ and fp: from BESIII: 1.2%, 0.9%
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Summary and Prospect

m Leptonic and semileptonic decays of charm mesons are important for determining the
CKM matrix elements, calibrating LQCD, testing LFU, et al.;

m Precisions of |Vq4| and | V¢s| have been reduced to 1.2% and 0.5%, respectively;

m Precisions of fp+, fp+ and ff—”_((O) have been reduced to 1.2%, 0.9%, and 0.21%,
respectively;

m Machine learning has demonstrated the power in experimental particle physics,
offering the possible in searching for the rare decays of charm hadrons in future.

m 20.3 fb~'data @3.773 GeV is ready at Jul. 2024, more precision measurements and
searching for rare semileptonic decays will be presented;

m Additional 3 fo~'data @4.178 GeV in future [CPC44(2020)040001] will further improve
the precisions in Ds decay.

m Since BEPCII and BESIII have been upgraded, much higher instantaneous luminosity
at higher energies and access to /s = 5.6 GeV, which allows the production of ¥, =g,

fte par Thanks!
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Observation of D°*) — K;(1270)u*v, decay with K;(1270) — K~ %)
= Data: 7.93 b~ '@3.773 GeV [PRD 111, L071101 (2025)]

m First observation of D* — K?(1270)u*v, and D° — K, (1270)u*v, with significance of 12.5c
and 6.00

m B(Dt — KX(1270)utv,) = (2.36 £ 0.2075 %8 £ 0.48) x 102
m B(D° — K (1270)utv,) = (0.78 £ 0.1113%3 £ 0.15) x 103

= LFUtest: RD/, = 1.03+0.14:31L  RD =074 £0.1375%

- M0 =K (1270)u* v, _ +0.06
m Partial decay width ratio: r[DMK,—(1270)y+VZ] =1.22+0.10" 9

F T T T T
sol- D'—»Knrnuty b D"—)K’rt*n’p.*\/IL
§ & Data $ 80 ¢ Qata i
§ [ —Signal é’ — Signal
60 —BKG I R —BKGI
s f < 60 --BKGII
v oI v —-BKG III
E 40 [ E 40 L~
g5 I )
> >
2 20 2 20
Zeis”

0 L 0
—0.10 -0.05 0.00 0. 05 010 —0.10 -0. 05 0.00 0.05 0.10
Umiss( € ) ( eV)

l‘I'llSS
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Observation of D° — b;(1235) e*v, and Evidence D" — b;(1235)%e*v,
m Data: 7.93 fo~'@3.773 GeV [PRL 136, 021801 of@
(2026)]

m b;(1235) reconstructed by cor

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

mw—mtr o N )
m b1(1235) is parametrized by a relativistic Bl WL V
Breit-Wigner function with mass and width fixed to 2 gl I g
"""" Lyt L. .o oo e AR e
the world-average values U A N

m Perform two-dimensional unbinned maximum likelihood fits to the M,,;; versus Upniss

m First observation of D° — by(1235)~ e*v, with significance of 5.2c and find evidence for
D+ — by(1235)%e*v, with 3.1c

B(D® — by(1235)~ etve) x B(b; — com~) = (0.72 £ 0.1873%8) x 104
B(D* — b1(1235)%eve) x B(BY — comr®) = (1.16 £ 0.44 £ 0.16) x 10~*

m Partial decay width ratio with B(b; — cor™) = B(b? — wm?):

rD°—by(1235) " etve] +0.04
I'[D+—>l;1(1235)°e+:9] =0.78 £ 0.19% g5
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