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Introduction (l)

@® Semi-leptonic decays of charmed hadron provide ideal probes to study weak & strong interactions
*  Weak interaction determines quark flavor change
* Strong interaction isolated in initial-final hadron transition

@® Formalism in a nutshell
*Helicity amplitude as a product of leptonic current L, and hadronic current H*
* L, is well understood, H* is hard to calculate due to non-perturbative QCD effect

« HH can be parameterized by form factors (FFs)

« Functions of momentum transfer g2

Leptonic current: L,

Integrate out W ‘
C
W >
+0
quark interaction strength V — A theory a’
‘ Hadronic current: H# % b

4 N

\ /7 N
Weak decay effective Hamiltonian: H ¢ = %VC’; [sy#(1 = ys)cl[vy, (1 —ys)l]
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Introduction (Il)

@® Test of SM from various aspects

300+ + data ~
> — total fit ::
&) cen At Au'y, >
: . = 200f s | 810
3=+ DATA: A{= Ae'v, P ‘ | Q . > |
o RN e Physics observables o | 210
Z > ey T X X . Wy S 100F = 50F
I = s BF, differential decay width, etc. & 5
0" 0.5 1 04 0.5 T B ™ e e = 0.5 1
7 (Gevireh ¢ (Gevireh) 02 01 0 01 02 ) ¢* (GeV/c)
sf P U, (GeV)
0' 0.5 1 0'40 0.5 1
¢ (GeV¥c) ¢ (GeV¥c)

y 4
Form factors Formalism
dr. __ B(Af—he*v,) H
Calculated by LQCD, HQET, « Ve == » SEER R T
ar _ GE|veg|*

quark models, sum rules, SU(3).. In multi-body hadronic final states

& _ _FlPcql 2 2 2 2 2
dq? ~ 192m3M3_ S [ H§1 = |H—§—1| + H%o + |H—§o ] ”
X2/Nbin=69.7/49 (e)
2 100
2
=S
[ pmnnnnnnns upay Lus s ARRRERN > 50
1.oé ! Amg& Am, | ?) . !
o-{sinzs 1 2 5 — oo
EEK "T’“ ' g ° (] _g s ]
Bin v m CKM unitarity o D
r o o 4 Kn*
= A Access to V| & |V,4], test LFU & CPV ———————————————
,'5|; .T‘ il L
P
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BESIII experiment

@ Beijing Electron-Positron Collider Il (BEPCII)

Beumg Electron Posntron Colllder II(BEPCII) // -
.. SIS gand T ORI ; 2

~ Double storage rmg 240 m

2021 energy upgrade to 2. 48 GeV
* 2004: started BEPCII upgrade,
BESIII construction

’. . 1989-2004 (BEPC):

| Lpeax = 1.0x1031 cm™2 - 571

* 2009-now (BEPCII):
foo.=11%1033 rm~=2 .71

Yangu Li

@ Beijing Spectrometer Il (BESIII)

Superconducting solenoid Time Of Flight (TOF)
m10T B 9 layers (barrel) + 8 layers (end-cap) - o = 90 ps (barrel)
\ | B o, = 65 ps (end cap)
7/
. 8
ayers
Solenoid
Barrel
W, \\\\\\\|||ILII1(/1/L W
&, — ]
s N —
« [ Main Drift Chamber (MDC)
B g, = 130 ym
B AE/E = 2.5% @ 1.0 GeV m AP/P =0.5% @ 1.0 GeV
B g4, =0.6cm @ 1.0 GeV B 04p/ax =6—7%
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Data samples

@ D%+ study: 20.3 fb~! collected at /s = 3.773 GeV
 Produced via ¥(3770) - DD
* Single-tag yields 16.9M D° & 11.0M D* events

@® D¢ study: 7.33 fb~! collected at /s = 4.13 — 4.23 GeV
+ Mainly produced via ee™ - DiTD; due to larger cross-section
+ Can be also accessed from ete™ - DX*D:~
* Single-tag yields 0.8M DJ events

7 T

o) +*+ +A—
J/ ¥(2S) bb D? bs .26:1.0 Aele
@ Af study: 4.5 fb~! collected at /s = 4.6 — 4.7 GeV 6 \[Lmns | [“yegamw [y 057 | | p* ]
« Produced via ete™ - AfA; 5[ v Viow £} | o || e &
$(3770): 20 b1 Wi Y 05 o8
 Single-tag yields 0.1M Af events R . ‘ | 4’1‘;"3fb1 A - A
i P | 480405
i o ~6.3fb"intotal ||
R scan data above open-charm threshold
3.85~4.59 GeV: 104 points, ~800 pb~"
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Unique abilities (I)

@ Near-threshold pair production Q)
*  Without accompanying hadrons Q’;)v .......
» Clean backgrounds and well constrained kinematics Semi-Leptonic mode Qg\u

le )_ /_\ e+)
@ Double-tag method / |

 Reconstruct h — signal & h — hadronic tag modes sequentially /O A} tagging

* Allow to: \) /
* Measure absolute BF \) \)

» Suppress hadronic background
* Recoil missing neutrino
» Cancel systematics

i?j
B — > Vot B Npr _ Npr
sig — i,7 - % - - _ sig ’
3 Ngp | 6 3 Ngip - 4yj Ng - €518
i\ i " €pT ij \ ¢a  €DT
€sT ST
Ny =2N!, B =y (2 g, /ZN;%,
AfA; T tag ST’ 7 \ €5t
J i b :
N =2N ArA- BiagBsig ek Nst= > N

2%}
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Unique abilities (ll)

@ Neutral particle detection
» BESIII has high acceptance & performance EMC
+ Reconstruction for y & ? is effective and precise
- Reconstruction for n & K is challenging yet possible

* Deep learning methods are being explored

A{ - nmt, PRL 128, 142001 (2022) A7 - 1+ X, PRD 108, L031101 (2023)

- ¢ data 600 p———— T
- | N : +0ma ]
C % 500 &8 A, — X 7
- > 12| wans AT + B . 7
100 2 o M l‘ Achw Z - AJA, background
E 3ok ’L f +1 = 400 = &3 of background
80 %5 ¢ By wess back: d ) N - 7]
S -2 . ll Il 4 ackgroun 2 300 3 . Ac —nX (A|t) B
T ok 2 Hﬂn fq q ~ - ]
a 60 — 0 *} 1 1 1 1 A*K’ bkg dg - -1
- 09 1 11 12 13 oA~ - ]
§ C My (GeVicd) @ 200 -
R 40 — 8a] N ]
20 :— 100 3
0 ; O 0.5 1 5

09 1 1.1 1.2 13 : :

M,.. (GeV/c?)
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Af - ne*v,, NatComm 16, 681 (2025)

T T T T T T T T T
{ Data

+ +
|:| A} — ne*v,

GNN output for n/A classification

N [ A > Aet, ]
o - Other A} decays

b p b dadbob b ddade boad bl b Aol i didid
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Recent physics results

@ Charmed meson — scalar decays @® Charmed meson — axion vector decays
* DY > f,(500)[*y, PRD 110, 092008 (2024) * D - b;(1235)etv, arXiv: 2407.20551
« D% > ay(980)etv,  PRD 111, LO91501 (2025) * D - K;(1270)e v, PRL 135, 091801 (2025)
* D& - f,(980)e™v, PRL 132, 141901 (2024) * D - K (1270)u™v, PRD 111, LO71101 (2025)
@ Charmed meson — vector decays @ Charmed baryon decays
« DT -5 K%%ty, JHEP 10, 199 (2024) « Af > Aety, PRL 129, 231803 (2022)
© D* > K'nutvy, arXiv: 2506.05761 © A} - Auty, PRD 108, L031105 (2023)
« D> K nutv, PRL 134, 011803 (2025) - At > pK-etv, PRD 106, 112010 (2022)
- D% > KO~etv, JHEP 03, 197 (2025) - Af - netv, NatComm 16, 681 (2025)
« D° > Ko uty, arXiv: 2504.10867 « A > Xetv, PRD 107, 052005 (2023)
« D> nretv, PRD 110, 112018 (2024)
« Df - ¢petv, PRD 110, 072017 (2024)
* Df - ¢puty, JHEP 12, 072 (2023)

* For charmed meson — pseudo scalar decays,
please refer to Chao Chen'’s talk on Sep 16
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https://indico.ihep.ac.cn/event/25725/timetable/?view=standard#44-experimental-status-of-vcs

Charmed meson — scalar decays

D - Slv
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Dt — fO(SOO) [_> 1T+Tl'_]l+vl PRD 110, 092008 (2024)

@ First BF measurement

2.93 fb~1! data
- B(D* - £,(500)u*v,) x B(f,(500) > ntn~) = (0.72 + 0.13 £ 0.08) x 1073 0.4k (e) / 0.2k () signal
- B(D* - putv,) = (1.64 £ 0.13 £ 0.10) x 103
10°
@ LFU test N 10° igi?gt:al(p"u*vu) a 10 i:i;:?al(p”e*ve)
N N % — signal(f (500)u*v,) % — signal(f, (500)e™v,)
R B(D —>f0(500)u V”) — 1.14 i 0_26 E :: D+_>(Dl»1+vu E 103 :: D*’—)(x)e+ve
B(D+—>f0(500)e+ve) = other BKG = 0 other BKG
BTty = 088 £ 0.10 £ £ 1}
0.5 1
M,... (GeV/c?) M,...(GeV/c?)

@ First extraction of FF
- f/°(0) = 0.63 + 0.06 + 0.05 .

* r; = —=5.8+ 2.4 + 0.5 under z-series expansion LESRIT 0.495+0.165

CCQM [14]  0.57+0.09

chPT [15] 0.79+0.15
This work 0.63+0.06+0.05
1
0

£2(0)
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DO - A (980)— [_> nn‘]g"‘ve PRD 111, L0O91501 (2025)

@® Updated BF measurement

7.93 fb~! data
« B(D° - ay(980)"e*v,) x B(ay(980)~ - nr~) = (0.86 + 0.17 £ 0.05) x 10~* ~50 signal
* ay(980)~ parameterized with Flatte, nt~ NR found to be negligible
* 1.2 times more precise than previous measurement
40 LI S A: 0-8>"'I"'I"'I"' " 1 "~~~ T1 1T 1
— I ‘o 20} o3l (b) ]
B 30 o | ) : ]
ON: O 15} T - | ]
8 S S = 02 — + ]
2% <10 E ! } :
o > F ing Sk |
oo oof ® 1 :
-0.2 0 00 — 0.I2 — 0.I4 — O.IG — 00 - IO_Iz - .O,I4 - I0f6 —
¢ (GeV¥/cH) q* (GeVZ/c#)
Theory or experiment ©(0) B(D® = ay(980)~e*v,, ag(980)™ — na~) (x1074)
. . CCQM [25] 0.55+02 1.43 £0.13°
@ First extraction of FF Ads/QCD [26] 0.72 £ 0.09 2.08 £ 0.26"
a LCSR 2017 [27] 1.751026 3.4g+L17a
© £(0) = 0559 % 0.056 + 0.013 sk 2001 D)
. ) LCSR 2023 [29] 1.058:+0.068 1.33059 758
Favor four—quark pICture Of aO (980) SU(3) flavor symmetry [20] 0.46 i()00656 ...0134
_ . BESIII 2018 [24] 1.331033 a0 & 009y
over two-quark scenarios This work 0.559 % 0.056,, = 0.013,, 0.86 £ 0.17.gy o.osysyst

*The narrow width approximation is further applied to estimate the B [ for uncomputed cases (denoted by the superscript *).
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Df - f,(980)[-> Tt m |eTv, PRL 132, 141901 (2024)

@® Updated BF measurement 733 fb-1 data
- B(D{F - £,(980)etv,) x B(f,(980) » ntm~) = (1.72+ 0.13 £ 0.10) x 1073 0.4k signal
» 2.6 times more precise than previous measurement
* Extract mixing angle ¢ = (19.7 + 12.8)°
- B(DF - f,(500)etv,) x B(f,(500) > ntn~) < 3.3x107* @ 90% C. L.
+ Favor the tetraquark composition of £,(980) & f;,(500)

L B —— L B [ T T T ] 10 0.8
of Df = fo(980)e v, - | P S0 (@) | (b)
s I [ —o— Data 1 L 6of 7] ~ 8 . 0.7 F
S — Total fit = ] ;2 Data R :
S - S + z 6f —Fit = o6}
S - - - Background = 40 [ e Data :[2 XQ/NDF — 0.8 '»_;:- 1
< S | —Totalfit x%/NDF = 0.6 2 4} 05F
‘2 E ‘‘‘‘‘‘‘ Signal : [
5 § 20 __---Background 1 g 2F 0.4 _
@ [ - Di—£,980)ety, 5 [
o - 1 0 ' = 03 '
02 0.1 0 0.1 02 0 0.5 1 0 0.5 I
M,y (GeV/c?) M2, (GeV7cd) 4> (GeVch) ¢ (GeV?ct)
@ First extraction of FF
f This work CLFD [6 DR [6 CDSR [7 CDSR [8 LCSR [9 LFQM [11] CCQM [12
o f+0(0)=0518i0018i0036 [6] [6] Q 71 Q [8] 91 QM [11] QM [12]
fﬁ’ (0) 0.518 + 0.018, & 0.036,y 0.45 0.46 0.50+0.13 048+0.23 030£0.03 024+0.05 0.36+0.02
» Theoretical predictions suffer from Difference (o) 1.7 1.4 0.1 02 43 43 28
¢ in theory . (32+£48)° (413 £55) 35° (8121)° . (56 £7)° 31°

large ¢ uncertainty

Yangu Li The semi-leptonic decays of charmed hadrons at BESIII



Charmed meson — vector decays

D -V
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DT > K* (892)0[—) I_(Ono]l+v, (l) JHEP 10, 199 (2024)

arXiv: 2506.05761

@® BF measurements

20.3 fb~! data
- B(D* - Kdn%e*v,) = (0.943 £ 0.012 + 0.010)% 11.1k (e) / 6.8k (p) signal
. B(D+ - KSOnOu*vﬂ) = (0.896 + 0.017 + 0.008)%
— %102 %102 %102
° B(D+ i K*(892)0€+Ve) = (529 + 0.07 + 006)% s u*(a) HL X2/Nbin = 1.4 u*(b) | X2/Nbin = 1.1 4l HT (@ x*/Nbin = 1.2
< 4 < {
— k] + Data XS] 1 ﬂﬂ 4+,
- B(D* - K*(892)°u*v,) = (4.99 + 0.10 + 0.05)% Lo / = |31 it et ik : st
=1 { ' s 0 Hy = ™
. Ly 2 p
= o-“?"'j eny e —m 1 o N e
: 6l € ﬁm X2/Nbin = 1.0 g 3l e X . X%/Nbin = 1.2 g 7t e +)(2/Nb|n=1.0
. 7% o Ju) 4 ¥ >
@® Study of K amplitude structure & D* —» K* FF 2 / 1" £ ZJW’”“WWR w Sﬁ %‘tmﬂ
. . . o o ' L
« Calculated via 5-D fits from full angular analysis o / " " ’
8.4 0.6 0.8 1.0 1.2 (P.DO 0.25 0.50 0.75 1.00 —01.0 -0.5 0.0 0.5 1.0
Variable DT — K2retv, DT — K3rutuy, m? (GeV?/c*) q° (GeV?/c*) cos6;
€ x102 x102
mg-0 (MeV/c?) 894.76 & 0.29 u* () x?/Nbin=0.8+r [ure X*/Nbin = 0.9
e (MeV/c2) 45.24 £ 0.62 £ 0.45 e Sl ﬁﬁm
Ty 1.42 4+ 0.03 £ 0.02 S ZMW#* ™ o — -
T 0.75 £ 0.03 £ 0.01 P 21 \
_ T ) ——t el EeeeeeeSi——— \
agpe (GeV/e)™ 2.324£0.11£025 1.47=+0.25+0.22 g O iz & e i N o
rs (GeV)™! —8.44 4 0.13 4+ 0.37 —9.59 £ 0.46 £ 0.58 = 7"% .;'f i B ﬁﬁ*ﬂi "
fs-wave 6.39£0.17+£0.14 7.10 4 0.68 & 0.41 s B o T + -
frxo0 93.50 + 0.18 + 0.28 92.81 + 0.67 + 0.47 2 2 2 ’
o) 4_‘ 0
—-1.0 -0.5 0.0 0.5 1.0 -2 0 2
C0s Bk X
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D* — K*(892)° |- K°n®|l*v, (Il) . 77 2020

@® CPV, LFU & angular observables 203 fb-1 data
« Measured in different g2 regions of K*(892) 11.1k (e) / 6.8k () signal
« All consistent with SM predictions

0.1
_+_ _+_ - o —
-~ 0.0 n = 0.0 —— 35 0.0
< H—" < = < B+
] 0.1 —
- e
02 = -0.2
0.1 0.1 ¢ ‘
- | 4 =1~ —= —~ 0.0 :
w0 0.0 —5— T © 0.0 ~ T * T
0.1 —+— 0.1 +
-0.2
0.1 0.1
| :t—l— O'I—u— _+_—0— + —
"% 0.0 ¢ : ) 2 0.0 ——
= i S 00 + _+_—ﬁ— < — I —
-0.1

=+
0.0 ‘ :t o.o—f—i |
'0'2:*: 0.2

0.0 0.0 .

I =
o =S SR = = cm—
R F== | ot

1.1
0.1—AI+— L A0.1:*:_l_ | _+__‘__ I _+_
T -1

{
ﬂ

+
_HJ
==
+_
_.|.

(Ss)
(Se)

o
0.0 Y 0.0 ? T ® | 1 s
—— B *
-0.1 -1 0.1 _+_ 0.9 _+_
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
g? (GeVv?/c*) g? (GeV?/c?) g2 (GeV?/c?)

(Ss)
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D° > K* (892)_[—> K_T[O]y,"'vu PRL 134, 011803 (2025)

@® BF measurements

7.93 fb~! data
- B(D° - K*(892) putv,) = (2.073 £ 0.039 + 0.032)% 6.4k signal
0 - 0 + —_ —4 F T T T m T T T
+ B(D° > (k~m°)_  u*v,) = (4223 +0.268 £ 0.222) x 10 o 1 :
[~ [ —Total fit %
> I —Signal process Q
g 10001~ D'>Ktn® = ]
. _ s [ --D°—>K'1r+1|:"‘1t“ g
@® Study of K amplitude structure & D° —» K* FF Z ol OmerBKG 3 -
> H -
. . . R AN g [ ]
» Calculated via 5-D fits from full angular analysis ok R AT S B .
o1 0.6 0.3 | 12 T4
02 0 U (OGeV) 0 02 My . (GeVic?)
600 T T T T T
- 6001~ —
Theory B (%) ry ) %
< a (c)
LCSR [7,16] 2013009 1.39 0.60 S 1 s
yUA [17] 1.98 S 3
CCQM [6] 2.80 122 +0.24 0.92+0.18 e 5
CQM [8,18] 3.09 1.56 0.74 Z 1 =
LFQM [9] e 1.36 0.83 z
HM, T [10] . 1.60 0.50
Experiments B (%) ry r
BESIII [39] - 1.46 £ 0.07 + 0.02 0.67 £ 0.06 + 0.01
FOCUS [11] 1.89 4+ 0.24 1.71 £ 0.68 + 0.34 0.91 +0.37 +0.10 [
This Letter 2.073 £ 0.039 £ 0.032 1.37 £ 0.09 + 0.03 0.76 + 0.06 + 0.02 400

200

Events/(0.13)
Events/(0.42)

(=
T
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arXiv: 2504.10867

DO N I_(*(892)_[—> I_(OTC_ l+Vl JHEP 03, 197 (2025)

@® BF measurements

7.93 fb~1 data
- B(D° - K°n%%v,) = (1.444 £ 0.022 + 0.024)% 8.8k (e) / 6.8k () signal
« B(D° - K°nu*v,) = (1.373 £ 0.020 + 0.023)%
_ D° - K’~etv, D° - K%z~ utv
- B(D° - K*(892)"e*v,) = (2.039 + 0.032 + 0.034)% _ ~ o —
0 ;1 500 ndata (a) Nt;) 103 E (a) -e-Data %1500*
7 * -+ — 0 § |-t s 1000} b R
+ B(D° - K*(892) u*v,) = (1.948 + 0.033 + 0.036)% s
5 S 1lf 7 . 2 5
€ 500 B ///// S, 5 2 500
> s W i it} o
) 0201 0 01 02 ol 0.8 W TU__(GeV) )
L] T - - - - N miss €
® Study of K amplitude structure & D° —» K* FF M, @eViCH) .
_ & 400} (c)
%% > —
* 1y = 1.456 + 0.040 £+ 0.016 < 400r 8 300} 5
© 300 5200’ &
- 7, =0.715 + 0.031 + 0.014 2> o Z
‘g : b2z 2 e e
* A;(0) = 0.614 + 0.005 £+ 0.004 g Y 02040608 1
0.2040.608 1 050 05 ¢ (GeVe?)
12p — ——— . o (GeVc) cosbe: = a0k =
: :zl(;lswwork: }CI&B;T g.gg | . 800f (© 600 ,0 S % o% 3
1.0 ‘ HMYT | LCSR 057172 Fo- S 600fy, E 400 m g 200 . £
L 5o SLCSR ] CLFQM  0.72+0.01 o L v | 2 i
r b 3¢ R +CLFQM - CCQM  0.7440.11 — % ™y 5 | 2
o 081 b, 4 CCQM | ROM  0.608 | 200 * i 200 05 o9 05 -2 ]
S L x * RQM i LQCD 0' 62 ' CosBr0 X (radians)
L 4 * I ——""/ 2
0.61 _%_ | E};?)EII:T ] HQEFT 0594010 +—— et 205 0e 05 ERC
r : % LExQM LEXQM 0.57 . €OS6pp % (radians)
oal «hQCD 1 hQCD  0.631 .
N “This work 0.614+0.005:0.004 §
1.0 1.5 2.0 01 02 03 04 05 06 07 08
Iy A 0)

Yangu Li The semi-leptonic decays of charmed hadrons at BESIII



D? - p(770)_[—> 11'_11'0]3+ve PRD 110, 112018 (2024)

@® Updated BF measurement

B 7.93 fb~! data
- B(D° - p(770)"e*v,) = (1.439 + 0.033 £+ 0.027) x 1073 f o fom 3.3k signal
. . . % -_ — Total fit
« 1.6 times more precise than previous measurement St -
g 400'_ —Signal
% i --- Background
5 200_
@ Extraction of FF B
* 1y, = 1.548 4+ 0.079 + 0.041 ok AT -
-0.2 -0.1 0 0.1 0.2
* 1, =0.823 4 0.056 + 0.026 Umis (GEV)
xperiments ry 7 E _ ++ @) 5300_ © :
This analysis 1.548 + 0.079 + 0.041  0.823 + 0.056 + 0.026 5 i s :
BESII [39]  1.695 + 0.083 + 0.051  0.845 4+ 0.056 + 0.039 S ot g ]
CLEO [40] 1.48 +0.15 £ 0.05 0.83 +0.11 +0.04 & s ; . " ' ]
v 0.4 = ‘—-(‘)TG-——_P;T; * 12 3-1 Lq_—(;_s_—___(;;_ 015 ——1
M ... (GeV/c?) cos6.
. [ ©
gzoof 4 -
: £ ¢
5 100~ s
-2 }(; 2
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oE + 1711 JHEP 12, 072 (2023)
DS 4 ¢ [_) K K ] l vl PRD 110, 072017 (2024)

© BF measurements 10.64 fb~1 (e) / 7.33 b1 (i) data
« B(D - ¢petv,) =(2.21+0.16 + 0.10)% 0.4k (e) / 1.7k (u) signal

- B(DS - ¢utv,) = (2.25+0.09 £ 0.07)%
« B(D& > f,(980)etv,) x B(f,(980) > K*K~) < 5.45 % 10™* @ 90% C. L.

@ Extraction of FF (from muonic mode)

* 1, =168+ 0.17 + 0.02 - D; —: ¢€|+Ve i Dy - putv,
* 1, =0.71+0.14 + 0.02 100F pr— ge'v, $ Data 1 600~ t Data

= Best fit § — Total fit

Signal o [ Signal process

Experiments ry T I —D!—ou'v, 1 ; 400‘_ DiKK T
PDG [45] 1.80 4+ 0.08 0.84 +0.11 sol —Background | =
This analysis ~ 1.58 4 0.17 = 0.02 0.71 +0.14 4 0.02 2 [ Other BKG \
BABAR [26]  1.807 4 0.046 £ 0.065 0.816 = 0.036 £ 0.030 :; 200
FOCUS [59]  1.549 + 0.250 +-0.148  0.713 & 0.202 + 0.284 - 1
Theory TV T9 = 0
CCQM [5] 1.34 4£0.27 0.99 4 0.20 0.2 0.1 0 A e
CQM [6] 1.72 0.73
LFQM [7] 1.42 0.86
LQCD [3] 1.72 +0.21 0.74 +0.12
HMYT [8] 1.80 0.52
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Charmed meson — axion vector decays

D — Alv
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D - b;1(1235)[- wmr]e*v,

@ First observation & evidence
« B(D° > bye*v,) X B(b] » wr™) = (0.72 + 0.18%3:35) x 10~* with 5.2¢
- B(D* - ble*v,) x B(b) » wn®) = (1.16 £ 0.44 + 0.16) x 10~* with 3.10

* Reinforce the assumption that wm final state dominates b; decay

@ Ratio of particle decay width
r(D%-byetve)
2I(D*-bletv,)

= 0.78 + 0.19%3 7%

» Consistent with isospin conservation

Event / (40 MeV/c?)

Event / (40 MeV/c?)

M, (GeV/c?)
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Event / (10 MeV)

Event / (10 MeV)

arXiv: 2407/.20551

7.93 fb~! data
~36 (D) / ~18 (DY) signal

+ 0,+
D" - bje™ v,

[ (b) . D'— Kgﬂ:*e*ve
30 :— W' Kwnn

+ Wlp'- K nen®
- non-DD decays

20 +
r Other D decays

30 [ (d) -D+—> nrrnletv,
[ WP - K crpty,
[ Br- oo
20 N . non-DD decays
Other D decays
10
0 liiey ] SerEd-
-0.1 -0.05 0 0.05 0.1
U (GeV)

miss



D - K{(1270)[—- Knm|e'v, PRL 135, 091801 (2025)

@® Updated BF measurements 20.3 fb-1 data
- B(D* > K;(1270)%%v,) = (2.27 £ 0.11 £ 0.07 £ 0.07) x 1073 1.3k (D*) / 0.7k (D°) signal
- B(D° - K;(1270)"e*v,) = (1.02 £ 0.06 + 0.06 £ 0.03) x 1073

*
B(K 1 (1270)_)1{ T[) — ( 2 0 3 + 2 1 + 8 7) % 100 (*/Nbin=62.7/48 (a) ~ 2001 x*/Nbin=49.2/48 ©) ~ sl X*/Nbin=52.9/64 (Y]
B(K1(1270)—’K,0) - - g g 'E 1sof % ol
z % é 100 i wk -
& 2 % S0 W TNy y % 20 gl '
§ s teutery tenes, Soueee- otergtottesetietstest § v rrr——— . §=’.--.-.-'a----.~v.m;.-...~-e ErEr—— . 5_".;’:::&:;;'1M- .
- 05 0.0 05 0 T 05 0.0 05 0 T 0.2 0.4 06 0.4 0.6 03
@ StUdY Of K 1 StrUCtu re & D - K 1 FF cosd,, €osBy ¢ (GeV¥/ct) M, « (GeV/c?)
X*/Nbin=69.7/49 (e) | = 10T »/Nbin=34.3/50 o _ X}/Nbin=77.8/57 ()
. . 2 < < —4— D:
* Based on amplitudes analysis : : 1 ackrouna
= S sor 5 — Total fit ]
© 1, =(-11.24+1.040.9) x 1072 2 i ks
& B & - = = K,(1270) - K 1 D-wave
oF

o 1y = (=43 + 1.0 £ 2.5) x 102 R
« Up-down asymmetry A;; = 0.01 + 0.11
* K, longitudinal polarization F;, = 0.50 + 0.04

T T ' E——
S 2r S (d) “\ { iy [s]k
X X 4f \ | -=- 3PSR[1]
= = . | == AdsQCD [8]
= = TN e LFQM1 [9]
E S X ," —_ LFgMz Ell)]
] 3
1+ z
ML i 2
T |
. . . . e ] / ) i
Comparison with theoretical predictions ® o 0 ,
- -80 40 0 40 80
0, ()

in function of mixing angle O,
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D - K{(1270)[- Knn]u"'vu PRD 111, L071101 (2025)

@® First BF measurements 793 fb-1 data
- B(D* - K;(1270)u*v,) = (2.36 £ 0.207338 + 0.48) x 1072 with 12.5¢ 0.4k (D*) / 0.2k (D) signal

« B(D° - K;(1270) " u*v,) = (0.78 £ 0.1173:35 + 0.15) x 1073 with 6.00

@® LFU test 80:— D'SK iy, 1 F D'SKmmouty,
+ ,; g 80 | ¢ Data i
© R =1.03+0.14331; 2 | 2 p el
D° +0.08 = % S 60F--BKG I ]
' PR = 40f
> > [
= 20 2 20¢
@ Isospin test S = 0 S —

. — o 4 -0.10 —0.05 0.00 0.05 010 -0.10 —0.05 0.00 0.05 0.10
r(p*-K;1(1270)%u*v,) — 192 + 0.10%006 U, (GeV) U,..(GeV)
r(D%-K4(1270)~utv,,) s = =009

CLFQM CLFQM LFQM LCSR
[10] 3PSR [9] LCSR[11] LCSR [11] LCSR [11] [12] [12] [12] This work
Decay O0x1 33° 37° —(34 £ 13)° 45°
D* > Kutv, Predicted  2.60£030 270£025 1859 +0.31 16.86+£027 19.73+0.32 591047 37+000 | 4+015 936 4 020018 & (.48
Deviation (o) 0.4 0.6 27.3 252 29.0 6.8 2.6 1.8
D° — Ky, Predicted 103£0.1 809+0.15 678+0.12 892+£016 231019 15100 (54+006 .78 4 0.11+005 £ 0.15
Deviation (o) 1.1 28.6 25.1 31.1 5.4 2.8 1.1
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Charmed baryon decays

A-CI-_ — Bl+Vl
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A = ALty (1)

@® Precise measurement on BFs

© B(AY - Aetv,) = (3.56 + 0115, F 0.07y5. )%
« B(A} - Autv,) = (348 + 0144, + 0.104y5, )%

@ LFU tests
* In ratio of integrated BFs

- In differential decay rates in g2 binning

* In forward-backward asymmetries

)
>
i3
Rl
3
=

U__(GeV)

miss

Averaged
3
LQCD

H’ﬂ%‘%’ 5 1+-++++++

PR T g St 02
O e RCNN
o P 2 Ol i
2 olf N B Y ;
o __;“_ -0.2 B CON rC
< 005 : 04k : et
A
02 04 06 08 1 12 .
7 (GeV?) 7 (GeV?)
> ey B 4 0.2
o 0.15F ,,»5:.—{.—_» =i O +
i<} P gy,
2 gt S 2 Of i
£ = S Yoo 7‘_.:*: . _t__ "y o
2 005 ; oaft +
= 0 o
0 02 04 06 08 1 12 0 05 1 ol
¢*(GeV?) 7> (GeV?)

14 49
12k
k gz ol -0.51
45 Ihpeser 4_:*7“}‘ | % ‘;+_._ S S
& 08 7'4{ [ ok LR

0.6 0

0.5 1
7 (GeV?)
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—+ data

— total fit

ses AT Ay,
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- other bkgs
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200

100

—+data
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@ Extraction of FFs
* Show different kinematic behaviors compared to LQCD predictions

+ +
A7 = Ae™v,

3L=='DATA: A{—> Ae'v,
= LQCD: Af— Ae'v,

g 2 g (:9 """""" o 5
S| e =06 i =
ks
0 0.5 1 044 0.5 1 0 03 1 0 03 T
¢ (GeVZ/cH) ¢ (GeVZ/cH) ¢* (GeV?) ¢* (GeV?)
1
09F
& S 4 & T 08
o 00+ 0.6 i o er 07k
0.6 s
0 0.5 1 045 0.5 1 0 05 I 0 05 1
¢ (GeV¥ et ¢ (GeV?/c% ¢ (GeV?) ¢* (GeV?)

@® Extraction of CKM matrix element |V |
* Combine measured BFs of A7 —» AeTv, & AuTvy,

* Take FFs from LQCD and 75, from PDG as input
* Yield |Vs| = 0.937 £ 0.0145 + 0.024;ocp + 0.007,,

« Consistent with D - KITv; measurement within 1.20
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Al - pK etv, PRD 106, 112010 (2022)

20} +data .. .o @® The second observed A semi-leptonic decay
—total fit . vt .
T | mweon, ~x - B(Af > pK~etv,) = (0.88 + 0.17 + 0.07) x 1073 with 8.2¢
— AZ— PRy, D *
< '~ pKn'n® g | ',__.' o
% 10F -::therpbkgs é 0.0 ’ .
g Al 4 ~ S @ Evidences found for A7 - A*e*v,
i # ! . B(AJg - A(1520)e+ve) = (1.02 + 0.52 + 0.11) X 1073 with 3.3¢
02 -0.1 00 0.1 02 14 15 16 17 18 19 o + -1,+ — -3 H
U (GeV) My (GeV/c?) B(AC — A(1405) [ pK™ e ve) (0.42 + 0.19 + 0.04) x 10~ with 3.20
Elusive nature,
- Potential molecular state or pentaquark candidate
10 | - A:—) A(1520)e’v, + data
. A= A(1405)e’v, — total fit
;w s Mg PR, *  Comparison with quark models and LQCD
Ai— pKn®
[0}
< Rt B(AF — A(1520)etw,)  B(AF — A(1405)e*s,)
g S Constituent quark model [8] 1.01 3.04
£ Molecular state [9] 0.02
S Nonrelativistic quark model [10] 0.60 2.43
= Lattice QCD [12,13] 0.512 + 0.082 .
. Measurement 1.024+£0.524+0.11 %

14 15 16 17 18

M, (GeVie?)

Yangu Li The semi-leptonic decays of charmed hadrons at BESIII



Al - netv, (l) NatComm 16, 681 (2025)
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. [ A} > netv. ] I [ A; - e, ] RQM Phys. Rev. D 56 (1997) 348 .
~ 100 | + + N 100 ~_ =~ . .
~100 T Ar > Aty ] a e T HQET  Phys. Rev. C 72 (2005) 035201 .
g 80 F B Other A7 decays g 80 [ Bl Other A7 decays ]
= [ 1 = 1 CQM Phys. Rev. D 90 (2014) 114033 °
2 60 ¢ g 60 RQM Eur. Phys. J. C 76 (2016) 628 o
> r >
2 4L = 40 SU®3) Phys. Rev. D 93 (2016) 056008 —e—i
20 20 QCDSR  J. Phys. G 44 (2017) 075006 ‘ol
ok 0 SU@®) JHEP 11 (2017) 147 —e—i
3F 3 3F LFQM Chin. Phys. C 42 (2018) 093101 °
T o phigttphtttndit ot il ey 2 o
£ JFT 2L YA L & JF _ SU®B) Phys. Lett. B 792 (2019) 214 ——i
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 I MBM Phys. Rev. D. 101 (2020) 094017 .
GNN output for n/A classification GNN output for 72/A classification LFCQM Phys. Rev. D 103 (2021) 054018 F °
SU®B) Phys. Lett. B 823 (2021) 136765 —a—i
. . . eye . HBM Phys. Rev. D 107 (2023) 033008 —a—i
@ First observation of Cabibbo-suppressed ¢ — d transition in A} SL ys. Rev- D 1072029
QCDSR  Phys. Rev. D 108 (2023) 074017 ———i
decays
LQCD Phys. Rev. D 97 (2018) 034511 —e—i
* B =(0.357 + 0.3344,. + 0.0144y5 )% (> 100) BESIT oxp. —
PR BRI A RS SR R PR U TR B R S S B T

L PRI I T T T N R
-03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

@ First determination of |V ;| from charmed baryon decays BA* — ne*vo)(%)

* Take form factors from LQCD as input
* |Veal =0.208 £ 0.011 ¢4 £ 0.007gcp 0-01111\2,

@® Examination for various theoretical models
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Al - netv, () NatComm 16, 681 (2025)

@ A novel deep learning method is developed to separate signal from dominant background A} — A(nn")e*ve.
* Use Graph Neural Network to classify n/A energy deposition patterns on EMC
« Establish a data-driven pipeline for GNN training, calibration, validation and systematic uncertainty quantification.

» Extensively utilize control samples from 10 billion J /i events collected at BESIII.

2 _x10} 22 x10°
20 F (a) {  Data: J/y — pr'n 2F (b) . sl (© {  Data: Jjy — S (nrt)E(pn)
18 F t  Data: J/y - pK*A 18 F b Weight factors for n t  Data: J/¥ — E-(Ar)E (Ax)
16} [ MC:Jjy - prn REN f  Weight factors for A _wf [ ™MC: Iy — = n*)E(pr®)
Q14 b [] MC: /gy - pKA . gl4r 8 [ MC: /g - E-(Ar)E*(Ax*)
gl2y LT H“ 3
E E 1 i '“:lp;l“llﬂl‘::h‘z i 2
< . [ ! S
d Fos 3+n¥'ﬂﬁ¥m*" W G0 fff
6L o6f * -
4 F 04 F 10 F
2k 02 F
0 LAAARL T I T T i 0 L L 1 1 1 L 1 1 1 0 T T o
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification GNN output for n/A classification GNN output for n/A classification
» x10° 22 x10°
20 E t  Data: J)y - prii . 2F t  Data: J/y — E(an)T*(pr°)
(5
18 F @ {  Data: J/y — pK-A 18 © } Weight factors for 7 ! 0 ® {  Data: J/y — EX(AxHE(An)
_ler [ Mc:uy - pra 01'6 3 t  Weight factors for A _ 40 [ [ MC:Jjy - S @)zt (pr)
14 [ MC:J/y — pk-A Bl4 . i g [ MC: Jjy — EX(ArH)E(A1)
’ ol12 . =
1 = 1. gy e ||": #t#ﬁ“'““;'ﬂ};*i' 530
M [} M =)
Extendable to more BESIII studies N Sos LT DT N
. . . 6 F 06 F
involving neutral hadrons, especially of 04 ok
) 2F 02 F
those who can’t be reconstructed by Y S — o o et . -
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
recoil masses. GNN output for 72/A classification GNN output for 72/A classification GNN output for 72/A classification
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A - XeTv, PRD 107, 052005 (2023)

H H + H H e yields T yields
@ Improved measurement of inclusive A semi-leptonic decays i . - RSe o i 5 s
o B(A} - Xe*v,) = (4.06 + 0105 + 0.09y )% R ey **“L -
vg;' s == é 5000 o~ -
@® Ratio between charmed meson/baryon decay widths E ol 2 E o o
> o 4 -~ -0
tAZoxeve) _ 1 28 4 0.05 e = ] s
F(D—)Xe-'-'ve) o ) - ) 1 +r."'.-l'."-0-|-0-l-- _-:O-."O' 0 1 1 1 —.-:-."'.1'."-014-0-—0-1'%
02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1
° ° ° o o o go ° p (GCV/C) P (GeV/C)
@® Use unfolding method to calibrate particle misidentification
NSbs Peo Pose Pxoe Py, [Ng*© _ 1o0of- _{):é‘w % xilvssl;yyi:ﬁ;s 4000 oot o isvssppr:;z?nyyiie:;s
N < O~
Ngbs Pe—>]r P]l'—)][ PK—m Pp—»it Ngzme E = E 3000 e O
= 8 o~ e 8
NOKbS P._x P Px_x Pl)—>K Ntlgue % S0 s % 20008 - FO-:-O‘
obs P P P P true 5 5 - o=
Np e—p TP K—p p—p Np i} e e _._*z-o- 2 ook —O-"O"__O_
%.2 073 0.I4 O.IS 0?6 0.I7 078 0.l9 -t] 00.2‘ 0:_3-— 0..4A O.IS. 0T6 O.I7. 0?8 _.OJ.Q 1
p (GeV/c) p (GeV/c)

Constraint on unobserved A} semi-leptonic decays
*  Combine inclusive & exclusive measurements, assume all uncertainties are uncorrelated:
B(AT - XetVe)xeanpk- = (0.55 + 1.535 + 1.1555¢ ) X 1073

* The majority of experimental gap has been filled.
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Prospect

@ BEPCII(-U) & BESIII just finished a major machine upgrade.
 Triple the luminosity @ 4.7 GeV — more Af data
* Extend c.m. energy up to 5.6 GeV — pair production for 2., =, Q.
* Replace inner MDC with CGEM detector

A — p— — ==
50 ACACECEC‘:‘C‘:‘CQCQC
‘ —— 3-loop pQCD
])(1033 Lo 2E=4.69 — §.98 GeV I :E?Rnewscan
i g 43 * Integrated |iminosity 13.7 pb-! e
7l R W PRl i rystal Bal
o (RERCIER) 1 \ 17/energy SiRts
L, 8x10% ; !
'”.:P 4.0 ',' \ \‘
1
i /oy ST BERERBEE=Ea=
2 6x10%} o 35 i N i\—'>+++ + H—
: AR T
= 4x10%f 3.0 RN e
&
2x 102} ; 2.5M| I
L ]
2..0 : 3.0 4.0 5.0 5.6 20 4.0 4.5 5.0 5.5 6.0 6.5 7.0
4 ' Ecm (GéV) ' ' Vs (Gev)

@ According to latest time schedule:
- New A} data taking will start in 2026
* Above-5-GeV data taking will start in 2028
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Summary

@® Semi-leptonic decays of charmed hadrons provide good opportunities to study their inner dynamics and test SM.

@ BESIIlI made significant experimental contributions in recent years, including
* Precise measurements of CKM matrix elements |V ;| & |V,4]| (see Chao Chen’s talk on Sep 16)

* First / improved measurements on various decay BFs and FFs
* Accesses to light hadron spectrum via multi-body hadronic final states

@® Deep learning methods can bring impressive and reliable physics results in these investigations.

@ BEPCII(-U) & BESIII machine upgrade will provide more opportunities for charm hadron physics.

Thanl antion!
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