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Outline

» Introduction

» Leptonic charmed meson decays

e Dt s ty, « Df 1"y, (I=u71)
» Semileptonic charmed meson decay

* D —P [Tv, * DV [tv, (P: psuedoscalar meson, V: vector meson)

* Dy~ Sl * Dy — AlTv;  (S: scalar meson, A: axial vector meson )

» Summary & Outlook



Introduction: Physics motivation

Charm Physics:

» Nonperturbative region = QCD

» High precision frontier = SM test

Viua Vaus Vup V,al?+ [Vis|? + [V |? = 0.998440.0007

VCKM - Vcd Vcs Vcb

Vg |2+ [Vog|? + [Veg|? = 0.9986+0.0011
Via Vis Vi

Vis|2+ |[Ves|? + |Vis|? = 0.991+0.010

Veal?+ [Ves|? + [V |? = 0.991+0.010



Introduction: Physics motivation

Leptonic decays: D(J;) - [Ty, Semileptonic decays: DE;;O — Pl

v
7(d, 5) Jpy l

2 2
[ f5Veacs)l [ o |Voaesl? |FF|?

» Decay constants and hadronic Form factor (FF) => test and calibrate LQCD

» CKM matrix elements |V,4(s)| = test CKM matrix unitarity

» Branching fraction (BF) ratios Rf/u,Rif/e => test Lepton flavor universality (LFU)

» BF and FF measurements in semileptonic decays = study light hadrons



Introduction: BESIII experiment & data information

1 [ & =

) . :
N - T TR

> Symmetric et e collider

> /s = 1.84 - 4.95 GeV

> Charm mesons collected through * TOF: or =68 (110) ps for barrel (endcap)
pair production near threshold

* MDC: 0, =0.5%, 04g/ax = 2.5% (6%) for barrel (endcap)

* EMC: o =2.5%(5%) for barrel (endcap)

Energy region (GeV) _|Single tag yields(x 10°)

ete™ - (3770) » DD 20.3 3.773 ND’ ~16.9, N3 ~11.5
ete~ - DID;F 7.33 4.128 - 4.226 Ng: ~0.8



Introduction: Double tag method

» Production near threshold: clean environment

- ;[ » Systematic uncertainties from tag mostly canceled
Tag side _
N p-—T » Almost full reconstruction

e+ —— e
.
* Uniss = Emiss — |pmiss|

h + 2 — 2 N - I/
:D * Mmiss - Emiss |meSS|
+ \ Signal side
Y
¢ e B — Nsig

Ntag€sig/€tag



D—1"v;: D* - pu*v, & D —» 7y,

+ + —
D" = utv, Dt - ttv_,tt >ty
— Tl,"like: EEMC > 300MeV ,u—likei EEMC < 300MeV
| +Data ]
600 |.—All PDF | T R . 2™

—_ | --Signal PDF i K Total Fit L

AS —All background % 80|~ D'— ', T %, =
Ny [ -t + i S F o Sl

2 vy, A ‘ g e —oke =

O 400 [—Other background . e [ D' Kot e

= e — v 3

< B g —— D'- t'v, - non 1'v, S 200

- > r — Smooth bkg >

E i M 0 = (b)

= 200 A S Ay . i I

g | 0-7 i o ok . R i
= | -02 0 02 0.2 0 02

i M:, (GeV/c?)? M2, (GeV/c2)
0 % S TR v P TP
0.2 -0.1 , 0.0 2 o 0.1 0.2 > 7.9fb~! data @ 3.773 GeV > N, = 283 + 32
M, ... (GeV7/c9)
> 20.3fb~! data @ 3.773 GeV > Ny, = 2832.7 + 56.8 > BD" > 1) =(99+114£05)x107* (0~ 12.2%)

= . ~ 0,
> B(D* > ity ) = (4.034 + 0.08 + 0.04) x 10~ (5~2.2%) > forlVeal = (459 £2.5 £ 1.2 0.1,y,,) MeV (0~6.0%)

> fp+|Veal = (48.02 4048 + 0.24 + 0.12 ,, + 0.15 ;) MeV (o~ 1.2%) > fpor = (204 £ 1150 £ Ssyse T Linpur)MeV

> = 0.216 + 0.01254; % 0. +0.001;
> fp+ = (213.5 % 2154 + 115y5 & 0.8ipye £ 0.7y )MeV Veal = 0.216 £ 0.0125¢q¢ + 0.0065y50 £ 0.00Lirpu

> R

= 2.49 + 0.31 vs SM: 2.69 > No LFUV
> Vial = 0.2265 + 0.0023444 + 0.0011 + 0.0009c & 0.007 5 o/ SR

PRL 135, 061801 (2025) JHEP 01 (2025) 089 [



DS = I"v;: D - u*v, & Df — vy,

7.33 fb~ ! data @ 4.128-4.226 GeV

+ - + o
D} > utv Dy = t7vy, 77 = ut v, vy

T T T T T T T T T
— —T i T T T T - —
......... T = ;;mﬁ;::in e " CKMFitter PTEP2022(2022)083C01 0.97349::0.00016 ' L _
| —%— Data i FLAG21 (4 141) fotyti ! HFLAV21 PRD107(2023)052008 0.9701:£0.0081 .
0 1y - .
- Matched y(x') D'— u'*v, 8 . > < CLEO 0.981+0.044+0.021 4 Ql
i X W HFLAV2L 2522025 9 CLEO LO01£0.05220.019 400
- % D* + B CLEO 2518+11.245.3 —— | 052+, - (e — . _
0 [ ] Unmatched y(x") D]—> u'v, CLEO BTMLAED et CLEO LOT910.068:0016 et - PDF: Total
300— : M CLEO 2ITEITSEA0 — KaBiar 0.953H0.033H0.047 Wt o - -
P - =,
& | [] Real-D, and non-D; i BaBar JAGEBEHIZY bt Belle L01740.019:0.028 et ~ - PDF: Signal
\O b 1 Belle 261.144.8:7.2 Lagal BESII 0.482 fb 0.956+0.069£0.020 =t 1olg —
N> BESII 0.482 75 2455E17.855.0  —e—1t CLEO 100010.04000.016  ted ﬂ
- B CLEO 2567+ 1.2+4.0 — BaBar L03240.03340.029 - - . ]
. C 3 omare Lsmomm S 200 PDF: BKG ]
E "',"E N HIB6AAE =g BESI 3.19 M 0.985+0.014+0.014 "
200 — BESII 3.19 b 2530137136 et BESITI 6.32 ™ 0.9730.012:0015 ™ >
) - ]| BESII 632 b 2408530139 ol - HI73HLO12E0.015 L —
= » by BESII 632 iy 249.716.0142 | BESIN 6.32 fiy”" 0.97210.023:0.016 |
= BESTI 6.32 ! 251.6£5.944.9 [t BESIN 6.32 10" 0.980+0.023£0.019 w1
~— [ T BESII 6.32 b A 2511424430 ] BESIN 632 M 0.978:0.009:0.012 L] —
= L B BES 0 [hepeex], TV 2554032 - BESIII 7.33 b a 0.993+0.016£0.013 ™
[ 1 [ BES! 331 n 253.4+4.013.7 L] BESII 7.33 fb! 0.987+0.016+0.014 L] O
> 00 =1 BESII v 2524417421 " Combineg BESII v 0.983+0.007£0.08 = Combined — LU L T T L
= - g — — \ o e T L oF + =
i 1 0 o0 200 30t 1 0 1 S chaldAdb bty 4y RTINE
- . f,, (MeV) S5 okH ! I 111l I O 1 T4y
: v AL R LA YN ST T A A
£ —— S et -2t t + H
-02 -0.1 0 01 02 T S S N ST S S (NN SN SR SN NS ST N BT S ST S l:

M2, (GeV¥/ch) 0.6 -0.4 -0.2 0 0.2

> B(D; > it ) = (0.5294 + 0.0108 + 0.0085)% (o~ 2.6%) > B(DF - ttv;)=(5374+0.17 £ 0.15)% (o~ 4.2%) » B(DS - t7v;) = (544 + 0.17 £ 0.13)% (o~ 3.9%)

> FoilVesl = (24184 2.5 + 2.2) MeV (o~ 1.4%) > forlVes| = (246.7 £3.9 + 3.6)MeV (0~ 2.2%) > fprlVesl = (2483 £3.9 + 3.1)MeV (0~ 2.0%)
> fpy = (248.4 & 2.5500 + 215 )MeV > fpy = (2534 £ 4.05ar £ 3.75y5)MeV > fpy = (2550 £ 40stat + 3-25y5t = 1.0inpur)MeV
> |Ves| = 0.986 £ 0.0104¢5¢ £ 0.009y; > Vsl = 0.987 £ 0.0164¢5¢  0.014 ¢ > |Ves| = 0.993 £ 0.0154¢5¢ £ 0.0125y5¢ £ 0.004npu¢

» Ry = 9.89% 0.50 vs SM:9.75 + 0.01 » Ry = 9.811£0.33 vs SM:9.75 £+ 0.01

PRD 108, 112001 (2023) JHEP 09 (2023) 124 PRD 108, 092014 (2023) 8



Decay constants

» The decays constants f,+ and f,+ are measured with precision of 1.2% and 0.6%

» These results are consisting with the Lattice QCD provided by FLAG in 2022.

II\\|\\II|II\\‘\\II‘I\\\|\II\
FMILC@241+1) | LAT R012,1592012) | " 209243436 ol ETMO#14D) PR 98545070015 2472441 o
FMILC(2+1+1) PRD 98,074512(2018) 249.9+0.4 .
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ETM(2+1+1) PRD 91,054507(2015) 207.4+3.8 3 BESIIT 3.19fb ! PRL 122,071802(2019) Di = utv, 252.9+3.7+3.6 e
FMILC(2+1+1) PRD 98.0745 12(2018) 212.7+0.6 . BESIIT 6.32fb PRD 104,052009(2021) D utv, 249.8+3+3.9 e
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BESIII Combined D' I, 2131425 o~ .2% BESIII | Combined | D! 7 v, zsw:‘w 8§ 0~0.6%
l | l l l | l l l | | l l l | l l l l ‘ | l l l | “I — ‘5“‘ — llﬂﬂl — ‘15“‘ — lzﬂol — ‘25“‘ — ‘3[“]
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D- Pltv;: D > K 1Tv; & D" - Ky,

AT/AQ? (ns'GeV2e4)

100 T T r T T . 2
o (a) _ sol ) ] L ©
- S —~—Data:K e*v, 1 j{; g —Data:K u*v, 1 [ —— This work
~. _?;f?;%fh 12 60 :g;f?;_lﬂk\f"u_: 1.5 LQCD calevlation
501 T FitK ey, - _c.; 0 —Fit;ﬁoi"vt 1 :@ I LQED uncertainty 2% 1
i N ':;‘ [ = 1f ]
L Nag(D®) =488k <. | E 20F N, (0°) = 402k : '
[ Noig(D) =149k =1 [ Ngg(D) =125k 0l . . .
0 0.5 1 15 0 0.5 1 15 S 05 1 15
q* (GeV/ %) q? (GeV¥ %) q? (GeV )
@) D'decay 1 - (©D'decay 1
15[ (*/Nbin=21.6/18 4 L5p x/Nbin=21.8/18 - > 20.3 fb~1data @ 3.773 GeV
| ——Data ) | —Data i
. [ M 5] e + ) > B(D® - K~e*v,) = (3.548 + 0.006 + 0.017)% (o~ 4.6%)
' » B(D° » K~ utv,) = (3.445 + 0.007 + 0.017)% (o~ 5.4%)
_ - g RTINS E > B(D* - K%*v,) = (8.928 + 0.025 + 0.050)% (o~ 6.3%)
@2 (GeV¥ ¢ 2 (GeVY/ ) o
> B(D* - K°u*v,) = (8.770 + 0.029 + 0.053)% (o~ 6.8%)
D% _
Ruye = 09721 0.003 £ 0.004 (o~ 5.1%) > V4| = 0.7183 + 0.0007 + 0.0014 (6~ 2.2%)
R. /e = 0.982+ 0.004 + 0.002 (o~ 4.6%)

SM: 0.975 £ 0.001
arXiv:2601.21185, 2601.21196 (Submitted to PRL and PRD)
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D — Pl v;: DY n'(n)f*v,

20.3 fb~'data @ 3.773 GeV

Fap =, @) ] 15F

+ +, + +,
This work -- CCOM (1] (¢) D'onleve  DIomuv,

1.5

i CCOM 18] . LOSR 17 10- + This work # This work ;232338"“-} ., _ Q ar AT
0af ] LCSR (8] - LCHO [10] - ® CCQM 1] ¢ CCQM 1] < PETE et O S AT/ ATM-TTY)
S e L pmalicme 1 Ly o 4
- : .; :# { { ‘, _f% 0.6 2 LCHO [10] r:'D.S - 1?
'“;0'6_“‘2"‘9“" o) +anar, @ 1 B 02f T T T T
Soaf [Dam } ap e ] 04— T ¢ , , ; : . ‘ ‘ g . , . JHEP 1511,138 (2015) 0.429£0.165£0.141  H—e—H
-~ o ,  — - 0% o (Gevlm) e os @ (Ge‘:-zh‘) e o8 q;(Ge:,z,C,} ' Phys.Rev.D) 88,034023 0.552:+0.051 te4
= = ) :*:—}ﬁ“%*—— 0.2~ ] LFQM  Phys.G 39,025005 2012)  0.71
R 0.0 %z 04 05 08 0 All B CCQM  Phys.Rev.D 98,114031 0.6740.11 !
7 (Geviie) BD-nT'v) (<107 CCQM  Phys. (Beljing) 14, 64401 0.36:0.05 Y
CLEO i’hys.]ievDﬂ;HSMiﬂi 70_38170,“31(]7_01 7 |o|
BESIII Phys.Rev.Lett.124,231801  0.39+0.04+0.01 ]
> B(D+ N T’,M+V#) — (1.92 i 0_28 i 0_08) X 10—4 8_60- BESIIT Phys.Rev.D 97,092009 0.35+0.03+0.01 |
¥ plety.) = ~4
»B(DT -n'e"v,) =(1.794+0.194+ 0.07) X 10 I B e R —
: _ £2(0)
> LFUtest: Ryje =1.09£0.194003 > B(D* - ne*v,) = (9.75 % 0.29 + 0.28) X 107* (0~4.1%)
Vgl =(5.9240.56 +0.13) X 1072 (6 ~9.7%
Veal = ( ) ( ) B(D* - n p*v,) = (9.08 + 0.35 + 0.23) X 107* (g ~4.6%)
= 0.263 + 0.025 + 0.006
. » LFU test: R, /. = 0.93 £ 0.05+ 0.03
» n —n' mixingangle: ¢p = (39.8+ 0.8 + 0.3)
> f1(0)|Veq| = (0.078 £ 0.002 £ 0.001) X 1072 (o ~2.9%)
=0.345 £ 0.008 = 0.003.
PRL 134, 111801 (2025) _ ,
arXiv:2506.02521 (Submitted to JHEP) 11




D—-Setv,: D°> ay,(980) etv,

43 _I TTT | LI | TT T | T I_ . : T | T : Di T T T T T T T T T T T I- — T T T T ]
N (a) G oof : {a) ] r (b} ]
% 30 [ :?l-" [ I ] T sk i 1
o O 45} ] EE ] = ]
e = I ] ¥ L ) | ¥ g7l .
S 20f + =P ] P Pd I 1 = '
— =10} S . - i " ] = _.I [
E “ -'E : .' E 'a‘ o2 -_ \H"-\._\. _- = | | - _-
W w e .L [ e ] [

3 —]"' + o T T TS 0 1 1 1 5 0 1 1 1

03 _|:| 1 .2 - 08 1 1.2 il 0.1 o4 0t 0 02 0.4 06

Unjes {GEV) M, _ (GeVic?) gt (GeVicY) g (GeVies)

> 7.93 fb~1 data @ 3.773 GeV

» Updated BF measurement:
« D% - qy(980) etv, = (0.86 4+ 0.17 + 0.05) x 10*

» First FF measurementwith single pole form:

. +a° (0)|Veq] =0.126 £ 0.013 £ 0.003

- £(0)=0.559 + 0.056 + 0.013  with input | V4 | = 0.22487 + 0.00068 from SM global fit (PDG2024)

PRD 111, L091501 (2025)
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>
>

fK(0) and £7F(0) measurement reach precision 0.2% and 1.4%

The results of £%(0) and £ (0) are consist with FLAG24(2+1+1) result.

Form Factors fP~F

The £ (0) will be updated in future at BESIII using 20.3 fb~1, and the predicted precision approaches to c~0.5%;

T I T T I j]) | T T J I T T | I T | 17 T T I | T | T I T T
QM G 39,025005(2012) 0762 .
RQM PRD 101,013004(2020) 0.716 .
ETM PRD 96,054514 0.765+0.031 —
LCSR IJMPA 21,6125(2006) 0.661:0.067 —o—
LFQM JPG 39,025005(2012) 0.79+0.01 -
LQCD PRD 96,054514(2017) 0.765+0.031 e
CCQM Front.Phys.14,66401(2019) 0.78+0.12 —_
LQCD PRD 104,034505(2021) 0.738=0.0044 b
LQCD PRD 107,014510(2023) 0.7441+0.004 5
LQCD PRD 107,094516(2023) 0.7452+0.0031 o
FLAG21(2+1+1) EPJC 82,869(2022) 0.7385+0.0044 !
FLAG24(2+1+1) PRD 113.014508(2026) 0.743+0.0027 . 0~0.49
HFLAV23 PRD 113,012008(2026) 0.7376+0.0034 s 0~0.59
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 -l
CLEO 0.818fb"  PRD 80,032005(2009) D— Ke'v 0.739+0.0070.005 -
BESIII 293fb"  PRD 92,112008(2015) D'— K| e*v,  0.748:0.007+0.012 | -
BESIII 2.93fb"  PRD 92,072012(2015) D' K e'v,  0.7368+0.0026:0.0036
BESIII 2.93fb"  PRD 96,012002(2017) D*—=K e'v, 0.725+0.004x0.012 vl
BESIII 2.93fb™ PRL 122,011804(2019) D’— Kp*v 0.7327+0.0039+0.003 d
BESHI 7.93fb"  PRD 110,112006(2024) D> KI'v, 0.7366+0.0011+0.0013
BESIII 20.3fb"  2601.21185 DY KI'v,  0.7355:0.0007:0.0014 4 ~0.29
| | | | | | | | | | | | | | | | | | | | | Cf | |
-04 -0.2 0 0.2 0.4 0.6 0.8
£ (MeV)

I | | I I | I T | T | T | I I | | | T I | T I I
HPQCD PRD 84,114505(2011) 0.666+0.02+0.021 ——
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'—=e*v,  0.61:0.02:0.005 —_—
Belle PRL 97,061804(2006)  D'— nT'v 0.624=0.02+0.03 ——
CLEO 0.818fb"  PRD 80,032005(2009)  D-—>me'y 0.666=0.019+0.005 —_—
BESIII 2.93fb™ PRD 92,072012(2015) D’— ety 0.63720.0080.0044 = 5~1.4%
BESIII 293fb"  PRD 96,012002(2017) D'—x’e¢*v  0.622+0.0120.003 -

o o

-04 -02 0 0.2 04 0.6 0.8
[ (MeV)
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Measurements of |V..| & | V.4 |

»The D —» K ¢£*v, process provide the most precision for |V|

III‘Illl\II

FLAG21(2+1+1)  EPJC 82,869(2022) 0.9741+0.0065 n
FLAG24(2+1+1)  PRD 113.014508(2026) 0.9667=0.0096 -
CKMfitterr PRD 110,030001(2024) rDG 0.97349+0.00016 .
HFLAV23 PRD 113,012008(2026) 0.9691+0.0045 .
CLEO 0.818fb™ PRD 80,032005(2009) D—-Ke'v, 0.985+0.009£0.103 ——e——
BESIII 2.93fb! PRL 122,011804(2019) D°— Kp*v 0.955+0.005+0.024 ——
BESIII 2.93fb! PRD 96,012002(2017) D' K ey, 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) 0.9623+0.0015+0.0043 .
BaBar PRD 82,091103(2010) 0.953+0.033+0.047 —
BESIII 6,32fb™ PRL 127,171801(2021) 0.978+0.009+0.012 -
BESIII 6.32fb" PRD 104,032001(2021) 0.98+0.023+0.019 ——
BESIII 6.32fb™! PRD 104,052009(2021) 0.972+0.023+0.016 ——
BESIII 7.33fb™! JHEP 09,124(2023) 0.987+0.016+0.014 ——
BESIII 7.33fb! PRD 108,092014(2023) 0.993+0.015+0.013 e
BESIII 10.64fb™ PRD 110,052002(2024) 1.011+0.014+0.018 ot
BESIII 3.19fb™ PRL 122,071802(2019) 0.985+0.014+0.014 -
BESIII 6.32fb! PRD 104,052009(2021) 0.973+0.012+0.016 -
BESIII 7.33fb?! PRD 108,112001(2023) 0.968+0.01+0.009 -
BESIII 10.64fb™! PRD 110,052002(2024) 0.986+0.023+0.014 ——
BESIII 20.3fb" arxiv:2601.21185 D" Kr'v,  0.9608:0.0009:0.0044 4
BESIIT Combined Dy =t vy 0.9716=0.012 e
BESIII Combined Di—=1'v 0.9864=0.0086 -
BESIIT Combined DI —=1"y, 0.9814+0.007 -
Illlllllll{IllllllllllllllJlllll
-04 -02 0 0.2 04 0.6 0.8 1
IVl

> The value of |V¢| extract from D — K£*v, and D — 77 v, exhibit a tension

» The unitary test with BESIII results:

I I I I I I I | [ I I I I I I [ [ I | I [
FLAG21(2+1+1) EPJC 82,869(2022) 0.2236+0.0037 .
FLAG24(2+1+1) PRD 113.014508(2026) 0.2229+0.0064 o
CKMfitterr PRD 110,030001(2024) PDG 0.22486+0.00067 .
HFLAV23 PRD 113,012008(2026) 0.224+0.0028 .
BaBar PRD 91,052022(2015) D’ n e'v, 0.206+0.007+0.009 won
CLEO 0.818fb™ PRD 80,032005(2009) D— m e*v 0.234+0.007+0.002
BESIII 2.93fb™ PRD 92,072012(2015) D'—> e Ve 0.2155+0.0027+0.0095 -
BESIII 2.93fb™ PRD 96,012002(2017) D*— n’ e*v 0.21+0.004+0.009 e
BESIII 2.93fb™ PRD 89,051104(2014) D*— pty 0.221+0.0058+0.0047 -
BESIII 2.93fb™ PRL 123,211802(2019) D*— Tho Ve 0.237+0.024+0.012 ——
BESIII 7.93fb™ JHEP 01,089(2025) D"— TV 0.216+0.012+0.006 o
BESIII 20.3fb™ PRL 135,061801(2025) D*— p*v 0.2265+0.0023+0.0015
BESIII Combined D—-nlv, 0.2127+0.007 -
BESIII Combined D*—>1I'v 0.2261+0.0027

L Ll Il I L | | I L 1 | I | L I L L | I | L l

-1 -0.8 -0.6 -04 -0.2 0 0.2
|7
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D - V(S) l+VlZ

Dt— KInllty,

4 Data EEm Simulatied background [ Fit
- 4 (@) X*/Nbin = 1.4 | 1 (b) +)(2/Nbin =11 41(€) X2/Nbin = 1.2 6 (d) X2/Nbin = 0.8 ()  x¥Nbin=09
U 8] ' 3 +
& 'R 4 41
T 2 o 1AW - + . 22 ¥
= = o 2 - o - M
o o ] ~ r:n‘
2o Yo = o = P ———— | oW T
S 7 XMNbin =10 [ 3 ¥MNbin=12[X 7 X2/Nbin=1.0 | X 1t xNbin=12 | X2/Nbin = 1.0
— — + 2 b n 6
+ < s =
X 5 X p) g} 5 g 5 M
i £ ’ w “oof o N
g2 g1 2r = 2
w w
0 0 () e 0 _——d 0—
0.5 1.0 0.0 0.5 1.0 -1 0 1 -1 0 1 -2.5 0.0 2.5
m? (GeV?/ch) g? (GeV?/c?) cos 8, cos Bk X

» 20.3 fb~! data @ 3.773 GeV

» B(D* - K{nu*v,) = (0.896 + 0.017 £ 0.008)% (o~ 2.1%)

»LFUtest: R

ul/e

PRL 135, 171801 (2025)

(First observation)

>B(Dt - Kdn%e*v,) = (0.943 + 0.012 + 0.010)% (o~ 1.7%)

= 0.94 £ 0.02 £ 0.01 vs SM: 0.92-0.95

1.2+ = Full g% region @ Binned g2 region
1.1F
1.0F ‘ ‘
1]
3 | 1 -
[
B ==
0.8f
0.7
0.0 0.2 0.4 0.6 0.8 1.0
q? (GeV?/c*)
Variable DT - Knletv,

+ 0.,0,,+
DT - Ksm'u'y,

mgo (MeV/c?)
F_]‘(*O (MBV/C2)

ry
r

aé{éG (GeV/c)™!
rg (GGV)_I
fS—wave

Sieo

8973 +£03+22
452+0.6£0.5
1.42 £0.03 £0.02
0.75 £0.03 £ 0.01
232+£0.11£0.25 1.47 £0.25 £0.22

—-844+0.13 £ 037 -9.59 +0.46 +=0.58
6.39+0.17+£0.14  7.10+0.68 + 0.41
93.50£0.18+0.28 92.81 £0.67 £0.47
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D-V(S)Itv;: D° - K nletv,

"*3000 _ ~Den _ a,10° 42/Nbin=113.1/73=1.55
> 20.3 fb~! data @ 3.773 GeV = Ny, = 28900 + 224 i DR S :
> First amplitude analysis: the observation of K5(1430) f5(%) = 016:;_+aaoi _ ‘g:;;mjfj

0.05 + 0.02 (7.90 significance) i — Eig | |
T T U (Gev oo 08 mK-; (Ge{ﬁcz) 8
. BD° - K;(1430)e*v,) = (7.603 + 2.457 £ 0.194) x 10~* - _

59“ 3 % Nbin=92 .4/99=0.93 600; :?g::l fit %2 /Nbin=84.6/100=0.85 ;

« B(D°->K*(892) e*v,, K*(892)" » K n?) 3 }s}i:“gd

= (7.403 + 0.061 + 0.048 ) x 1073 (o~1% level!) S ]
e |Vl = 0.618 + 0.010 + 0.008 (0 ~2% level ) . T e

costly

> LFU test © RS .~ =0.928 +0.020 £ 0.012 (0~2.5% level ) T
> First test of isospin-breaking effect: 2

@ - B @2 k%) _ (1.09+0.02+0.02 (e channel) g

K™ = Bk*(892)~—KIrn~) ~ |1.07 + 0.02 + 0.03 (u channel) S
- 02 cogé)e 02 ! _jicoplanar(i)ty Angle )%

arXiv: 2603.00743 (Submitted to PRL)
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D — V(S) l+VlZ

150

r Model-independent solution
100+ — Nominal solution

D? - K % ™tv,

15

— Nominal solution

IMagnitudel

08 112
my_(GeV/c?)

» the phase shift (magnitude) of the S-wave extracted in a model-

2 14 16 0.8

i 1 Model-independent solution

T Variable

Value

(1)

v

independent way in this channel.

arXiv: 2603.00743 (Submitted to PRL)

1 12 14 16
m,- (GeV/c?)

L L ?"2

0
FK*(892)

N rs(GeV) ™ .

aé%G (GeV/c)—l

by 56 (GeV/e)™
ma(GeV/c?)
my (GeV/c?)

T g * (892) — (MeV/c’?)

(MeV)

TBW (GeV/c) !

D (GGV)

fs (%)
fr (%)
Jfp (%)

¢p (degree)

—7.53+0.22 £ 0.11
0.14 =0.04 = 0.01
1.98 +0.10 £ 0.13

0.57 =0.53 = 0.27
2.72+0.18 = 0.11
1.70 £0.11 £ 0.02
1.41 +£0.05x=0.01
0.77 £0.04 = 0.02
892.9 + 0.2
479 +0.5xt04
3.38 £0.17 = 0.16
11.0£1.6 1.7
—16.9 £ 7.7+ 3.0
5.86 = 0.18 = 0.21
93.97 £0.19£0.21
0.16 &= 0.05 = 0.02
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D - V(S) l+VlI DO — I?Oﬂ_l-l-vl

30'_ o B I iTiliswo?k_‘ B I ¥Ll‘hiswlv0rk: r- - T~ '+‘ L_‘ n A ‘;
§' AT —_+CQM i 1.0 +CQM  — r BESIII: D"— K'n'etv, / _
= L L HMYT L ‘ « HMyT 150 Estabrooks et al. ]
7 i 4LCSR | = o 4 LCSR - —F BABAR: D'= K'n'e'v, .

2 25+ LCSR2 | i e #LCSR3 o EEEE BABAR: LASS param. +
§ i #LCSR3 | - 0.8_— ;15 “. QEEFQ?JM 7] % 100 B —3$— This work: model-independent / .
; i 4;___%: " 4}522(34 1 Rt i ol | « ROM ﬁ i —— This work: LASS param. .

20 e 3 I ' LQCD ] " iy
8 r HxUA— i % LExQM | 7
& ,””_IH‘“”*II*PPGH i *hQCD |

2025 3.0 w15 20 - e
B(D'— K (892) pu'v,) [%] ry 0.8 1 1.2 1.4 1.6
M, (GeV/c?)
> 20.3 fb~! data @3.773GeV
Variable Value
>B(D° - K*(892)"u*v,) = (1.964 £ 0.018 + 0.012)% ry 1.444 + 0.026 + 0.011
B(D° > K*(892)"e*v,) = (2.043 + 0.018 + 0.012)% 2 0.752 £ 0.020 + 0.004
rs —13.21 +0.49 + 0.36
»B(D° - K5 (1430) u*v,) = (3.85 + 1.17 + 0.15) x 10~ ag/pe (GeV/e) ™! 1.24 4 0.11 4 0.08
b2 (GeV/e)™! —2.7140.75+0.71
B(D° - K;(1430))"e*v,) = (4.00 £ 1.22 + 0.78) x 107> e
( 2(1430))"e™v,) = (4.00 = +0.78) r() —0.05+ 0.04 + 0.03
11.52 +£2.00£1.16
> RMe  =0961+0.012 + 0.005 "D
K*(892) - - Fre+(892)- (94.12 £ 0.19 + 0.09)%
> A,(0) =0.623 + 0.008 + 0.008 (First measurement from this decay) fs—wave (5.8140.19 £ 0.09)%
FD—wave (0.092 = 0.028 £ 0.018)% 80

arXiv: 2603. 04136 (Submitted to PRL)
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>

DS — V(S) l+VlZ

7.33 fb~! data @ 4.128-4.226 GeV

»B(D§ - K*(892)°u*v,) = (2.07 £ 0.22 £ 0.10) X 1073 first measurement

»>B(D§ - K*(892)%*v,) = (2.14 + 0.18 + 0.10) x 1073 improved measurement

>Rﬂ/e —
»1r, = 1.63 1+ 0.14 + 0.08,

Wl tg0z) = 0.97 £ 0.13 £ 0.04

»< A%p >=—0.14 £ 0.09 £ 0.01
»>< App >=—-0.12+0.10 £ 0.01

B(D'— K %*v,) (x 107

(]

(]

S

[

arXiv: 2605. 07176 (Submitted to PRL)

e

20
lo

¥ This work -

+ CQM
HMyT
4 LCSR
-# LCSR,
- CLFQM
CLFQM,
0O xUA
* CCQM
* RQM

o

| 2, 3
B(D!— K™utv,) (x 107

1.5

1.0

0.0

r, = 0.60 £ 0.13 £ 0.06

T coQM
L * RQM

¥ This work

+ CQM
HMyT

-4 LCSR

< LCSR,

- CLFQM
CLFQM2

% LExQM

* hQCD
-%-PDG 24

1 | 1 1 | 1 |

1

. | 1 | 1 1 ‘ 1 |

T T RR—
2.5

AT/AG (ps'GeV?)
N R N oo

T a E
o C ]
‘é ol ]
g B —",— ] == Tl
3 =1 ]
5 r =
< r ]
Lsf —~— | ,05F .
» § 1, l ] I | ZF— 0%:%——0—-
e ' T —==F & ]
0.5[1 105k E
[ E ]
0 0.5 1 0 0.5 1
q* (GeV¥e*) q* (GeV?/c*)
‘CQI\IG | | 0.5I7 | [ ‘0 I
HMyT 0.60 .
LCSR 0.59+0.04 —_—
LCSR, 0.42+0.02 ——
CLFQM 0.5610.01 ==
CLFQM, 0.53
LExQM 0.55
cCQM 0.57
RQM 0.596
hQCD 0.613
This work t 0.56i0.02i0.01{ —— |
0.2 0.4 0.6
A 0)

D} - Kdm~ Ity

- ——
E D K (892 ey,

I #-Data

0.5F- -cLrom

| --rOM

I ——

= This work

== CCQM
LCSR,
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Comparisons of ry; and r;

»The 1, and , measurement reach precision 1.3%/1.9%;
» The spectator quark will not affect the result; — U-spin is not broken

»The theory needs to consider stricter constraints;

T T T T [ T T T T [ T T T T T T T T [ T T T T [ T 0 T 1T 1 T T T | T 1T T T ] T T T T [ T T T T [ T T T ] T 1
LQCD | NPP Suppl.119,625(2003) D K T'v, 1.444:0.12 | — | LQCD ILPP Suppl.ll9,625(2|003)D% K'I'v, 0.6£0.3 —_—
LCSR LJMPA 21,6125(2006)  D— lx I'v, 1.3920.1 —. LCSR LIMPA 21,61252006) D— K I'v, 0.6:0.09 ——
HQEFT PRD 67,0140242003) D K I'v, 1.36£0.39 ——— HQEFT PRD 67,014024(2003) D— K Iy, 0.930.29 —_—
ccoM PRD 67,014024(2003) D lx I'v, 1.22+0.24 — CCcQoM PRD 67,014024(2003) D— K Iy, 0.92+0.18 —
CLFQM JPG 39,025005(2012) D= K I'v, 1.36 CLFQM JPG 39,0250052012) DK Iy, 0.83
LExQM PRD 89,034013(2014)  D— h I'v, 152 LE;QM PRD 89,034013(2014) D K Iy, 0.754
cQMm PRD 62,014006(2000) DK 'y, 1.5606 CcQM PRD 62,014006(2000) D— K Iy, 0.7424
mar PRDTUGS0G2NS)  DOKTY, ] LIS tat K HYGT | PRDT2ONSI62008 DoK'y 05 spectator quark
FOCUS PLB 544,80-96(2002) D' K (Kau'v,  1504+0.057+0.039 SpeC ator q uar FOCUS PLB 544,89-962002) D' K (K7 'li*,  0.875:0.049:0.064
BaBar 1 PRD 83,0720012011) D' E::m'rc* v, L463E0H17H0.031 BaBar 347.5fb" PRD 83,072001(2011) D'— K:(K'n*]e*v‘. 0.8010.020.02
BESHII 2.93fb”  PRD 94,032001(2016) D' K (Kwe'v,  L411£0.058+0.007 —. BESIII 2.93fb"  PRD 94,032001(2016) D'—K (Krn'e'v,  0.788+0.042+0.008 _
BESIII 20.3fb"  PRL 135,1718012025) D' K (K20'y,  142+0.03£0.02 } u:1.418 £ 0.031 BESI 203" PRL 13’5’1718“;(2"2;) Do KRU(K‘fr:")Fv: 0.75:0.03:0.01 u: 0.763 + 0.025
BESUI7.93b"  PRL135111803(2025) D' K" (K 2’y L620.1120.04 - BESIII 7.93fb™"  PRL 134,011803(2025) D' K"(K;r"uﬁvu 0.76:0.0620.02 _
BESLII 20.3fb™  arxiv: 2603.00743 D' K (K7')e'v, 1.4140.0520.01 d:1.432 + 0.024 BESIII 20.3fb™  arxiv:2603.00743 D= KTK ey, 0.77£0.0420.02 d:0.756 + 0.018
BESIII 20.3fb”  arxiv: 2603.04136 D= KGR T, L4dds0.026£0.01 BESITI 20.3fb™  arxiv:2603.04136 DS KR Ty, 0.752+0.02+0.004
BESIII 7.33fb”  JHEP 12,072(2023) Di— oK K 'y, LS8£0.17+0.02 5. 1.58+0.17 BESIII 7.33fb"  JHEP 12,0722023)  Di— (KK v,  0.71:0.14+0.02 s: 0.71+0.14
BaBar ) PRD 78,051101(2008) D= o(K'K"y'v, L84920.06+ BaBar PRD 78,051101(2008) DI ¢(K' K"ty 0.703+0.071+0.065 -
BESLI 3.19fb"  PRL 122,061801(2019)  Di— K™'(K'me'v,  L67+0.34+0.16 BESIII 3.19fb"  PRL 122,061801(2019) D! — K(K'm)e'v,  0.77+0.28+0.07
BESLI 2.93fb”  PRD 92,071101(R)(2015) D' — o(x'ma)e’v, 1.2420.09+0.06 BESIII 2.93fb"  PRD 92,071101(R)(2015) D' — o' n’e’v,  1.06+0.15+0.05
CLEO 0.818fb""  PRL 110,131802(2013)  D— p(xme’v, L.48+0.15+0.05 CLEO 818ph”"  PRL 110,131802(2013) D— p(nm)e’v, 0.83+0.11+0.04
BESII2.93fb”  PRL 122,062001(2019) D p(rme’v, L.69520.083+0.051 BESII 2.93fb"  PRL 122,062001(2019) D— p(ame’v, 0.84520.0560.039
BESII793fb”  PRD 110,112018(2024) D' pimalle’y,  L3d8H007950.041 BESITI 7.93tb  PRD 110,112018(2024) D" p(walje’v, 0.823+0.056+0.026
BESLI Combined c—s 1.4285+0.0186 0~1.3% BESITI Combined s 0.7576:0.0145 g~1.9%
151;.511‘1 L (.T)ml‘)me(‘l L c‘—> (ll L |I.43161|-IL1IT76| o~4.7% BE\SHﬂ w Tumlhineld O ‘L —>|d L Ui848‘6:ll.‘043T | o~5.2%
-4 -3 -2 -1 0 -4 -3 -2 -1 0
ry r
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> 20.3 fb~! data @ 3.773 GeV 2> N
> B(Dt - K;(1270)%*v,)
> B(D° - K;(1270)"etv,)
> First

Events / (0.04)

Events / (9 (MeV/ ¢?))

D - Altv;: D - K;(1270)etv,

Table 2. Fitted parameters and fit fractions, where the first
uncertainties are statistical and the second systematic.

D(D)

(2.27 £0.11 + 0.07
(1.02 + 0.06 + 0.06

= 1270 + 56 (731 + 35)

measurement (K;(1400) is not observed)

+0.07)x 1073
+0.03)x 1073

-3
(=3

100F leNbin=62.7f4S (a) &:‘200 leNhin=49.2.’48 ©| = x‘lein: 52.9/64 (d)
a )
T 60 = =
S 2 s
sof g 40 2 e
-] - -~
& 20 £ §
& &
vy < . 4
3 e T 3 "M e 0, w8 o o 1 o0, Ty g 0 e Yy et 3 et e s g et et g e © A o e g et e
- 05 00 05 10 05 00 05 10 0.2 04 06 04 0.6 0.8
cos6, cost, q® (GeV¥ct) M. . o (GeVic?)
%*/Nbin=69.7/49 (e §1“0" %*/Nbin=34.3/50 oz %*/Nbin=77.8/57 (2
100f = = —— Data
} g é [ Background
H & S0F ® Total fit
sor gty ; S P - K,(1270) — Kp S-wavwe
‘ A 5 5 - - - K,(1270) - K 1 S-wave
4, < = - K,(1270) — K 7 D-wave

PR

-nwt-‘.pu_#\-h.‘s..-.-_ 2 - -

§r -;.H-..WM'- - =y

§ P Y ".‘...pp...,r‘_.."\- e

0.8 1.0 12
M, (GeV/c)

PRL 135,

0.8 1.0 1.2
M, % (GeV/e?)

091801 (2025)

~10 12 14 L6
MK +nw(GerCZ)

Variable Value
ra (x1072) —11.2+1.0+£0.9
Ty (><10 2) —43+1.0+24
f,,K— (%) 79.3+ 2.0+ 25.7
f,r (92 (%) 10.9+1.2+3.0
K (%) 71.8+2.3+23.9
F2% - 502y (%) 19.5+1.9+5.2
m, (1270) (MeV/c?) 1271 3+ 7
Ik, (1270) (MeV) 168 + 10 + 20

B(D° — K;(1270))(x107%)

This work
LSCR [6]

| === 3PSR [7]

| == AdsQCD 8]

| LFQM1 (9]

| —— LFQM2 [10]
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Events / (0.036 GeV/c?)

D - Al*v;: DO 5 K (1270)etv, & DY) = p,(1235)TDety,

[ — | = é (b) . D:—' KEn:e‘v;
- (a) 2 | (b) = 7 =§"j e
15__ % 7 E E F B -DﬁLd
- ¢ 10| s 2
: 2 | 3 I + ’
i ~ 5t :
S a g : } :_ -D+ﬂ ey,
[ ) & _30F@ .
i > - = 5 L W' K x'ryuty,
07 el (L s e = I : ‘ | E 20 r Wo'- v
12 13 14 15 16 1213 14 15 16 s g Mot
M, . . (GeVic?) M, (GeVicd) 3 E
5 E é
> 20.3fb~! data @ 3.773 GeV
» First observation M, (GeVic?)
> B(D® » K~ we*v,) = (9.3123 £ 0.7) x 1075 - 8.00 > 7.9 fb~! data @ 3.773 GeV
» B(D* - KQwev,) = (6.6133 + 0.6) x 107> - 5.80 > First observation = Ny, = 35.6 + 8.9 (5.20)

> Assuming K;(1270) to be the sole mediating resonance: B(DO N b1(1235)_e+ve b,(1235) > wr~ ) = (0.72 + 0'18t8.8563) x 10~%
> (T'(K1(1270)” » K~ ntn™)/(T(K1(1270)” - K~w) = 3.4%38 4+ 0.3 _ _ '
Mk (1270) )0 (1270) “) o7 > First evidence = Ngig = 17.5 £ 6.7 (3.10)

> ([(K,(1270) » K~ n*r®) /(T(K1(1270) - Kdw) = 9.639 + 0.8
' (fa ’ * B(D* - by (1235)%e* Ve, by (1235)°> ) = (1.16 + 0.44 + 0.16) x 10~

» Determining the branching fraction:

> B(K,(1270) » Kw) = (7.5+ 1.3+ 0.5)% T(D°-b7e*ve)

— +0.04
T otleres =078 £0.191388

» Isospin conservation check:

arxiv: 2601.01817 (Submitted to PRL) PRL 136, 021801 (2026)
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D.—» Al v;: DF - fieTv,

>7.33 fb~! data @ 4.128-4.226 GeV
> First evidence of DY — f1(1420)e*v,=> Ny, =

13.2¥58 3.4 ¢ 2 .
. B(DF > f,(1420)e*v, » K¥K~n°) = (4.5+29 + S :
0.4) x 10~ i)
- B(D} - f,(1420)e*v, » KYK1°) < 7.6 X S oy e TH R N
10~*@90%C.L. . L __
> First search of DI - f,(1285)e*v, (<l0) % E E E §
B(D} - f,(1285)e*v, » wtm~ ) < 1.7 X V : “’
10~*@90%C.L. (.

1.2 1.4 1.6

8 -0.1 0
MK 7° (GeVic?)

0.1
MM? (GeV¥ ¢

arXiv: 2601.16938 (Submitted to PRD)
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vV V VYV VY 'V

Summary & Outlook

Summary:

Precise measurement of fj, . / fP~K in charm decay = 1%/2% level

Precise measurement of |V.4|/|V.s| in charm decay = 1%/0.5% level
No evidence of LFU violation found in charm sector = 5% precision level in D - K£*v,
Amplitude analysis in charm semi-leptonic decay = provide necessary information for dynamic study

Charm semi-leptonic decay is helpful to study the nature of light hadrons (a,, fy, K; ... ... )

Outlook:

More precision measurements and search of rare (semi-)leptonic charm decays will be presented.

Thank You!
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