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Introduction

@® A} semi-leptonic decays 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)

* Six FFs fo,go,f+;g+;fL;gL
* At m; = 0 limit, reduced to four FFs f,, g+, f1, 9. Leptonic current: L,

+ Functions of momentum transfer g2

Integrate out W

» >

(AP, 5) el (1, 5) = (Ay, 51V = M)Ay, 51)) 6 ‘ ’

_ 2 , v N 5 quark interaction strength V — A theory
HV(‘A)H = (A(p2'52)|vﬂ|AC(plr31)) = u(pZ'SZ) [yp:fl(q ) r “j-j,w,i_l Z(q ) ar m_lfj(q )J u(pllsl) Hadronic current: HH' V\ , b
N
_ ) ) - ] : , v : qt . ) \ / N
HaDy = (AP, )| 4] Ac 1, 51)) = Ay, 57) [Yﬂgl(qz) + 1047 92(0%) + m—lg3(q3)]u(p1,51) Weak decay effective Hamiltonian: ¢ = 3—_:%§|§Y“(1 = ¥s)cl[vyu (1 —ys)l]
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Introduction

@® Test of SM from various aspects

3=+ DATA: A{= Ae'v,
== LQCD: A{— Ae

f1(@*

e

0 0.5 1 0 0.5 1
¢ (GeVZct)

£ (g%

0 0.5 1 U 0.5 1
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y 4

Form factors

Calculated by LQCD, HQET,
guark models, sum rules, SU(3)...

Physics observables

BF, differential decay width, etc.

[ ]
Formalism
fﬂd 2 =B(A2r_’he+ve)
dq? TA? )
ar _ G5|ch|2 2y 2
[+

=L xpqg?x||H
dq? ~ 192m3MZ_ q [ 21

Hi
EO

"°é ! Am & Am,
[ simep,
o5 = CKM unitarity
o A Access to |V, |Veq| & test LFU
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Experimental status

@ Before 2015, knowledge for A} semi-leptonic decays was very limited A¢ - Ae*v,, PRL 115, 221805 (2015)
« Only relative BF and FFs for AT - Ae*v, reported by ARGUS & CLEO e ///// % 3 ©
c ‘ >V ¢
142 TR Q
£ S , £ 10+
~ W 7 qE
@ First-round BESIII data made significant progress in 2015-2019 B 15//01/ 0/ 41/ T T
- 587 fb~! dataset collected at /s = 4.600 GeV Vi (GeV) Uriss (GeV)
* First absolute BF measurements for AT —» Ae*v, & Au™vy, A} - Aptv,, PLB 767, 42 (2017)
* First inclusive BF measurement for AT - Xe*v, g ' / 3|
51.12— : , : g hl
@ Second-round BESIII data aimed for a larger scope / / / / I
* Precise studies on golden channel AL = Al*v, e (GV) Ui (GV)
 BF, LFU, FFs AL - Xetv,, PRD 121, 251801 (2018)
« Search for other Af semi-leptonic decays sl
B(Af-Netve) *

= 80%~100%, much greater than D meson cases

I
o

B(Af-Xetve)
« Excited state A} — A*?

« Cabibbo-suppressed Af —» n?

Events / (0.1 GeV/c)
N
o
T

0.|2 O.I4 0.|6 0.8 1
Momentum (GeV/c)

o
O
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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%

Semi-leptonic decays of A} at BESIII



Data samples

@ Overall: about 50 fb™! @ /s = 1.8~4.95 GeV after 15 years of data taking

@ Dedicated to charmed baryon studies
- 2014: 587 pb™! @ /s = 4.60 GeV
- 2020-2021:39 b1 @+/s = 4.61~4.70 GeV
« 2021-2022: 19 b~ @ /s = 4.74~4.95 GeV

+ Totally 6.5 fb~! data from 13 energy points, about 1 million A¥A7 events
CPC 46, 113003 (2022)

Sample Ecms/MeV Lihabha/Pb
4610 4611.86+0.12+0.30 103.65+0.05+0.55
PRL 131, 191901 (2023) 4620 4628.00+0.06=0.32 521.53+0.11+2.76
- T e Atk 4640 4640.91£0.06+0.38 551.65+0.12+2.92
I -4 BESIII 2023 4660 4661.2420.06+0.29 529.43+0.1242 81
400 — <-BESTII 2018 4680 4681.92+0.08+0.29 1667.39+0.21+8.84
= - %‘:’rshol q 4700 4698.82+0.10+0.36 535.54+0.1242.84
@ m 4740 4739.70+0.20+0.30 163.87+0.07+0.87
o 200__ ;} o4 oo o + JT{» 4750 4750.05+0.120.29 366.55+0.10+1.94
| . L 4780 4780.54£0.12+0.30 511.47+0.12+2.71
L JF%:{} ‘ %%{’ . |, 4840 4843.07£0.20+0.31 525.1620.1242.78
- %’ + 4920 4918.02£0.34+0.34 207.82+0.08+1.10
0 — e 417 — 4f8 — 4f9 — 4950 4950.93+0.36+0.38 159.28+0.07+0.84

Vs (GeV)
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Unique abilities in A} study

Yangu Li

@® Near-threshold pair production

- ete™ - y* > AtA7 without accompanying hadrons

Clean backgrounds and well constrained kinematics

@® Double-tag method
Reconstruct Af - signal & Az — hadronic tag modes sequentially

Allow to:

Measure absolute BF
Suppress hadronic background
Recoil missing neutrino

Cancel systematics

Relatively low efficiency ~ 15%

Only 12 out of 0(100) At decays are used as tag modes

Deep learning methods are being explored to improve efficiency

Semi-leptonic decays of A} at BESIII

Semi-Leptonic mode Q})\d
9— —Q
_— O A? tagging

‘J/\)

i?j
B — > Vot B Npr _ Npr
sig — Ni,j _ N’i»j - - N sig’
To (k) Top (5F k) T
ij \ ed  €DT ij \ ehd " €DT
€sT ST
j i S8 = : N”,
Ng. 2NA,,A_13tag . Z(ST )/Z 5t
.] i . ‘?j
Ngp =2N A:R; BiagBsigpr> Nst =) Nt



Unique abilities in A} study

Yangu Li

@ Neutral particle detection

60

40

Events / 10 MeV/c?

20

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

Af - nm™, PRL 128, 142001 (2022)

Events / 10 MeV/c?
S B B o
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600

- 4 Data
500 |- mK;—mX

- AR, background
400 :_ £33 g background
300F - A = TIX (Alt)
200 |
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A7 - 1+ X, PRD 108, L031101 (2023)
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Events / (0.02)

Pull

140

100

x©
[e]

120 |

Af - ne*v,, NatComm 16, 681 (2025)

(a)

{ Data
[ | Al — netv,
B Al — Ae'v,
- Other A} decays

'NEET W

02 03 04 05 06 07 08 09
GNN output for n/A classification
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Published results from second-round BESIII data

A7 - Aev, PRL 129, 231803 (2022
A > Aptv, PRD 108, L031105 (2023
A¢ > pK~e*v, PRD 106, 112010 (2022

Af - Antnetv, & pKon~eTv,
+ +
A; o ne’v,

+ +
A; - XeTv,

NatComm 16, 681 (2025
PRD 107, 052005 (2023

OOMORONONO),

(2022)
(2023)
(2022)
PLB 843, 137933 (2023)
(2025)
(2023)
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— — B PRL 129, 231803 (2022)
Ac - Al Vi (l = €, ﬂ) PRD 108, L031105 (2023)

-3 -2 -1 0 1 2 3 4 5 6

e L e e s e e e T
NRQM Phys. Rev. D 40 (1989) 2955 L4 L4 oo L4

@ Event selection

« ST dataset reconstructed from 14 A; tag modes CQM  Z Phys. C52(1991) 149 .
NRQM  Phys. Rev. D 45 (1992) 3266 .
« Select DT A » pn~ and e* in the recoiling side QCDSR Phys. Lett B431 (1998 173+t
. . . . QCDSR Phys. Rev. D 60 (1999) 034009 ——i
* Fitto Uniss distribution Uniss = Eniss — ¢|Pmissl CQM  Phys. Rev. C 72 (2005) 035201 .
fiss = s Prmiss LCSR  Phys. Rev. D 80 (2009) 074011 ——
Emiss = Eveam — EpA — Ee+, POLE  Phys. Rev. D 86 (2012) 014017 o
5 _ 5.2 o CCQM  Phys. Rev. D 93 (2016) 034008 .
Pmiss = PA; — PA — Pet*» RQM  Eur. Phys. J. C 76 (2016) 628 .
NRQM  Phys. Rev. D 95 (2017) 053005 .
LQCD Phys. Rev. Lett. 118 (2017) 082001 =
LEQM  Chin. Phys. C 42 (2018) 093101 ®
@ Precise measurement on BFs LFCQM Phys. Rev. D 101 (2020) 094017 —_—
LEQM  Phys. Rev. D 104 (2021) 013005 —_—
o B(A-é- N A€+Ve) — (356 + 0'1lstat + 0075 St)% HBM  Phys. Rev. D 107 (2023) 033008 ——
- " yst. QCDSR Phys. Rev. D 108 (2023) 074017 —
« B(A} - Autv,) = (348 £ 0.14g, + 0.105y5 )% PDG 2015 .
BESIII 2015 ——
BESIII 2022 o
+ + PSR S T N S T S NN T T N T N T TN A S NN T T AN TN S N TN ST A T S S
At - Aetv, A = ApTvy 3 2 1 0 1 2 3 4 5 6
300F -+ data —+data -(B(AT — Ae*v,) (%)
—_ 1.14 % — total fit % 200}k —to:al fit e
3 @) cee A A“+Vu O A Anb’li
==nonres S
> e S 200f At Ax'e0 = g
g 1.12 T . % -« other bkgs %
- B = 5 100f
= i -1 2100 S
. b )
s / / | i : e
-0.2 -0.1 0 0.1 0.2 -0.2  -0.1 0 0.1 02 02 01 O 0.1 02 -0.2 -0.1 0 0.1 02
U, s (GeV) U s (GEV) Ui (GeV) U . (GeV)
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- -+ B PRL 129, 231803 (2022)
Ac - Al Vi (l = €, ﬂ) PRD 108, L031105 (2023)

@® Test of lepton flavor universality
* Ratio of integrated BFs

o
=
5

dT/dg? (ps'GeV?)
o

B(AE>NAetv,) q_‘.:}-_sz
m = 0.98 i 0-055tat. i 0'035yst. 0.05 : 0.4
, , o 0002 04 06 08 1 12 0 03 i
* Consistent with LQCD prediction 0.97 7> (GeV?) 7 (GeV?)
go.ls— . 0.2r
- Differential decay rates in g2 binning % 01 - -E 02 pue 4
Nm K — ‘L”
A / me( N o NS = 0.5 0.4f = +
= € 7 T, © . . . . . .
GDT/ A % 0204 9.(6G ({}g) 1 12 0 OS(G v 1
¢ (Ge g (Ge
«  RH€ consistent W|th LQCD prediction LaF
—— 4F
.« l2f
3 o z L[y
. P R T gt
 Forward-backward asymmetries = 08?‘{—‘*‘—}: oL | T _l_
* For both Iepton system & prr~ system 060‘ = i ; e :
2(GeV?) -
Ae’p (qg) fO dq%lcos@g dCOSsz f 1 dq2dC069,g dCOSGZP 1 ¢ 4 AoA Y, -4~ Averaged
FB ALY,
fO dq2dcosi9g DdCOSQ@ p + f 1 dqzdcoseg » dCOSQg P ()_-I|‘_:(3(31|;u or o
* Also consistent with LQCD prediction 3= __%_ [ - & TL
bt l) et
oal -
0 03 1 0 03 1
4* (GeV?) ¢* (GeV?)
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- -+ e PRL 129, 231803 (2022)
Ac - Al Vi (l = €, ﬂ) PRD 108, L031105 (2023)

d‘r _ G}V Pg (3, i 1 3 ) 2y
@ Extraction of form factors dPdcos6,deosb,dy | 2(2n)  24M5, {5(1 c050,)?|Hy [*(1+ ap cos0,) + 2 (1+cos 0,)*[H__y[*(1 — @y cos6,)
. . . . . . 3. 3 . .
 4-dimensional fits to differential decay width 7SO Hyol* (1 +acos,) + [H_y*(1 - apcosd,)] + 5 ap cosysind, sind),
2
° e+ve mass square q X [(l—cosae)H_%)H%l +(1+cos€e)H%0H_%_1]},
* A - pr helicity angle 6, -

s W* > etv, helicity angle 6,
« Acoplanarity angle between A & W* decay planes y

* FFs parameterized with z-expansion

ag

1- q2/ (mgole)
* 5 independent variables in the fit

(@) =

5 [1+al < 2()]

)
: . T
* Normalized using BF result g 150
<
= 100}
S
Z 50t
Parameters aft al* re re ry S
— — = 0.5 1 05 0 05
Values 143+£209+0.16 —8.15+1.58+£0.05 1.75+032+001 3.62+065+002 1.13+0.13+0.01 42 (GeV¥/ch) cosh),
Coefficients af* al* Ty, Tf. Tg,
al ~0.64 0.60 -0.66 -0.83 ~0.40 ~ 150k . E 1500
ol ~0.63 0.62 0.53 ~033 S e < w
Z 100} % 100}
alt -0.79 ~0.67 -0.07 = ; 2
re 0.57 ~0.09 @ 50f 2 50t
+ 8]
rr, 0.39 . )
05 0 05 2 0 2
cos, X (radians)
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- -+ B PRL 129, 231803 (2022)
Ac - Al Vi (l = €, ﬂ) PRD 108, L031105 (2023)

@ Extraction of form factors
* Show different kinematic behaviors compared to LQCD predictions

+ +
A7 = Ae™v,

3 [+ DATA: A{—> Ae'v, I
_ *=LQCD: A;—> Ae'v, —~osl _
NS 2 o (:9 Sl e 7 E
S| e =06 i =
Ik
0 0.5 I 049 0.5 I 0 05 I 0 03 T
¢ (GeVZ/cH) ¢ (GeVZ/cH) ¢* (GeV?) ¢ (GeV?)
1
09
& & W /Z S T 08F
o 00+ 0.6 i o er 07k
oy
0 0.5 1 049 0.5 1 0 05 I 0 0.5 I
¢ (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

Yangu Li Semi-leptonic decays of A} at BESIII



Al - pK etv,

Events/0.01 GeV

Events/0.01 (GeV/c?)

Yangu Li

20} 4data
—total fit
15k BAri— pKety,
AZ— PRy,
A~ pKn'n®
10F - other bkgs

e

0.0 0.1
Urniss (GeV)

1 | ~‘

101 B - A(1520)e’y,
A= A(1405)e’v,

%
I

_ o}
> . .

[5} R

5‘30.0— ¥oh o

g

)

-0.1F

14 15 16 17 18 19
M - (GeV/c?)

—— data

— total fit

e A PR ety

Ai— pKn®
e other bkgs
-== A{> pKuty,

1

7

M, (GeVie?)

18

PRD 106, 112010 (2022)

@® The second observed A semi-leptonic decay
. B(AJCr - pK'e+ve) = (0.88 + 0.17 + 0.07) X 1073 with 8.2¢

@ Evidences found for AT - A*etv,
- B(A} > A(1520)e™v,) = (1.02 £ 0.52 + 0.11) x 10~3 with 3.3¢
* B(Af - A(1405)[- pK~]e*v,) = (0.42 + 0.19 £+ 0.04) X 1073 with 3.2¢

Elusive nature,
Potential molecular state or pentaquark candidate

*  Comparison with quark models and LQCD

B(Af - A(1520)ety,)  B(Af — A(1405)e™v,)

Constituent quark model [8] 1.01 3.04
Molecular state [9] 0.02
Nonrelativistic quark model [10] 0.60 2.43
Lattice QCD [12,13] 0.512 +0.082

0.42+0.19+40.04

1.0240.52 £ 0.11 —

Measurement

Semi-leptonic decays of Af at BESIII



+ +r—pt 0. —,+
A DAt e v, & pKsme v,

@® Searchfor A} - A'etv,viaA* - At~ & pKom~
« B(A(1520) > Ann™) = (10+ 1%
- Higher A* excited states may decay to pK*(892)[- K2 ™]

@ Upper limits set @ 90% C.L.
« BAf > Antn~etv,) <3.9x107*
- B(A} - pKdn~etv,) <33 x107*
- B(Af - A(1520)etv,) < 4.3 x 1073
- B(AY - A(1600)e*v,) < 9.0 x 1073
* Limited sensitivity to examine theoretical calculations

The BFs for A} — A*etv, predicted by different theoretical models, in units of

10~4.
A* state CQM 8] NRQM [9] LFQM [10] LQCD [11]
A(1520) 10.00 5.94 — 5.12+0.82
A(1600) 4.00 1.26 (0.7+0.2) —_
A(1890) — 3.16 x 1072 — —_
A(1820) — 1.32 x 102 — —_

Yangu Li Semi-leptonic decays of A} at BESIII

Events / (20 MeV)

Events / (20 MeV)

PLB 843, 137933 (2023)

Af - Antn—ety,

6 __ —4- data
L D signal MC
i -A¢ bk
4 non g
0 L n n i L " " "
-0.2 -0.1 0 0.1 0.2
Umiss(GeV)
AY - pKdm~etv,
I ~4- data
3r ,
- |:| signal MC
3 non-A{ bkg
2+ A¢ bkg




Al - netv, NatComm 16, 681 (2025)

-03 02 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

@® Cabibbo-suppressed c — d transition must exist e L
NRQM Phys. Rev. D 40 (1989) 2955 .
%4 B(Af-»netv _ RQM Phys. Rev. D 56 (1997) 348 .
| Cdl NOZ - ( i— + e) ~0(10 1) HQET Phys. Rev. C 72 (2005) 035201 .
|VCS| B(AC _)Ae ve) CcCQM Phys. Rev. D 90 (2014) 114033 .
« Dozens of theoretical predications with zero experimental result RQM  Eur. Phys. ). C762016) 628 .
SUB3) Phys. Rev. D 93 (2016) 056008 —
QCDSR J. Phys. G 44 (2017) 075006 2]
SU@3) JHEP 11 (2017) 147 ——
LFQM Chin. Phys. C 42 (2018) 093101 .
@® Experimental study is very challenging SUG)  PhysLett B 792 2019) 214 —
. « . . . » MBM Phys. Rev. D. 101 (2020) 094017 .
« Co-existence of “missing particles” n & v, LFCQM  Phys. Rev. D 103 (2021) 054018
. SU@3) Phys. Lett. B 823 (2021) 136765 —
- Dominant background from A} — A(nn®)etv, HBM  PhosRev D 107 oms) o308 —
QCDSR  Phys. Rev. D 108 (2023) 074017 ——
- Need very powerful tool to identify n from % — yy on EMC LQCD  PoveRev D37 G0ty vaen ——
Exp? f)

PR R T S S PR S S [ TR S S NS S Y
-03 -02 -0.1 0 0.1 0.2 03 4 05 06
B(Ai— ne*v,) (%)

Distinction in n/A EMC patterns can
be noticed from eyes.

“
Deep learning may recognize such U

distinctions in a smart & flexible way.

Yangu Li Semi-leptonic decays of A} at BESIII



+ +
A; - nev,

@® Use Graph Neural Network (GNN) to identify between n/A EMC shower maps
* A task parallels jet tagging in LHC experiments but at a new energy scale
* Inspired from the successful graph-based architecture ParticleNet

L] S -
- :.-.-:‘ N
P X
r 50 5
P !
N
L i £
() T
-
“~ N
-
""
-

ams,

Yangu Li
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Lineal 1

BatchNorm

RelU |

Linear

BatchNorm
RelU |

!

Linear

BatchNorm

RelU |

Aggregation

PRD 101, 05601

EdgeConv Block
k=16, C = (64, 64, 64)

—

EdgeConv Block
k=16, C = (128, 128, 128)

—

EdgeConv Block
k=16,C= L256 256, 256)

Global Average Poaling

Fully Connected
256, ReLU, Dropout 0.1

Fully Connected
2

¥

Softmax

J
|
|
|

O e N e N e N

(2020)
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Al - netv, NatComm 16, 681 (2025)

@® The interpretability & robustness of neural networks is concerning in HEP experiments
» Establish a data-driven pipeline for GNN training, calibration, validation and uncertainty quantification
« Extensively utilize control samples from 10 billion J /Y events at BESIII

J/W data
training
3 3
Sample » x10 20 x10 -
20} (a) t Data: J/y - pr*n 2 (b) L (o) {  Data: J/y — T (na)E(pn°)
* : 50 - =
18 F t  Daw: J/y — pK*A 18 Weight factors for t  Data: J/y - E-(An)EF(Ar)
6k [ MC:J/y - prn RO {  Weight factors for A _wf [ MC: a1y - =t rt)E(pn°)
g14 F MC: J/y — pK*A . gl4t = [ MC: J/y — E-(An")EH(Ax*)
GNN model St = r Sloh —" s
; z " '“:u.%iéﬂull’:;h*“ iy =z
o s Taa i e ' 5
J ©] ] ; Sos h”;:m;,' HIL AL 5
. - - .- 6 F 0.6 F
’ ~ ] osk
¢ Y 4 ,
\ 2F 0.2
L ik /. i) I 1 ik L 1 1 Il L L Il 1 1 il i) i
' ]/llj MC ]/11’ data l 00 01 02 03 04 05 06 07 08 09 1 00 01 02 03 04 05 06 07 08 09 1 00 01 02 03 04 05 06 07 08 09 1
I eval Uation evaluation I GNN output for n/A classification GNN output for /A classification GNN output for n/A classification
| sample sample I
I I » _x10° 22 x103
. —i . = . S (7S (70
I I 20 ; (d) { Data: J/y — pr 7n_ 2 (C) . . , P (f) t  Data: J/y —>§ (ﬂ_ﬂ )Eﬁfpﬂ {
I . 18 F {  Data: J/y — pK-A 1.8 £ } Weight factors for 71 } Data: J/y — Z*(An*)E~(An7)
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AT — ne+ve NatComm 16, 681 (2025)
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@ First determination of |V ;4| from charmed baryon decays BA: = netve)(%)

* Take FFs from LQCD as input
* IVeal = 0208 £ 0.011exp, £ 0.007qcp + 0.011 ,
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A - XeTv, PRD 107, 052005 (2023)

@® Improved measurement of inclusive A} semi-leptonic decays A . Rl R e DA
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@® Use unfolding method to calibrate particle misidentification
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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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Ongoing physics analyses at BESIII

® A} - A" transition
Af - Sintety,

* A(1405) behaves differently in 2t and NK channels

« At > nKletv,
* |sospin-symmetric channel to pK~
 Similar challenge with ne*v,

A'(':’ — A(1405/1520)[—~ pK_]e"'ve

 Aim for a decisive observation

@® A} - N* transition
« A - pn~etv, (non-A component)
« B(A} - N*(1535)e™v,) predictions vary in 4.03 X 107°~6.4 x 1073
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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 — near-threshold pair production for X, E., Q.
* Replace inner MDC with CGEM detector

A — — — ==
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])(1033 Lo 2E=4.69 — §.98 GeV I :E?Rnewscan
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7 I W DTt i rystal Ba
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i, 8x10% ; ! &
'”.:P 4.0 ',' \ \‘
1
N VAN SIS IR T
2 6x10%} o 35 i N i\—'>+++ + H—
: AR T
= 4x10%f 3.0 RN e
d
2x 102} ; 25 W I
L ]
2..0 . 3.0 4.0 5.0 5.6 =0 4.0 as 5.0 55 6.0 6.5 70
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

Yangu Li
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Wishlist

@ Extraction of FFs for A\ — ne*v,
+ Require 4-momentum of neutron to calculate g2
* New deep learning methods are being explored
« Estimated signal yield under 15 fb~! dataset: ~750

arXiv: 2408.10599
“Vision calorimeter”
Analyze EMC hits with computer vision models

Positron (e*) Electron (e™)

1 1
! 1
1

. E =
1

. T
! 1
! °Gr !
1 e pred
1

¢n=2Eidi/XEi,0n=1,E0;/L,E;, ¢n = ®(BBox ctr), 6 = O(BBox ctr),
pa:N/A Pr = Ppred

S~ A/ Reconstruction

@ Decisive observation for A; - A(1405/1520)e*v,

With higher statistics and lower BKG, a partial wave
analysis can address both A* interference and FFs
New deep learning methods are being explored
Estimated signal yields under 15 fb~! dataset:
~500 for A(1405/1520) each
PRD 111, L051101 (2025)
Observation of A} — pm®
High-sensitivity A} tagging with Transformer model
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Summary

Yangu Li

A} semi-leptonic decays provide good opportunities to study charmed baryon dynamics and test SM.

BESIII made significant experimental contributions in recent years, including
« Most precise measurements of AL —» Altv,
« First observation of Cabibbo-suppressed A¥ — ne*v,
- Active searches for At - A*etv, via pK~,An*n~, pKdn~
* Closed gaps between inclusive & exclusive BFs

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

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

Thanl

Semi-leptonic decays of Af at BESIII

antion!
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