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Measurements of |V 45|, decay

constants, and form factors in (semi)-
leptonic D decays at BESIII

Xueyin Liu, Wuhan University
On behalf of BESIII Collaboration
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(1) Motivation
(2) BESIII dataset and double tag method
@ Leptonic D4, decays

(4) Semi-leptonic D,y decays
>D(s) — Pl+Vl, D(S) - Sl+Vl, D(S) - Vl+1/l, D(S) - Al+1/l
(P: psuedoscalar; S:scalar; V:vector; A: axial-vector)

(5) Summary and prospect
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@® Charm physics

D° 7 Dt ;g Ds
» Nonperturbative region = QCD " " J
a 6 a

» High precision frontier = Test SM

~

Y

®Measure |V 45| = Validate the unitarity of CKM matrix

(Vaal Vsl Vasl]  (0.97367 +0.00032  0.22431 +0.00085 0.00389 + 0.00016
IVekmlppG = | [Veal  [Vesl Vel | =] 0.2261 £0.0027  0.9669 +0.0038  0.0407 + 0.0013
Vil Vil [Vipl) | 0.0086 +0.0002  0.0415 = 0.0009 1.002 + 0.024
\Vual® + Vs + [Vip|* = 0.9984 + 0.0007 Veal” + [Ves|* + Vepl? = 0.991 £ 0.010

/

\Voul? + [Vegl + |Vial> = 0.9986 + 0.0011 Vil + |Vool? + [Vio> = 0.991 + 0.010

®Current precision of |V, 4|: 0 = 1.2%  |V.|: 0 = 0.4%
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leptonic decay semi-leptonic decay

G2lpp|? ro V(S)ITv) x
= & Vi Pl P (L= iy o e =X Ve 1) (Desy = VW)
8m cq D(_Z) mEmD(':) mﬁ mD+ . o . . . |V |21(A ( 2) A ( 2) V( 2) )
& X is a multiplicative factor due to isospin cd(s) 1\q7), A297), V\q ), -

dm?dq?dcos(0y,) dcos(8;)dy

® Decay constants and hadronic Form factor (FF) = Test and calibrate LQCD
® Branching fraction (BF) ratios Rfm, Rff/e = Test Lepton flavor universality (LFU)

® BF and FF measurement in semi-leptonic decays = Study light hadrons
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BESIIlI dataset and double tag method

Process Data size Energy region Tag yields(x10°)
e*e” — Y(3770) > DD | 203 fb~! 3.773GeV | NP ~ 169, N2 ~ 115
ete”™ — DD 733 b7 | 4.128-4.226 GeV Ngs ~0.8
ete™ — DD 10.64 fb™! | 4.237-4.669 GeV N3 ~0.12
. ® Near threshold = clean environment
”

e* e” _ _ _ o Umiss = Emiss — |ﬁmiss|
—> 4/(3770) <~ — ® |dentify neutrino with missing energy

2 2 - 2
Ll |pmiss|

D*/D° {él’lil%l!!.}
) / \ - ® Systematic uncertainties from single Nip

Bmg -
tag mostly canceled N

i
ST DT/
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-+ Data 4 :’:T\ - —3— Data ?‘_\
800 — All PDF X*/NDOF=1.0 _ R Total Fit R
[ - -Signal PDF + ] % 80 — D> v, T WV, %
3 _ _—?Jrl:tll])ackground A Q i D' v, > 400
S 600 . +37 - D*— n'n* ~
% e ;u(;/)ﬂ? VVe g_ 60 . —— D> Ktn g_
E [ Other background e L D' Kgn =
~ - +
= 400~ 340__5:””5 E
=~ B = | = D'> t*v_ T*— non m'v, =
< o | o 200
= E | = Smooth bkg {5
od
> — 20
2 200 L
%; 0{ "30'““‘*61" ) ok 202 , 0 z?bé ' = 2 , o M;@i
VU VU, . . . 2
Mlzniss (GeVZ/ 4 M miss (GeV/c?) M miss (GeV/c?)
t-like: Egyc > 300 MeV p-like: Egpmc < 300 MeV

> data sample: 20.3 fb~1@3.773 GeV

> data sample: 7.93 fb~1@3.773 GeV
B(D" — u'v,) = (4.034 4 0.080,;,; £ 0.0404,) x 10 * (6~2.2%)

B(D" = 77y,.) = (9.9 & 1.1, £ 0.54) x 10* (6~12.2%)

Fo+| Vel = (48.02 + 0.48,; + 0.24.5¢ + 0.124¢ + 0.155y) MeV o+ [Vig) = (45.9 + 250 + 1.2 £ 0.155p0) MeV  (0~6.0%)
(6~1.2%)
fp+ = (213.5 T 2.1t = 1. 1gps = 0.8input = O.7EM) MeV
|Vea| = 0.2265 £ 0.00234;,¢ + 0.0011555; + 0.0009;,pu £ 0.00075

fD+ — (204 :l: llstat :I: 5syst :l: ]-input) MeV
Vea| = (0.216 £ 0.012,45 = 0.006,y5, = 0.001 1, )

= 2.97+0.67 Consistent with SM prediction: 2.67 R, =249+ 0.31

2026/07/15 R,
= No LFUV
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© 400~ — PDF: Total
o

> B POF: signal
c I FoF: kG
o 200

>

L

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Events / (0.1 GeV)

O ————
s 2L ot bbby by b
& F HiH TR S TMR I E
06 04 02 0 o2 R
80T PV
> data sample: 7.33 fb~1@4.128 — 4.226 GeV | o=
B(D}! — 7"v,;) = (5.44 £ 01740t £ 0.1346) % (0~3.9%) e o B ;'A(G-e—v)'

fD;r“/cs‘ = (248.3 + 3'98tat + 3'Osyst + ]—'Oinput) MeV

fD: = (255.0 + 4'05ta,t + 3'1syst + ]-'Oinput) MeV
V| = 0.993 £ 0.0154a; = 0.0124y == 0.004imp00

2026/07/15

B(D; — 7tu,) = (5.37 £ 0.17gae & 0.1545)%
ij“/CS‘ = (246'7 j: 3'gstat :I: 3'65yst) Mev

for = (253.4 £ 4.0, + 3.75y5) MeV
|Vis| = 0.987 4 0.0164:,; + 0.014y

(6~2.0%)

R,,, =9.81+0.33 Consistent with SM prediction: 9.75+0.01 £/, = 9.89 £ 0.50

(6~4.2%)
(0~2.2%)
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- [ ] Matched y(x® )Ds - v, N
 [_] Unmatched y(n%) D:—D W, B

300 — l:l Real-D_ and non-D_

10

S "
[ ——

200

—
>
=

Events / (8§ MeV%/c4)

02 01 0 0.1 0.2
M2, (GeVZcd)

> data sample: 7.33 fb™ 1@4.128 — 4.226 GeV

B(D! — p'v,) = (0.5294 & 0.0108,,; & 0.0085,y)%
(6~2.6%)

I |Ves| = (241.8 £ 2,550 £ 2.25) MeV  (0~1.4%)

for = (248.4 & 2.5 £ 2.24) MeV
|Ves| = 0.968 4 0.0104;5¢ & 0.009y

006071 Reyu =10.05£0.35  Consistent with SM prediction: 9.75+0.01 R/, = 10.04£0.29

+ + + +a) 3
Dg -7 Vr,f _’f })’evr' arXiv:2606.11593v1

utv vt,n V, T TV,

- ¢ Data ¢ Data
; 4000 2 D _>T Ve = Best fit ; 2000~ D:—)‘EEVT L) Bes: fit
6 N - . Non-D; BKG 6 - . Non-D, BKG
= 3000 DoK'y, — 1500 . DI=Kjutv,
= C .. Other BKG S - Other BKG
~ 2000 1111 Signal = 1000 " 110 Signal
ER R
g o L4 g - H
= 1000 = 5004
b | 3
0 0.5 1 1.5 2 0 0.5 1 1.5 2
exgam exgam
E,;.  (GeV) E, ;. (GeV)
o . R .
2 g0k Do 2 bt & F Dom Ko
600 Best fit
> - - Djoptv > 300 R P
L D‘—)K"np‘ -] - = D{—-nr'x
g 3 : 3 C D! K"
= 400 i S 200 Other BKG
= = - voen Signal
~ - ~ -
2 200 £ 100f
) ] i
> =
= =

I P R At A B L1 AL R L T Y TR LYV TPRRN OO
-0.2 . X X 0 0.5 1
Miliss (GeV2/c4) Miliss (GeV2/C4)

B(DF — 7v;) = (5.37 + 00845 + 0.064)%  (6~1.9%)

o | Vis) = (248.2 £ 19,401 + 14y % 06550 + 0.85y) MeV (a~1.0%)

for = (255.0 £ 1900 £ Ldgysr £ 0.650p0 + 0.8py) MeV
V| = 0.993 + 0.008,4, & 0.0064y5 =+ 0.0034pu¢ + 0.003gs
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FMILC(24+1+1) ' LATR012,1592012) | ' ' " T 2hod+3+36 ' |wem ' ' '
FMILC(2+1+1) LATTICE 2013,405(2014) 212.3+0.3+1 .
FMILC(2+1+1)  PRD 90,074509(2014) 212.6+0.4 .
ETM(2+1+1) LATTICE 2013,314(2014) 202+8 —a—
ETM(2+1+1) PRD 91,054507(2015) 207.4+3.8 -~
FMILC(2+1+1)  PRD 98,074512(2018) 212.7+0.6 .
~ 0,

FLAG21(2+1+1) EPJC 82,869(2022) 212.1+0.7 0~0.3%
HFLAV23 PRD 113,012008(2026) 206+4.7 —— 0~2.3%
CLEO 0.818fb '  PRD 78,052003(2008) D' utv,  205.88.5+25 —e—s
BESIII 2.93fb ' PRD 89,051104(2014) D' utv,  2032153+18 e
BESIII 2.93fb ' PRL 123,2118022019) D" t*_v. 224.5+22.8+11.3 .
BESIII 7.93fb ' JHEP 01,089(2025) D*o thov, 204£11%5 —e
BESIII 20.3fb ' PRL 135,061801(2025) D' u*v,  213.5+2.1+1.5 [
BESIII Combined D*'> l+v| 2131125 = g~1.2%

| | | | | | | | | | | | | | | [ | | | | | | | | | |

0 50 100 150 200 250
f l)+(MeV)

|
247.244.1 -
L]

ETM(2+1+1) PRD 9,054507(2015)
FMILC(241+41)  PRD 98,074512(2018) 2499404 0
FLAG21(2+141)  EPJC 82,869(2022) 249.9+0.5 d~0.2%
HFLAV23 PRD 113,012008(2026) 251.8+2 =0~0.8%
BaBar PRD 82,091103(2010) DI u'v,  2657%8.4%7.7 ——r
Belle JHEP 09,139(2013) D! I'y, 255+4.244.4 o
CLEOO06fb™  PRD79,0520012009) D! 1'v, 263.3+8.2+3.9 ——
BESII3.19tb " PRL122,071802(2019) DI p'v, 2529437436 i
BESII632(b " PRD1040520092021) Dl u'v,  249.8+3+3.9 - |
BESHIZ33fb "' PRD108,1120012023)  D!>pu'v,  248.4+2.5+22 vl
BESIII 10.64fb " PRD 110,0520022024) D! u'v,  283.2+6+3.7 e
BaBar PRD 82,091103(2010) DIt v,  258.6+6.4%7.5 | D
CLEOO.6b™  PRD80,1120042009) DI\ v,  257.8%133252 ——
CLEOO06fb™  PRD79,0520022009) D!t _v. 2525+11L1#52  w—mg—
CLEO 0.6t ™ PRD 79,052001(2009) DI v.  2787+17.1:38 ———
BESII0.482(b " PRD94,072004(2016) DI I'v, 241416.36.6 e
BESHI632(b " PRLI127,1718012021)  D!>< _v, 251142433 "
BESINI 6.32fb  PRD 104,0520092021) D>t v.  249.7%6+4.2 —
BESII6.32fb " PRD 1040320012021) D! >©. v, 2516459449 e
BESHI 733" PRD 108,092014(2023) D>t v.  255:4%33 |
BESII 7.33tb ' JHEP 09,124(2023) DI v, 2534%4:37 . -
BESIII 10.64fb " PRD 110,0520022024) D' ©v, 259.643.7+4.6 o
CLEO Combined All CLEO results 259.5+6.6+3.1 L .
BESIII Combined D! >tv, 253322 k
BESIII Combined D = utv, 249.3+3 -
BESIII Combined D > 1"y, 251.9+1.8 cg~0.7 0/0

o b e b by Ly By

50 100 150 200 250

S D;(MeV)

» fp+and f+ are measured with precision of 1.2% and 0.7% at BESIII, and they are consistent with
the LQCD calculations.
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D(S) — Pl+Vl: D — I?Z-I_Vl

e ] N I _ arXiv:2601.21185, 2601.21196
'f; \h\-— Data:ﬁueﬂ: 1 i ~ Data:K’ I-l*'Vt ] 1.5 L()lzgosa:;culaﬁon =
S T ha —FitKe'v, 1 3 50 —FitKu'v, LQCD uncertainty 7
S T Rew 1%, e * ] (a) 1 ) 0.08f (¢)
o S o 1% g4k ] a .08 (c
S K—&g ‘S 20 1 0.10f
) 0 0.5 I ;;}i; ) 0 05 1 s ] 0% 05 I is : 0.051 ' " |
@ (GeVYch) @ (GeVich) T @GV X
_ (d)DDd.my . . : (E)Dm.emy : 1 0.00} * %53 0.00f * =50.00} *

1,5:- ;i/_N;:::m.sns - L5 x_z.j:NI;J::ZD.SﬂS — _0.05- ‘o \ ool 004l

A Jj 1o [ —™ ' —0.10f g5 resion o thue e
& L P~ _ B i 99% region | D> Kty -0.08f D Ketu,

f ] ] .06 003 000 08 006 016 008 000 008 0.6 T O
| Re(ck) e, ch
S Teewa T L - - - Re(c”) = 0.017 % 0008, & 0.006,4

- I isi I
> - 20. @3, Improved precision
data sample 20.3 tb™"@3.773 GeV e e e e e e e o " Im(cy) = +(0.077 + 0.0114;,¢ + 0.0094;4;)
B(D® — K e'v,) = (3.548 £ 0.0064,; = 0.017,«)% (0~0.5% . - .
( ; )= wat )% ( 0) Extracted Wilson coefficient deviates from the SM
B(D" — K p'v,) = (3.445 £ 0.007sat + 0.0174)%  (6~0.5%) prediction with a significance of 1.90
B(D' — K''v.) = (8.928 £ 0.0254¢ £ 0.05055:)%  (0~0.6%) £1(0)[Vis| = 0.7183 4 0.00074a £ 0.00145; (6~0.2%)
B(D" — K°u'v,) = (8.770 + 0.029;,; + 0.053,,5)% (0~0.7%) £+(0) = 0.7378 £ 0.00074;a¢ + 0.0014,,; Bestprecision!!

|Ves| = 0.9639 £ 0.0009ta¢ = 0.00184yst £ 0.0040Lqcp

RY, = 0.971 £ 0.003a % 0.004yst

Consistent with SM prediction: 0.975+0.001 .

2026/07/15 RI?/; = 0.982 & 0.0040¢ £ 0.0024y4



D(S) — Pl+Vl: D — 7’](’)I+Vl

)R 7 1 AR VRS PRINIBAN 80 1N(2025) Dt - nltv, arXiv: 2506.02521v2

P '+. ; a — - : ] s s
[ fﬁam_;tw Vp @ ] 1.5: = r(r?l(lil:)‘;;l[:] —E(C:g:l[;]” © ] — (i)z series(2 par.) (1) gﬂag:\‘f}: (b) (ce) ALJAT(m—Y)
L ] [ ] - D one’v, DT’ 5 - i 3 v ¢
[ LCSR[8| --LCHO[MO] ] 1o  Thewirk  Thomik g [7rseriesCran) (@ Qllodiln 08 S AL/AT (> Tr)
- me T C © CCQM [1] g CCQM [1] &= k. v ol
1 7 CCQM [6] ~ CCQM [6] > 1
o - l £ LCSR[7] -» RQM [9] - 5 F 0.6 3
< T 5 LCSR [8] . - o ¢ |
L ;£ : i 4| | (L
n ' ] -~ 0.4 - ®
'Tw l 0.5 1
<] T T T T n T T T L L < - (P
£ 0.6} - 0.4 1‘ - = 0.2 @
o b EDT S e, (b) [ 4 AT/AL, (d) 1 40 =
< [ —Datafit ] 4| — SM prediction - - . . i ! s : ' ' :
5 i 1 " L ] % 0.5 1 15 % 0.5 1 15 % 05 1 15
L 0 z 4 6 q? (GeV¥cH) 2 (GeV¥cd) Q2 (GeV¥cd)
2L ] B(D —nTv) (x107
L J L | —_— _— —_— _— —_— _— —_— _— q
_ I E|
—— i ] . -1 | ol
S ST > data sample: 20.3 fb~1@3.773 GeV Improved precision |
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
h —_— _— —_— _— —_— _— —_— _— ‘

@ (GeVY/c)
(first observation) B
B(D* = 1/'uty,) = (1.92 + 0.284s + 0.0845t) X 10% (6~15.2%) B(D" — nu'v,) = (9.08 + 0.354, +0.23,) x 10°* (0~4.6%)

+ +oN 4 N 0
B(D+ . UIEJrVe) — (1.79 = 0.19uat = 0.07s55¢) X 104 (6~11.3%) B(D" — ne've) = (9.75 + 0.294,¢ £ 0.284y5t) x 10 (0~4.1%)

F7(0)[Vea| = (5.92 + 0.56410¢ + 0.1345) x 1072 (a~9.7%) F1(0)[Vea| = 0.078 £ 0.0025a £ 0.001syse  (0~2.9%)

£7(0) = 0.263 £ 0.02545; = 0.0065,5c  (5~9.8%) £7(0) = 0.345 + 0008 + 0.00355;  (0~2.5%)
n —n' mixing angle: ¢, = (39.8 + 0.8stat + 0.3syst)"
R,/ = 1.07 + 0.194. + 0.034y4t No LFUV R,/ = 0.93 + 0.0550: + 0.024

p/e
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AT/A ¢? (ns'GeV™?)
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PRL 136, 161802 (2026)

2.0 —#— DATA: D} K’*v +D! - K'u*v,
T e e ’ Loco
4 [ T ] ---CQM
> 6 1 (b) —#- Data: D] K'u*v,, | Lok,
5} [ ] S LS CLFQM
,ED - 1 \9_/: CCQM /,/
2 44 ~ 1 ) 1.0 o ,_/J:‘:’:':":‘:”'_,,——f—‘,j —————
o —+— ] S e
g * 4
[ ] 2l o —
q 1 L I ?\- = (2) e —
00 05 10 15 20 4
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i ] L e L L I
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[ s [ + CQM
NS 1'5 _ }— & 4 - 3o @FHMX’I‘
v o [ —147’— = [ il LCSR,
E MM 1.0 7+_" + | | | E ; L ?: o LCSR, |
0.5 L ] 23 - ¥ ¢ CLFQM, ]
' 1 J. Eo -+ # CLFQM, -
1 L I 1 ] % L e e % CCQM
0.0 0.5 21.0 21.5 2.0 2 ¢ oL
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q* (GeV?) 2 3 1 5 6

CQM |

LCSR,
LCSR,
CLFQM,
CLFQM,
CCQM
RQM
hQCD
LQCD

This work 062300360011 - (o ’76-0

| | | I
0.72 .

0820}, -
0.6921 et

0.67 .
0.660.02 b
0.60+0.09 ——

0.674 .

0.57 .
0.6307:0.0020 .

B(D!— K'u*v,) [x 10°7]

> data sample: 7.33 fb~1@4.128 — 4.226 GeV

B(D} — K°uv,) = (2.89 4 0.274, + 0.12,,5;) X 1072 (6~10.2%)

e _
R =

2026/07/15

097 + 0*123’5&1: + 0-04syst

I First measurement |

h________‘

No LFUV

0

04 06 08

£<'(0)

0.2

FE(0) = 0.623 4 0.036,40¢ + 0.01 144
Via| = 0.222 + 0.013,5¢ + 000545 + 0.001r00p
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Form factor f; (0)

I I I I j ! I I l I I ! | L7 I ! I I I I | I I
QM PG 39,025005(2012) 0.762 .
RQM PRD 101,013004(2020) 0.716 .
ETM PRD 96,054514 0.765+0.031 ——
LCSR IJMPA 21,6125(2006) 0.661:0.067 ——e—
LFQM JPG 39,025005(2012) 0.79+0.01 -
LQCD PRD 96,054514(2017) 0.765+0.031 —
CCQM Front.Phys.14,66401(2019) 0.78+0.12
LQCD PRD 104,034505(2021) 0.738+0.0044 .
LQCD PRD 107,014510(2023) 0.7441+0.004 .
LQCD PRD 107,094516(2023) 0.74520.0031 .
FLAG21(2+1+1)  EPJC 82,869(2022) 0.7385+0.0044 .
FLAG24(2+1+1)  PRD 113.014508(2026) 0.743+0.0027 o 6~0.4%
HFLAV23 PRD 113,012008(2026) 0.7376+0.0034 s+ 0~0.5%
Belle PRL 97,061804(2006)  D—Ke*v,  0.695:0.007+0.022 e
BaBar PRD 76,052005(2007) D' K e*v,  0.727+0.007+0.009 -
CLEO 0.818fb"  PRD 80,032005(2009) D— Ke'v 0.739:0.007:0.005 -
BESIII 2.93fb"  PRD 92,112008(2015)  D*— K| e*v,  0.748+0.007+0.012 -
BESIII 293fb”"  PRD 92,072012(2015) D' K e*v,  0.7368+0.0026x0.0036 o
BESIII 293fb”  PRD 96,012002(2017) D'~ K e¢*v, 0725:0.004:0012 e
BESIII 2.93fb”"  PRL 122,011804(2019) D' Kp*v  0.7327x0.0039x0.003
BESIII 7.93fb”  PRD 110,112006(2024) D— KI'v, 0.7366+0.0011+0.0013
BESIII 203fb”  2601.21185 D' KI'v, 0.7355:0.0007=0.0014 + G5~0.2%
| I | Il ] Il | | 1 1 Il l L 1 | 1 1 Il 1 I l. |
-0.4 -02 0 02 04 0.6 08
[ (MeV)

> fK(0) and £ (0) are measured with precision of 0.2% and 1.4% at BESIII, and they are consistent
with the LQCD calculations.

> The precision of FF £77(0) is expected to be ~0.5% with 20.3 fb~* data (results will soon be ready).

2026/07/15

] | I ] | I I | I I ] I I | ] ! ! 1 ! !
HPQCD PRD 84,114505(2011) 0.666+0.02+0.021 e
ETM PRD 96,054514 0.612+0.035 —
FLAG21(2+1+1)  EPJC 82,869(2022) 0.612+0.035 —.—
FLAG24(2+1+1)  PRD 113.014508(2026) 0.6296:0.005 « 0~0.8%
HFLAV23 PRD 113,012008(2026) 0.6342::0.0082 -0~1.3%
BaBar PRD 91,052022(2015) D'— wetv, 0.61+0.02+0.005 —
Belle PRL 97,061804(2006) D" x1'v 0.62420.02+0.03 ——
CLEO 0.818fb"  PRD 80,032005(2009) D>z e'v 0.666+0.019-0.005 ——
BESIII 2.93fb”  PRD 92,072012(2015)  D"— m e*v 0.6372+0.008+0.0044 = 0~1.4%
BESIII 2.93fb"  PRD 96,012002(2017) D*—xa'e*v  0.622+0.012+0.003 -~
| | | | | | ] ] | | | | | | | L I | | | | | | |
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[, (MeV)
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D5y = SU*v;: D - ay(980)"e* v,

> data sample: 7.93 fb~1@3.773 GeV
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ap _ N .003. L ed
+ (0) ‘1/;:{” 0.126 :l: 0.013&1;41: :I: 0 003[—,3{51} I FirSt measurement Of f:l_O(O) :

%(0) = 0.559 =+ 0.0564; + 0.013,,4;
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FLAG21(2+1+1)  EPJC 82,869(2022) 0.9741+0.0065 -
FLAG24(2+141) PRD 113.014508(2026) 0.9667+0.0096 -
CKMfitterr PRD 110,030001(2024) rDG 0.97349+0.00016 . 0 "’O
HFLAV23 PRD 113,012008(2026) 0.9691:0.0045 . O'NO
CLEO 0.818fb™ PRD 80,032005(2009) D-—-Ke'v, 0.985+0.009£0.103

BESII 2.93fb! PRL 122,011804(2019) D'— K'p*v 0.955+0,005+0.024 —

BESIII 2.93fb™! PRD 96,012002(2017) D*—K e*v,  0.944:0.005=0.035 —

BESIII 2.93fb™! PRD 92,112008(2015) D' K| e'v,  0.975+0.008=0.029 —

BESIII 2.93fb" PRD 92,072012(2015) D°—K'e*v,  0.9601+0.0033+0.0244 o

BESIII 7.93fb™! PRD 110,112006(2024) D— KI*v 0.9623+0.0015+0.0043 .

BaBar PRD 82,091103(2010) D;—<" v 0.953+0.033:0.047 ———

BESIII 6.32fb™ PRL 127,171801(2021) Di—<' .v.  0.97820.009:0.012 -

BESIII 6.32fb™! PRD 104,032001(2021) D{—=<'. v 0.98+0.023+0.019 ——

BESIII 6.32fb™! PRD 104,052009(2021) D—<' _v 0.972+0.023+0.016 e

BESIII 7.33fb" JHEP 09,124(2023) Dj—t, oV 0.987+0.016+0.014 —

BESIII 7.33fb" PRD 108,092014(2023) D; -~ r:_\_‘v 0.993+0.015=0.013 ——

BESIII 10.64M" PRD 110,052002(2024) D —»r‘v: 1.011+0.014+0.018 r———

BESIII 3.19M" PRL 122,071802(2019) D:—p*v, 0.985+0.014+0.014 ——

BESIII 6.32fb™! PRD 104,052009(2021) D! p*v, 0.973+0.012+0.016 ——

BESIII 7.33fb™! PRD 108,112001(2023) D} p*v, 0.968+0.01+0.009 -

BESII 10.641b" PRD 110,052002(2024) D;— u*v,, 0.986+0.023=0.014 —

BESI 203fb"  arxiv:2601.21185 D""KI'v,  0.9608+0.0009:0.0044 § g~()

BESIII Combined D =ty 0.9716+0.012 o

BESIII Combined Dy =1y, 0.9864+0.0086 -

BESIII Combined D —=1"v, 0.9814+0.007 -
||||||||||J||||Jl|11||||||l|||||
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> The D —» K1*v; processes provide |V.;| with the highest precision (~0.5%).

02%
.5%
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-1

» The D — [*v; processes provide |V, | with the highest precision (~1.2%); The precision of V4] is

expected to be ~0.9% with 20.3 fb~! data via D — ml*v; process.
2026/07/15
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FLAG21(2+1+1) EPJC 82,869(2022) 0.2236+0.0037 .
FLAG24(2+1+1)  PRD 113.014508(2026) 0.2229+0.0064 <
CKMfitterr PRD 110,030001(2024) PDG 0.22486:0.00067 « 0~0.30
HFLAV23 PRD 113,012008(2026) 0.224+0.0028 « 0~1.3%
BaBar PRD 91,052022(2015) D' xwe*v,  0.206+0.007+0.009 o
CLEO 0.818fb"  PRD 80,032005(2009) D> e*v, 0.234:0.007+0.002 e
BESINI 293"  PRD 92,072012(2015) D’ me'v,  02155:0.0027£0.0095 o
BESIII 2.93fb"  PRD 96,012002(2017) D*—x’e*v.  0.21x0.004+0.009 -
BESIII 2.93fb”"  PRD 89,051104(2014) D' p*v 0.221+0.0058+0.0047 -
BESII 2.93fb"  PRL 123211802(2019) D'’ v,  0.237+0.024x0.012 " -
BESIII 7.93fb"  JHEP 01,089(2025) D't v, 0216x0.012:0.006 b
BESII 20.3fb"  PRL 135,061801(2025) D" v, 0.2265+0.0023+0.0015 .
BESIII Combined D—-al'y, 0.2127+0.007 -
BESIII Combined D' ="y, 0.2261+0.0027 v 0~1.2%

| | | I | | | | | | | | | | | | | I | | I | | |
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D(s) — V(S)l+vl D° - K Ve,

o, | Due ¥?INbin 11311‘73 15 5: 1501 I K ‘ ‘ ‘ ] :
S . N AR | ] arXiv: 2603.00743v1
8 Background S e ] : Model-independent solution " : . + Model-independent solution 1
:'”—:15007xmh ~137.3/87-1.58 b 3 7 ’53100-*N0minalsolution “ — "8 — Nominal solution B
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5 x Gooifgiiﬁgfémd ] 0.8 mK'ln: D(Ge{y%&) 14 16 08 mK.lzg(Gel\'lecz) 14 16 bfg/ %%(S/.ev Q/C) (2)?; i 8?2 i gﬁ
= - Pave First model-independent measurement of the ﬁiﬁeﬁvﬁ % 704 011 £ 0.02
§ ] phase shift (magnitude) of the S-wave ry 1.41 4+ 0.05 + 0.01
g . T | LT T ro 0.77 +0.04 + 0.02
B — S NN : e M (s02)- (MeV/c?) 892.9 £ 0.2
| q (Ge‘V /ct) | | cos“ K | i e ] F(}{*(ng) (MeV) 479+ 05+04
¥2/Nbin=109.8/100=1.10 ¥/Nbin=131.1/100-1.31_| 0 g Y - ] "BW (GEV/C) 3.33+0.17 £ 0.16
; ':E%Pf - ] rp(GeV) ™% 11.0+1.6£1.7
o8t ' ) o ] ¢p (degree) —-16.9+ 7.7+ 3.0
- I fs (%) 5.86 +£0.18 £ 0.21
0.
\ 4;‘ o fr (%) 93.97 + 0.19 + 0.21
] i ‘ _— 1.2 ‘6 1 fp (%) 0.16 £0.05 £ 0.02
cosé, ' ?icoplanar?ty Angle)% > data Sample 20 3 fb @3 773 Gev
B(D" — K n'e'v.) = (7.878 + 0.0634as + 0.0484) x 10°* (0~1.0%) IVcs\Al(( ) = 0618+ )O-Ulﬂst;;t +0.008ss  (0~2.1%)
_ B(D" — K*(892)
0 -0 + _ -3 * —
B(D° — (K 7°)pyavee Vo) = (7.403 £ 0.0614,; + 0.048,,;) x 103 K*(892) R,/ = B(DV - K*(892) ¢ ) = 0.928 + 0.0205ta1 + 0.01 2y
B(D° = (K 7°)poyavee V) = (1.265 & 0.40945; =+ 0.0324y5) x 107° No LFUV

» 1s0spin conservation test:
. B(K"(892)"—K~1°) {1.09 4+ 0.02 + 0.02 (e channel)
K*— = =

B(k*(892)7=k¢n™)  |1.07 £ 0.02 + 0.03 (u channel)
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B(D" — K;(1430) e'v,) = (7.603 4 2.4574,; + 0.194.,) x 1077
First amplitude analysis giving the observation of K, (1430)
A0 (significance: 7.90) Hints of isospin breaking effect
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> data sample: 7.93 fb~1@3.773 GeV

B(D" — K n°u'v,) = (0.733 + 0.0144,; + 0.0114)%
B(D" — K*(892) '

B(D" — (K

B(D" — K*(892) u'v,)

(0~2.4%)
v,) - B(K*(892)" — K m°) = (2.073 & 0.039¢a; & 0.0324y) %
1) sewavelt T v,) = (4.223 £ 0.2685; + 0.2224,;) x 10°*

#e ™ B(DY = K*(892) e'r.)

= 1.020 + 0.0304a¢ £ 0.0285c N LEUV .
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B(D’ — K;(1430) e'v.) = (4.00 £ 1.224,; 4 0.78.,4) x 107
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BESIII Combined cod 1.431620.0676 - o~4
AR N R A S N RN A SR ENN S H A AN O N A B Al A
-4 -3 -2 -1 0 1 2
ry

3%
7%

» The precision of 1, and r, reach 1.3% and 1.9% at BESIII.

» More accurate theoretical calculations are needed.
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CLFQM JPG 39,025005(2012) DK 1y, 0.83 .
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cQM PRD 62,014006(2000) D— K 1'v, 0.7424 .
HMyT PRD 72,063506(2005) D— K 1'v, 0.5 .
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D) = Al*vi: D = Kie'v,
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- 05 0.0 05 1 -5 ~05 0.0 05 1.0
eosBL eosBK
¥*/Nbin=69.7/49 ()| = 100F x*Nbin=34.3/50 o] _
i 50 §
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RN z
of --MW-—-- - —
; - 0.8 10 12
M (GeV/c?) M, (GeVic?)
Variable Value
ra(x1072) -11.2+1.0£09
ry(x1072) —43+1.0425
e (%) 79.3+2.0+25.7
me(%) 109 £1.24£3.0
D
fK1(1400) (%) <35
fp,‘;- (%) 71.8+£23+£23.9
fﬂ@%(%) 195+£1.94£5.2
Dl’)
T& (1200 (%) <9
mg (270) (MeV/c?) 1271 +3 +7
Uk, (1270) (MeV) 168 + 10 + 20
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0 M-‘WM.
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**/Nbin=77.8/57 (2) S 2 Tl
— | === 3PSR
1 o = | = pxt
ﬁﬁ?nﬂ E ," — LFQM2 [10]
)
- - - K,(1270) — Kp S-wave ,; s [
- - = K,(1270) = K 7 S-wave + N
: : - - - K,(1270) - K 1 D-wave 5 |
e e e il 5

My o (GeV/cd)

> data sample: 20.3 fb~1@3.773 GeV
B(D" - K n'n’etv.) = (1.27 £ 0.064a: & 0.044ys;) x 102
B(D’ - K ntn e'v,) = (0.32 + 0.025 + 0.0244) x 1077

PRL 135, 091801 (2025)

B(D" — K1(1270)%e"v,) = (2.27 £ 0.114,; & 0.07.y5¢ £ 0.07;5p,¢) x 1077

(1.02 4 0.06444 + 0.065yst &= 0.03iput) X 1077
B(D' — K1(1400)%¢"v.) < 1.4x 107" 3 up-down asymmetry : A’ , = 0.01 4 0.11

( )
B(D" — K(1270) e'v,.) =
( )
B( 1) <0.7x 10" Consistent with SM prediction: 0.092+0.022

D" — K,(1400) e

First measurements of the hadronic FFs in the SL transitions of
heavy mesons into axial-vector mesons
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D(S) — Al+1/l: D - I?l,l,l_l_vu

—— === === '; PRD 111, LO/1101 (2025)

I First observation

% 80: %\ sol K 9
S ol = » data sample: 7.93 fb™ @3.773 GeV
=) i < 60
o v |
< 40l = 0 RD B(D* — K1(1270)°u"v,) 1034014, t+0 11
- £ He " B(DT — K1(1270)% 1) 045 No LFUV
5 20 ;ﬁ 20} R _ B(D° — K1(1270) p'v,) 0.74 4 0.13. 008 0LFU
ot O 0' 7S ple — B(DU N K1(127{])_e+ye) - . Stat—o.lgsyst
,.,iss(GeV) miM(GW) h ’
(D" — K(1270)"u )
= 1.22 + 0.1045¢ & 0.09y4;
T(D° — K,(1270) utv,)
CLFQM CLFQM LFQM LCSR
(10] 3PSR [9] LCSR [I11] LCSR[11] LCSR[I11] [12] [12] [12] This work
Decay Ok 33° 37° —(34+£13)° 45°
Dt — 1{’?# v, Predicted 260+0.30 2.70+025 1859+0.31 16.86+0.27 19.734+032 59 'g;‘f 3. 7_'3’_?? 1.4 Iggg 2.36 + 0_20_'3_-;2'3 +048 12.50
Deviation (o) 0.4 0.6 27.3 29.0 6.8 2.6 1.8
D’ — Kyu*v, Predicted 1.03£0.1 8.09+£0.15 678+£0.12 892+£0.16 237017 1.570% 054799 0.78 £0.117505 £ 0.15 6.00
Deviation (o) 1.1 28.6 31.1 5.4 2.8 1.1
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Dy = Al™vi: D - bie™v, & D — fie™v,

D - by(1235)e™v, | 2l o) 02 kel 0/

Event / (40 MeV/c2)

(b)

Event / (10 MeV)

o Kinvety,
- Klnaw
W o' K] nnn?
I 505-DB deeays

Other D decays

Event / (40 MeV/c?)

Event /(10 MeV)

M, (GeV/c)

» data sample: 7.93 fb

(first observation)
B(D° — b,(1235) e'v,) - B(b1(1235)

(first evidence)

B(D" — b,(1235)%"v,) - B(b;(1235)°

» Isospin conservation tes
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“1@3.773 GeV

—wr ) = (0.72£0.18

Wip— wrentety,

WP - K 'ty

Bo- vt

I 200-DB decays
Other D decays

+0.06
stat_0.08

syst

) x 10°*

5 wr®) = (1.16 + 0.4440; + 0.164y5) x 1074

t- D(D° > b,(1235) e'we)

=0.78 +0.19

2T(D+ — by(1235)% v

)

+0.04
st 0.05

syst

D - fietv, arXiv: 2601.16938v1

—~ —
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S 14F E = 14 3
(=] F E o E
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- E = oF E
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af E =g 3
2F E 2k -
E 3 E 1 1
0 0 L
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> data sample: 7.33 fb~1@4.128 — 4.226 GeV

(first evidence)

B(D}F — f,(1420)etv,) - B(f,(1420) — K+ K~ 7n°0) =

B(D} — f1(1420)e*v,) - B(f1(1420) — K"K 7") < 7.6 x 10*

(first upper limit)
B(D! — f1(1285)ev,) -

B(f1(1285) — wf7m n) < 1.7 x 10°*
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Summary and prospect

® Publications covered in this talk

Process Decay channel Lint (™1 / Ec (GeV)  Reference
D, ¢t D™ - utv, 20.3/3.773 PRL 135, 061801 (2025)
e D* = v, 7.93/3.773 JHEPO1(2025)089
D - 17y (7 - 1) 7.33/4.128-4.226 PRD 108, 092014 (2023)
Dt — £+ DY = 7y (7 = u v vr) 7.33/4.128-4.226 JHEP09(2023)124
s 0V D: — utv, 7.33/4.128-4.226 PRD 108.112001(2023)
D; = v (7 = €MV Ve, v Ve, 7 Ve, nt %) 7.33/4.128-4.226 arXiv:2606.11593v1
D — Kt*v, 20.3/3.773 arXiv:2601.21185, 2601.21196
Do s POt D* = y'ttve 20.3/3.773 PRL 134, 111801 (2025)
(9 Ve Dttty 20.3/3.773 arXiv: 2506.02521v2
Dt — Retv, 7.33/4.128-4.226 PRL 136, 161802 (2026)
Dy — St D" — ap(980) ¢* v, 7.93/3.773 PRD 111, L091501 (2025)
DY = K nV*v, 20.3/3.773 arXiv:2603.00743v1
D° — K-nu*v, 7.93/3.773 PRL 134, 011803(2025)
Dy — V(S)E* D® — KOr*vy 20.3/3.773 arXiv: 2603.04136v1
2 "Dt o K0ty 20.3/3.773 PRL 135, 171801(2025)
DY — K n'ttve 7.33/4.128-4.226 arXiv:2605.07176v1
DY = p(770)"¢*v, 7.93/3.773 PRD 110, 112018 (2024)
D — K(1270)e* v, 20.3/3.773 PRL 135, 091801 (2025)
Do s Ap D - K, (1270t 7.93/3.773 PRD 111, LO71101 (2025)
(s) ve D — by(1235)e* v, 7.93/3.773 PRL 136, 021801 (2026)

Dy

— fietv,

7.33/4.128-4.226

arXiv:2601.16938v1
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Summary and prospect

® Summary
» Precise measurements of f,+ and f+ In leptonic D5, decays = 1.2%/0.7%

» Precise measurements of |I7s| and |V.4| In (semi)-leptonicD gy decays = 0.5%/1.2%

> Precise measurements of form factors /X (0) (0.2%), 1 (1.3%), 7, (1.9%)... in semi-leptonic
D) decays

> No evidence of LFU violation found in charm sector

» Study of the nature of light hadrons (ay, fy, Kq..--..) Thank you.’

> More accurate theoretical calculations are still needed

® Prospect

»More precision measurements and search of rare (semi-)leptonic D) decays will be presented.
More analyses of inclusive semileptonic D) decays at BESIII are also undergoing.

> BEPCII-U has demonstrated successful high-energy operation. Additional 3 fb~! data @4.178
GeV in the near future will further improve the precisions in D, sector [CPC44(2020)040001].
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