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Main goal
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@ Uncertainties of Vo= mainly contributed by |V (o = 0.6%) and |V (0 = 1.8%)
o Latest LQCD: fp+ = 249.9(05) MeV (0 = 0.2%); fp+ = 212.1(07) MeV (o = 0.3%);

fP=K(0) = 0.7452(31) (0 = 0.4%); £L=7(0) = 0.6300(51) (o = 0.8%)
@ Decay constant fD(+> and FF £ (0) measurements=-Calibrate LQCD calculations

|Veq| measurement =Test CKM matrix unitarity
@ BF ratios=Test lepton flavor universality (LFU)
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BESIII experiment

BESIII experiment

@ /s=(1.85—4.95) GeV @ TOF: o1 = 68(110) ps for barrel (endcap);

@ Peak luminosity: 1.1x10%% cm—2s! endcap upgraded in 2015 o7 = 60 ps
@3.773 GeV

@ MDC: op/P = 0.5% @ 1 GeV; 04g/ax = 6% @ EMC: og/E =2.5%(5%) for barrel (endcap)
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BESIII dataset and double-tag method

@ ete annihilations data near threshold

K+
-

e gl @ Undetectable neutrinos=-extract the (semi-)leptonic signals
A1 - -
et E?(swo)\zf’ e” Umiss = Emiss - ‘pmiss y Mr?liss = Er%liss - |Pmiss| 2
Pe=pre VN @ Branching fraction with double-tag method: B = ,VSTQ’D%}T/%T

oo RO
o /l >(Recoil)

tside
Ve '/J

=-Double-tag method& Clean environment

=-Systematic uncertainties on the ST mostly canceled

Data sample Eem (GeV) | Ling (fb~1) | Single tag yields (x10°)
ete” — (3770) — DD 3.773 20.3 DY ~16.9; D~ ~11.0
ete” — DED:T 4.128-4.226 7.33 Dy ~0.8
ete — DI Di 4.237-4.669 10.64 D; ~0.12
ete” — ATAC 4.600-4.669 4.5 A7 ~0.12
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Leptonic decays Dt — F‘+1’M

Precision measurement of the branching fraction of D* — 171,

Reference £ (b~ | BF(x107%) fp+ (MeV) | Vedl Precision (%)
CLEO, PRD78,052003 0.818 3.82(32)(09) | 207.1(87)(24)(08) | 0.2195(92)(26)(09) 4.4
BESIII, PRD89,051104 2.93 3.71(19)(06) | 204.1(52)(17)(08) | 0.2164(55)(17)(09) 2.7

BESIII, arXiv:2410.07626 | 203 | 3.981(79)(40) | 211.5(21)(11)(08) | 0.2242(23)(11)(09) 12 %
| +Data_| A
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Leptonic decays Dt — -+t vr

Measurement of the branching fraction of D™ — 77v, via7m — 771,

Reference L (fb~1) | BF(x1073) for (MeV) |Vl Precision (%)
PRL123,211802 | 293 | 1.20(24)(12) | 225(23)(11)(01) | 0.238(24)(12)(01) 11
JHEPO1(2025)89 | 7.93 | 0.99(11)(05) | 204(11)(05)(01) | 0.216(12)(06)(01) 6.1 %
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o LFU test:

Rrju =Lt rto, [T+t = 2.49 £0.31, consistent with RE) =
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2= Gt
Improved measurements of D — K~¢*v, and Dt — KTy,

Events / (0.004 GeV)

@ Phys. Rev. D 110, 112006 (2024)

@ 7.93 fb~'data sample @3.773 GeV
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D' Ketv,

F D' Ky,
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B =K putv,
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@ Isospin test ~

(D’ =K~ etwe)
T(DF—KOeTre)
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B(DT—KOetuv,)

F(DOHK_M_FV“)
(Dt —=Koutu,)

) _
s = 0.971 4 0.004 + 0.006

) = 0.978 + 0.007 + 0.013

consistent

= 1.000 £ 0.007 £ 0.012

= 0.993 £ 0.008 £ 0.012

@ B(D° — K etve) = (3.521 £ 0.009 £ 0.016)%

. B(D° — K ptv,) = (3.419 4+ 0.011 + 0.016)%
E B(DT — K’e've) = (8.864 + 0.039 + 0.082)%

B(DY — K°uTv,) = (8.665 & 0.046 4 0.084)%

@ LFU test (SM: 0.97540.001) ~consistent
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https://doi.org/10.1103/PhysRevD.110.112006

Semileptonic decays D — R€+Vg

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

00)
@ © 15 (© D°decay ]
¥ R This work
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<] LQCD uncertainty
= S0 s
2 1S ]
% ] i
T
<
=1
<
¥ 1 0. L L 05 s N
05 1 0 05 1 15 =0 05 1
o (GeVic) 4 (GeVlict) o (Gev/ch)
(b) +
<5 (.]Dnh:l('x‘v_ ] @ . 1.5 (O D" decay 4
= T pataR ey 15l — Thiswork ]
L —K=v, ] LQCD calculation
3 60 Roov, P LQCD uncertainty 3 | |
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£ab 1< 115 1 i
kK (S
=200 4
<
. 0 . . o .
05 1 15 g 05 1 15 =0 05 1
¢ (GeVch ¢ (GeVYct) & GVl

° f_’i_((()) = 0.7366 & 0.001 15t £ 0.00134y; | Ves| = 0.9623 = 0.00154¢¢ & 0.0017gys; £ 0.00401,qcp
@ Experimental uncertainties of f£(0) and |V,|: 0.23%
@ Additional uncertainty of the input f/(0) calculated by LQCD: 0.42%
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DF 'ty
First study of Dt — n'¢*v, decay dynamics

100 06 T

+ - Dat: + s Dat: 4D -y, @) ] 15F —Thiswork - coom (11 (c) ] D -ne've D -nu'v,
100]- D" ~ mu'y, “HDaa D" - e, o Loaatt @ e ream @ 101 « Thiswork + Thiswork ]
LCSR (8] --LCHO[10] r © CCQM [1] & CCQM [1]
— <1 Other background o S e r o CoOM (6] © cooM (8] ]
3 Bot g : osf I cleem wrotig
o & oz“—+— L 3 LCSR[8] 1
© 3 I r T - RQM [9]
3 o f € o6l # LCHO[10] 1
S 50 z { = 06
i O 400 - wev, ® +aror [C) [
a < — Datafit 4 — v prediction ] 0ak
& Soaf 1. 4f
i . Oy NS s . r
o S o oz —=_ 02f 4
02 -01 00 01 0202 -01 00 01 02 —o] |
U, (Gev) 0302 04 06 0 Q0 02 04 06 0 2 A
miss 7 (Gev?ct) B(D" - n'1'v) (x10%)

o Data: 20.3 fb~1©3.773 GeV [PRL134(2025)111801]
@ First observation of D" — 7/, with significance of 8.60
B(DY = n/'ptv,) = (1.92+£0.28£0.08) x 10~%; B(DT — n'etve) = (1.794£0.194+0.07) x 10~*
@ First extraction of the FF of DT — n/¢Tuy: fi/(O) = 0.263 &+ 0.025 £ 0.006
o LFU test: R =1.07+0.19 4 0.03

r o T
@ 7 — 7' mixing angle: ¢p = (39.8 & 0.8 +-0.3)° (cot? p = I,D:r”" ALz D:r%”ﬁ"é)

ot ooty /Lot oneto,
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AL = nete
First observation of A7 — netv, with a graph neural network
Nat. Commun. 16, 681 (2025) ot
Ve
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d > d

Data: 4.5 fb~1@4.6-4.7 GeV
Significant challenges: two missing particles, neutron and neutrino;
Dominant background: Al — Aetv,, A — nn®

Machine learning of graph neural network = discriminate the energy deposition patterns of
neutrons from those of A in the Electromagnetic Calorimeter of BESIII detector
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Semileptonic decays Aj' — ns+l/e

First observation of A7 — netv, with a graph neural network

Significance: > 100

140 T T T T T T T 140 T T T T T T
t  Data i Data
120 [ 1 120 1
@ B A > netv, i () M A - ey,

Slor [ A > Aetve S'OH [ A; - Aev. 1
S sof B Other A decays ] S soH Il Other A; decays ]
ER 1 E 60 | - — = ]
* N(netve) =134 £13 ‘% N(ne™ve) = 131 £ 12

40 £ 40 F ]
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_3 -3

01 02 03 04 05 06 07 08 09
GNN output for n/A classification

01 02 03 04 05 0.6 07 08 09
GNN output for /i/A classification

o B(A} — netve) = (3.57+£0.34 +0.14) x 1073
o I'(AY — nefre) = |V|?(0.405 4 0.016 + 0.020) ps—! [PRD97(2018)034511]
= |V = 0.208 + 0.011 = 0.007 = 0.001 First determination from charmed baryon decays
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Comparison of |Vcs| and |Vy|

Comparison of |V | and | V4|

T T T ‘ T T T
Limiver pod | | 1 0ozassrodoos7 | | 1 CKMFitter PDG 0.97349£0.00016 .
HFLAV21 PRD107,052008 0.2208+0.0040 | HFLAV21 PRD107,052008 0.9701+0.0081 .
CLEO PRD80,032005, Ke'v,  0.9648+0.0090+0.078 —_—
CLEO PRDB80,032005,1°"e"v, 0.2381+0.0066+0.0025 " o
+ o, |BESH PRD92,112008, K'e'v,  0.977+0.008+0.016 [
D — meT Ve |gesi PRO92072012.e,  0.2278:0.0034:00028 b O =1.8% —o =
BESIII PRD96,012002, K e'v,  0.946£0.005:0.016 W D KWLW
BESIII_PRD96,012002,e'v,  0.2243+0.0058+0.0026 ™ BESIII PRD92,072012, K e, 0.9624+0.0034+0.0062 !
D+ s T]/+V1 JESIII PRD97,092009,ne'v,  0.2264£0.0338+0.0318 H——+ BESII PRL122,011804, K"V, 0.9572+0.0050+0.0057 4
/\BESIII PRL124,231801 01"V, 0.242+0.041+0.034 [Fe— BESIII PRD110,112006 K"y, 0.9623+0.0015+0.0043 + o =0.47%
Ds — KYeT 1e zsm PRD110,052012.K %", 0.238:0.018+0.036 [ BESIII PRL122,121801, ne'v,  0.900+0.020£0.057 o
PRD108,092002, ne‘v,
BESIII PRD89,051104,u", 0.2165+0.0055+0.0020 ™ BESIN e 0.913£0.014:0.057 -
BESII PRL132,091802, nu'v,  0.911¢0.020£0.057 s Dy — nety,
BESIII PRL123,211802,1v 0.2380.024:0.012 —t .
Dt — ¢ty BESIII PRL122,121801, n'e"v,  0.903+0.060£0.077 ]
BESIII JHEPO01,89,T'v, 0.216+0.012+0.006 L] BESII PRD108,092002, e,  0.941+0.044+0.081 ol
p— 0,
BESIIl_arXivi2410.07626,u'v, 0.2242+0.0023+0.0014 ¢ 7 =1.2% BESIII PRL132,091802, n'u'v,  0.907+0.067+0.078 [
R +
Aér — net e Esin Nat. Cﬂm.lG.GSl ne'ye 0.208+0.014+0.007 T BESIII Combine pv+tv 0.98200.0052£0.0071 . Ds — Ty
L L L L L L L L L L L L L L
I I | I | | | | | | | | 0 =0.9%
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Comparison of decay constant fD+ and FFs f+ (0)

Comparison of decay constant fp+ and FFs £, (0)

T T T T T T [T L B S S By B B B L ML B
e 212.1:07 ) LCSR  1IMPA21(2006)6125 0.661+0.067-
FMILC(2+1+1) PRD98(2018)074512 212.7+0.6 . LFQM  JPG39(2012)025005 0.79:0.01 - RQM  PRD101(2020)013004 0.538+0.027 -
M JPG39(2012)025008 .

FMILC(2+1+1) PRD90(2014)074509 2126:04 i Q (2012)025005 0762

CCQM  FP14(2019)64401 078:0.12 —_
ETM(2¢1+1) PROOIQ0IS0S07 2074138 v RQM  PRDI01(2020)013004 o6 . LCSR JHEPISLGOION® ozmous  —g—
ETM(2+1+1) LATTICE2013(2014)314  202.0+8 —— LQCD PRD96(2017)054514 0.765+0.031 | et

LQCD  PRD104(2021)034505 0.7380£0,0044 13 LCSR PRDB3(2013)034023  0.458+0.105 —_—
FMILC(2+1+1) LATTICE2013(2014)405 ~ 212.3+0.3+1.0 .

LQCD PRD107(2023)014510 0.7441:0.0040 [
FMILC(2+1+1) LAT2012(2012)159 209.2+30+36  weH LQCD  PRD107(2023)094516 0.7452+0.0031 . ICCQM PRD98(2018)114031  0.76:0.11 —_—
HFLAV21 PRD107(2023)052008 205.1+4.4 — Belle  PRL97(2006)061804,0 - Ke', —_

BaBar PRD76(2007)052005,0° - K'€'v, 0727000740000 = -
CLEOWMv  PRD78(2008)052003 2072487425 r—mt - [CCQM Front Phys. (14)64401 0.36:0.05

CLEO  PRDS0(2009)032005,0Ke, 0. +
BESIII uv 2.9fb" PRD89(2014)051104 204.245.3+1.7 +=f BESIII  PRD92(2015)112008D" - K['e'v, 0.748+0,007+0.012 -~

- LCHO EPIC84(2024)15  0294:0.021 -

BESIIW 20" PRL123(2010)211802 2247422 511 3—m—e—tt BESIII PRDS6(2017)012002" R e, 0.72460.0041£0.0115 =

BESII PRL122(2019)011804,D° - KUV, . <
BESII, v  7.9fb" PRL123(2010)211802204+ 1145 #—eht BESII PR oKev, o | BESIII PRL134(2025)111801 0263:0.025:0006 =  0=9.8%
BESIII,uv 20.3fb™ arXiv:2010.07626  211.5+2.3t14 ™ g=1.2% BESIII PRD110(2024)112006, D - Kl'v, 0.7366+0.0011+0.0013 + 0=0.23%
) N Y Y N B I E oo e o b e 1 e b e B L
0 100 200 0 0.2 0.4 0.6 0.8 -0.5 0 0.5

K D'-n’
Ty (Mev) £-X(0) £7"0)

@ Precisions of measured fp+, ffHR(O), and f+D+_”7, (0) are 1.2%, 0.23%, and 9.8%, respectively

@ Measured FF f+DHR(0) is consistent with the LQCD calculations within 2.5¢
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Other highlight works

Channel Ling (fb71) / Ecn (GeV) Reference

Dt — et 20.3 /3.773 arXiv:2501.04760
Df =ty l=porr 10.64 / 4.237-4.699 | PRD110(2024)052002
Dt =ty l=eorp 6.32 / 4.178-4.226 PRD110(2024)012003
D° —» K rutu, 7.93 / 3.773 PRL134(2025)011803
DY — Ko~ etv, 7.93 / 3.773 arXiv:2412.10803
Dt — Kir'et v, 7.93 / 3.773 JHEP10(2024)199
D’ — 7= n%t v, 7.93 /3.773 PRD110(2024)112018
DY) — by(1235) " Oety, 7.93 / 3.773 arXiv:2407.20551
DY) — Ky (1270)~Oety, 20.3 / 3.773 arXiv:2503.02196
D) — Ky (1270)~ O pty, 7.93 / 3.773 arXiv:2502.03828
D" — 20(980) ~ |,)r— €' Ve 7.93 / 3.773 arXiv:2411.07730
D — Pnetve, P=1n,K 7.93 / 3.773 PRD110(2024)112001
Df — Klet v, 7.33 / 4.128-4.226 PRD110(2024)052012
Df — Petve, P= 1) K 10.64 / 4.237-4.699 | PRD110(2024)072017
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https://arxiv.org/abs/2501.04760
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052002
https://link.aps.org/doi/10.1103/PhysRevD.110.012003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.011803
https://arxiv.org/abs/2412.10803
https://link.springer.com/article/10.1007/JHEP10(2024)199
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112018
https://arxiv.org/pdf/2407.20551
https://arxiv.org/pdf/2503.02196
https://arxiv.org/pdf/2502.03828
https://arxiv.org/abs/2411.07730
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

Summary and prospect

Summary

Purely and semileptonic decays of charm hadrons are important for determining CKM
matrix elements, calibrating LQCD, testing LFU, et al;

Precisions of | V| and |V 4| have been reduced to 0.5% and 1.2%, respectively;
@ Precisions of fp+ and f+D_’R(O) have been reduced to 1.2% and 0.23%, respectively;

@ No evidence of LFU violation is found within precisions of 0.74% for R(x/e) via
D — Kty and 12% for R(7/u) via DT — Ty,

Isospin conservation is verified within precision of 1.5% via D — K¢t wy;

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

Prospect

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

e Additional 3 fb~!data ©@4.178 GeV in future [CPC44(2020)040001] will further improve
the precisions in Ds sector.

Thank you
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