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Motivations

Gr )
Mg; = E]/Cq x(0,P,S, V,A‘qyu(l — y5)c‘D) X U, yH (1 — y5) v+

* Determination of [V, |: Validation of Unitary of CKM

matrix & Basic parameters of SM
o Extraction of Form Factors: Test & Calibrate various

theoretical calculations, e.g. LOQCD

 Search for BSM: lepton flavor universality & BSM

scalar/vector/tensor contributions

Form Factor q’
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Electro Magnetic
Calorimeter

Vs = (1.85 — 4.95) GeV with Peak luminosity: 1.1 x 1033 cm™2%s~! @3.773 GeV
MDC: 0,,/P = 0.5% @ 1 GeV; 04g/ax = 6%

TOF: o7 = 68(60/110) ps for barrel (endcap)

« EMC: 0y /E = 2.5%(5%) for barrel (endcap)
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Precision measurement of D* - £%v,

+ + + + vl
D™ - u*v, D™ - 17 (> vy,
PRL 135 (2025) 061801 JHEP01(2025)089
S L Quote |Voq| = (0.2249 + 0.0007)
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* I'x |Vcd|2fD+m§(mD m{)) (1 + feorr

R;/, = 2.49 = 0.31, consistent with SM value 2.69

BF (x 104 Vel p:

D" - u* Vy 20.3 4.03 £ 0.08 + 0.04 48.2 + 0.48 + 0.31

Dt - tty, 7.93 99+ 1.1+0.5 459+ 25+1.2
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Precision measurement of D — £%v,

DS - utv, D} » ttv_ witht — e, u,m,p
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Precision measurement of D —» K£tv,
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Precision measurement of D - ¥ v,

D - mftv,
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[Ves| & |Veq| In Dgy decays st o Ve

CLEO-¢

Leptonic decay: Dominated by EXP’s Uncertainty.
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- - . - ) . Belle
Semi-Leptonic decay: Dominated by LQCD’s Uncertainty.
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Scalar currentin D —» P£%v,

Weak decay is (V. — A) in SM, but one may have BSM scalar current:
Okwy = (@Pr1)C) (VePr?)

Affect dT'/dq? & Agg by: hy(g?) (1 + cﬁ -~ T )fo(qz)
q
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Observation of D —

KO'F-I—Vg

g (a) —.—DataDaK etv, ] R _._Dt D—)Kuv "_;ﬁ;DATAl)I—;K'ieVI+Ii al{uv /l/’l/l/_—
PRL 136 (2026) 161802 % | —:;,:::;z;,. 129 # I s s
——————— E 4F - zserles(Zpar) , E 4 | - ---LCSR, ,/,,’ /,/ ]
60-_ _+_Data - Nér 2 :\ _ Nér 2 _+_;r_ (\/l; 15 __ - ]éfilézi\fl ,,/’, ’//’/ ,*",——”7__
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B .o ] ‘ ‘ ) > ] ‘ e Gy - - —*«J—_‘ - o T
ot - Do Koy, 00 05 L0 15 20 0.0 05 10 15 20 Lof ~hacp etz e B
= 40 -—- D{— K’ g2 (GeV?) q? (GeV?) o :;;;,;{':‘E::’ e T ]
s | o © w71 oo e :
520- ~ L5f 7*: o 1.5) 5 4F — — — 3
[ g ] 3 g = 2k — .
» 2 '37 | iMMI.O#—-_Fq'_#: %’ 1 . g_—.— e |
0.2 o1 00 0.1 02 5,_,:,_3*5 ] 0 ] 4F . - . N
MM? (GeV?) 00 05 1.0 15 20 00 05 10 15 20 0.0 0.5 10 1.5 2.0
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_ + ~xF
 Datasample: 7.33 fb~1 DID:t
« B, =(298+0.23+0.12) X 1073 & B, = (2.89+0.27 +0.12) x 1073
e f,(0) =(0.623 + 0.036 £+ 0.009), consistent with LQCD (0.631 + 0.002)
 LFU:R =0.97 +£0.12 + 0.04, consistent with SM 0.98 + 0.01
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Decay formalism of D - V£¥v,,V —» P, P,

GE|V.

|2
d°T = 1 2 X,B,Bll(Splpz,qz, Ok, HZ,X)dSplpquzd cos by, dcosf; dy

(4m)om3

Formalism based on Phys. Rev. D 46 5040 (1992)

Five kinematic variables: S, ,, ,q%, 0k, 0}, x
Decay intensity: I = Y3 1; (6, 4% Sp,p, ) X f; (61, %)
The detailed expressions of I; are given in reference.

A, (0 V(0
Three FFs: A1,(q*) & V(g?) » 1y, = AiEO; v = Al((o))
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https://doi.org/10.1103/PhysRevD.46.5040

Precision measurement of D - Knf¥ v,

Dt - K°z%¢*v,: PRL 135 (2025)171801; D° - K%z~ ¢£*v,: arXiv 2603.04136; D° - K~ n%e*v,: arXiv 2603.00743
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T— T — T T T T cQM [262] 1.56 [262] 0.74 .
— SE j HMyT [263] 1.60 . HMyT [263] 0.50 .
A\ 10 9 . LCSR [246] 1.39+0.07 re LCSR [246]  0.60+0.07 et
3 6] & %“/Nbin=113.1/73=1.55 3 CLFQM [249] 1.36:0.04 H CLFQM [249]  0.830.02 .
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gl 0_2 | PDG p'K°[39]  1L48+0.05 ol PDG p'oK° [39] 0.80+0.02 W
E FOCUS? [168] 1.71£0.68+0.34 FOCUS? [168] 0.91+0.37+0.10
] BESIII® [259] 1.444+0.026+0.011 BESIII® [259]  0.75240.020+0.004
1073 N PR N S S | R S S L1 BESIII* [260] 1.37+0.09+0.03 BESIII* [260] 0.76:0.0610.02
0 6 0 8 1 1 2 1 4 1 6 BESIII® . [:zfil] 1.41£0.05+0.01 BESIII® . [?fw’l] 0.77+0.0410.02
' ' ; 2 ’ : PRG, DK l[d'\)] 006 | T L e Ld')]\ L i P L
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ry(D—K) r,(D—K)

—_—
BESIII: D"— K'n'e*v,
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—— BABAR: D' K're*v,

------ BABAR: LASS param. -
——— This work: model-independent
—— This work: LASS param.

* K*(892): precisionr, = A,(0)/A1(0) &1, =V (0)/A1(0) 150

* (KT)s_wave: model independent magnitude & phase 100

&4 (degree)

50

i I]:"
E I\

* K;(1430): first observation of tensor meson at 0.2% level
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Decay formalism of D - Ae*v,, A —» P;P,P;

‘Rg, -] - [ |

M= (V —A)H. lz: E*(ﬂw*)ue(ﬂw*)p] , [z E*(Agl)ne(ﬂgl)a

AI—<1

}lw*

« More independent kinematic variables of five body semi-

leptonic decay — general formalism is required!

D - K,w** « D - Kyw*t: (Ky|sy,(1 —ys)|D), cited from PRD
o : : _ 40 _ 1(0)
104, 053003 (2021) —V;, & A — 14 = 2% &y = 120

K, - Knn _ _ : : .
! * K, — Kmm: Constructed in covariant tensor formalism,

following Eur. Phys. J. A 16, 537(2003)

« m, — 0:g" = 0 Is used.
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https://doi.org/10.1103/PhysRevD.104.053003
https://doi.org/10.1140/epja/i2002-10135-4

Study of D - I?l (12 70)6 +Ve T = (—211.2 + 1.0+ 0.9? rL, = (-;_4-3 + 1.0’i 2.5)

PRL 135 (2025)091801

S

o
2

Events / (5 MeV)
2 =2

(a)

—+— Data

—— Total fit
— Signal

— Background

0.1

—0.05 6 0.05 0.1
(GeV)

mlSS

0.15

Events / (9 MeV/c2))

1.0 —
0.5 0.5
|
]
. < 0.0F 5 \
x*/Nbin=77.8/57 (2) = 0.0 £0.0 4=
100 -0.5 0.5 \‘ {
|
50 03 L0 55 -40 0 40 80
Ee - Ok, (°)
) s = .
! - | i ] This work
4 S (d) \ ,,' LSCR (6]
K= : X X 4r \ | ==- 3PSR [7]
0 m"wmw—bit_ [ — = | & |‘ I’ e ﬁga?wch[JfI
~ ~~ o | eeeee
10 12 14 1.6 g g ot {2 Leams (1o
2 21 s
Ml(it"nm (GeV/c?) |£ 1‘ Il\":" g
T T
~ ! =) A
Ro B L
9K1 ( )

1 ! N ~ ; ="
-80 -40 0 40 80
=]

e Knm dominated by K;(1270), without K;(1400) st

K;(1270) - Knmr dominated by K*(892) & p(770)

BFs & FFs as a function of 8. in various model DO 5 K,(1270)*e v, 102+ 0.06 + 0.07

Dt - K,(1270)%%v, 227 +0.11+ 0.10

e Up-down asymmetry A;,; = 0.01 + 0.11, consistent D* - K, (1400)%*v, <014

with1d, =1inb - sy

2026/10/9

D% - K, (1400)*etv, < 0.07
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Summary

Gr
Mfi —_ \/_E

* |V4| related: Precision |Vs| & |V,4| determined in D5y = €*v, & D = K /nt*v,

Veg X (0,P,S,V,A|qy,(1 —ys)c|D) x @, yH(1 — ys5)vps

with input from LQCD calculations.
* FFsrelated: FFs at g% = 0 extracted from Dy — P,S,V,A, aswellas T

NP related: LFU test in various channels, scalar current searched in D — K /mf*v,

2026/10/9 Recent results of (semi-)leptonic Dy decays at BESIII 17
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Backup Slides
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Observation of D — T](')f +V£ arXiv: 2506.02521

PRL 134 (2025) 111801
- 100F 300
oo D = v, TR D7 e o
== D'—>n'n’ L e er backgroun > %
% g+_):.n+no Other background § Sioo
o L e Other background o0 —
= | 100F e e =
;;50- 501 :;: [ DN e Ve Zaof
5 [ I
g2 JF Sor 100}
0 - K 0 .S A ."‘: L L
-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.2
Umiss (GeV) 0.2 0.1 0.|0 011 0.2 —6.1 0.|0 011
Umiss (GEV) Umiss (GEV)
BF (x10°%) | [Vealf,(0) (x1073) Coe s
D CTE Y 1.07 £ 0.19
D* - n'e*v, 1.7940.19 £ 0.07 Tptonetv,
. . 59.2+ 5.6+ 1.3
D* - n'u*v, 1.92+0.28 +0.08 [p*mutv,
= 0.93 £ 0.05
D* - ne*v, 9.08+ 0.35+ 0.23 [p+onetv,
78+2+1 ] .
D* - nuv, 9.75+0.29 £ 0.28 Consistent with SM values
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Observation of D — n¢*v,

AT/ f_\.q2 (ns'GeV?icY)

£.(q)

t=et: £t = u™: PRL 132 (2024) 091802
T = e™: PRD 108 (2023) 092003 = U P B e 1 PO L S S A L
RQM (10] 0.443 . RQM [10) 0.559
— T T T T T CLFQM [223] 0.49070 0 Il CLFOM [223] 0.599-0017 -
R B N BN I A ' EDEE (@ T $Diom v o ] , ) oo Q -hoz1
0 ety 1 0 ety 60F YD;_)“-‘:T why 1 et u . LFQM(I) [224] 0.50 LFQM(I)! [224] 0.62
. ~ 60f L I T L ]
T e, Y L T L e I ogoiow  wv, ] |LFQM@D'  [224] 048 LFOMQD!  [224] 0.60
[ ' £ Y - i = T h 2 a5
10 — Simple pole 18 Ve a3 1004 ’f*§ B T 1 |LFoM 205 076 ccoMm! [225] 0.59-0.09 i
E Modified 1. 3 o [ “T\%\ 5 1 ccoM! [225] 0.49+0.07 i CCOM? (256] 0.7340
— 2 Par. z seriesf g 201 ‘L@\\ T '\%—-H,_\i_r 1 ccQM? [236] 0.78+0.12 — Q 2:”’ 132011
T r i S % ] |cam (237] 078 . coM (237) 0.78 v
20 —{—< T 1 or srr ' ' ! © i ! @ ] 3PSR (226]  0.50+0.04 1= LCSR' [227] 0.544 5, =
1 1.5 v T ]L LCSR! [227] 0.47670580 [ LCSR? [228] 0.548" 0! ——
| | [ . } ,"‘: / LCSR? [228] 0.522;09% ——i LCSR®? [229] 0.55+0.18 —_—
0 i S S élﬂ-‘ - _7_,_,/:7 B o 7_,/7 LCSR® [229)] 0.45+0.14 ————y LCSR! [230] 0.52+0.08 —e—
Lok i 1 i } ¢ I ; 1/ E_ LCSR! (230 0.432+0.033 et LCSR® (231) 0.58:08 ,
t T i 1 1 |Los®® 2a1) 049y '8 LCSR® [232] 0.5010.054 et
L + i , , , 1 . N d 232 0.4670.022 1 "
0.5F t t t = t = LCSR1 [ ) '] Iy LCSR’ [233] 0.543 702 -
£ A 1 —RQM [33 © - ® o |Lcsr (233]  0.M975 i
P oRov I 1 LCSR® [234] 0.57L gy gl
< [ 1 ] LCSR® (234 0494 5y T LQco 238 0 404133:125 Fed
1 . I " ‘E‘; ok 3 i ] T i 1 LQCD,, o7 pev [238] 0.542+0.013 ol LQCDmfm Mev [238] 40410,
1 2 ok, %;___ P }777 . - 238] 0.437+0.018 bt
1 i ;// 1 ] < ﬁ' 3 f $ ? % 1~ $ il LQCD, ey [238] 0.564+0.011 " m =170 Mev [
. [ I % ] Theory average 0.480+0.012 ] Theory average 0.552+0.019 -
L 1 Ll 1 I Tt L L L < L .
02 04 06 08 0.0 05 10, 1.5 0.0 0.5 1.0 |BESHI| = [115 117] 0.465330.005810.0069 W) || [pESID [us—‘llﬂ 0.§35:0.020:0.011 b
q (Gev ,"Cd) qz (GEV 'fct) 05 0 0.5 | | | | | | | L 1 |
qz (Gevzl b : Do . -0.5 0 0.5
£ (0 oo
. 0

BF (%) [ OIV.

Dy - n'e*v, 0.81+ 0.04 +0.03  0.53 +0.03 + 0.01
* LFU:R, = (0.99 £ 0.03 £ 0.02) &R, = D& - n'utv, 0.80 + 0.06 + 0.03  0.50 + 0.04 + 0.01
Df - netv, 2.26 + 0.04+0.05  0.45+ 0.01 + 0.01
DS - nutvy, 2.24 +0.05+ 0.05  0.45+0.01 + 0.01

o Data sample: 7.33 fb~1 DID;¥

(0.99 £ 0.08 £ 0.03), consistent with SM
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Observation of D} - Knftv,

Events/0.01 GeV?/ ¢4

arxiv:2605.07176
80:.6:.:% v aaanrennanns BN
: >
O]
G
S
S
ﬂ
[
(O]
i

-0.2

-0.1

0 0.1 0.2

M? (GeV?/c?)

[ D~ K‘Ow‘vu - Data
60 === D> K*'n'r*n’
[ === Other bkgs ]
02 01 0 01 0z
M? (GeV?/c#)

» Data sample: 7.33 fb~* DID;*
LFU: R = 0.97 £+ 0.14, consistent with SM

2026/10/9

AT/AG (ps'GeV?)  ATVAG (ps'GeV?)

S
E D K'(892) e,

e
-AFB

aé'{— } } —
CZo.sf t—_
o 05 1

g% (GeV*/c*)

FB
1

SF--cLrgm

T — ]
= This work
CCQM
LCSR,

@ Data

RQM

0.5F
o ——
0.5 =
0 05 1
g2 (GeV*/c*)

1.5

1.0

0.0

T I T T Tl
¥ This work |

+ CQM
HMy T

- LCSR
4 LCSR,

% LExQM
-~ CcCcQM
+ RQM
% hQCD
- PDG 24

-4 CLFQM
CLFQM,

PR
2.9

DF - K*(892)%*v,

DS —» K*(892)°u*v,

Recent results of (semi-)leptonic D4y decays at BESIII

214+ 18 £ 10

207 +£22+10

163 +14 £+ 8

56 +2+1
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Updated measurement of D® - a,(980)"e*v,

10f

[#1]

o

g1 ————T
- (a) ) 03l (b) ]
g 06 i i ]
B — | ]
S JFo2f 1
=, 04 = i ]
g s I .
= + |- | 4
':g 0.2 S ooaf
[ i
Fa -
0- 0» ||||||||||||||
0 0.2 0.4 0.6

7 (GeVHc?)

£2(0)

1.0

2.0

|

* This work

.............

2, . L4 4
B(D"—a,(980)¢*v, ) (x10)

Phys. Rev. D 111, .091501 (2025) , based on 7.93 fb~! data sample @3.773 GeV , Npr~50

B(D° - a,(980)~e*v,) X B(ao(980)~ —» ™) = (0.86 + 0.17 + 0.05) x 10~
First extraction of the FF: £2°%®(0) = 0.559 + 0.056 + 0.013

Pin down the nature of ay,(980) by comparing with theoretical calculations
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