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Introduction

c

@ Charmed baryon spectroscopy s2,(dcc) 2 (e iy i
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* Singly charmed baryons AL, 2, E., Q. are well established,
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their excited spectra are being explored
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« Doubly charmed baryon £}F, £+, & Q. has been observed
* No triply charmed baryon has been observed to date
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@® The A} benchmark . "
A a
* Lightest charm baryon, can only decay weakly g N
* Essential inputs to charm & beauty physics ‘
c Ect(dec) et (uce)
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@ Naive picture Hdderg s/ i \F O

* A heavy quark (c¢) & an unexcited zero-spin diquark (ud)
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* In heavy-quark limit, the heavy-quark spin decouples from
the light degrees of freedom

. . . (3/2)* AL s + %
 Probe nonperturbative QCD and weak dynamics in a (ads) . e
baryonic environment complementary to D meson decays. " (dss) g (uss)
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Weak decays of A/

@® Theoretical challenge
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Charm quark lies in the transition region between perturbative & nonperturbative QCD.

Decay amplitudes contain both factorizable & nonfactorizable contributions.
W -exchange contribution can be sizable without color/helicity suppression

@® Frameworks developed to explain data and predict observables

Heavy-quark effective theory and factorization
* Various quark models, pole models, and current algebra

« SU(3) flavor symmetry, topological diagram, irreducible diagram

Parametrize & fit to data

Lattice QCD

From first principle
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BESIII experiment

@ Beijing Electron-Positron Collider 1l (BEPCII)

% ‘:‘“ Beljlng Electron Positron Colllder II(BEPCII) /
o P T BTN SR h TNE L TR 7

& Double storage rmg 240 m _' S

@® Beijing Spectrometer Il (BESIII)

(ﬂ Time Of Flight (TOF)

B 9 layers (barrel) + 8 layers (end-cap) - o = 90 ps (barrel)

B o, = 65 ps (end cap)

Superconducting solenoi
m10T

2021 energy upgrade to 2. 48 GeV

/
* 2004: started BEPCII upgrade, ; : Pe: 8
ayers

BESIII construction

2009-now: BESIII physics run
4 ° 1989-2004 (BEPC): Solenoid
§  Lpeax = 1.0x1037 cm™2 - s71 Bairel
* 2009-now (BEPCII):

Lpeak = 1.1x1033 cm™2 - 571

e S —
« [ Main Drift Chamber (MDC)
B gy, =130 pm
B AE/E =2.5% @ 1.0 GeV B AP/P = 0.5% @ 1.0 GeV
B g4, =0.6cm @ 1.0 GeV B 0yp/ax = 6—7%
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Data samples

@ Total BESIII dataset: about 50 fb™! @ /s = 1.8~4.95 GeV after 17 years of data taking

@® Dedicated for charmed baryon studies
¢ 2014: 587 pb! @ /s = 4.60 GeV

« 2020-2021: 39! @+/s = 4.61~4.70 GeV
« 2021-2022: 1.9 b~ @+/s = 4.74~4.95 GeV

+ Totally 6.5 fb~! data from 13 energy points, about 1 million A¥AZ events

PRL 131, 191901 (2023)
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CPC 46, 113003 (2022)

Sample

E s/ MeV

Lihabha/pb

4610
4620
4640
4660
4680
4700
4740
4750
4780
4840
4920
4950

4611.86+0.12+0.30
4628.00+0.06+0.32
4640.91+0.06+0.38
4661.24+0.06+0.29
4681.92+0.08+0.29
4698.82+0.10+0.36
4739.70+0.20+0.30
4750.05+0.12+0.29
4780.54+0.12+0.30
4843.07+0.20+0.31
4918.02+0.34+0.34
4950.93+0.36+0.38

103.65+0.05+0.55
521.53+0.11£2.76
551.65+0.12+2.92
529.43+0.12+2 .81
1667.39+0.21+£8.84
535.54+0.12+2.84
163.87+0.07+0.87
366.55+0.10£1.94
511.47£0.12+£2.71
525.16+0.12+2.78
207.82+0.08+1.10
159.28+0.07+0.84




Unique capabilities for charmed baryon studies (l)

@ Near-threshold pair production @ @
- ete” - y* - AT A7 without accompanying hadrons @ r 1

* Low backgrounds and well constrained kinematics

* AE = EAg' — Epeam <;|II ; \) e )
— W

* Mpc= \/Elgeam o |pA2'|2 / -

@® Double-tag method
 Reconstruct Af - signal, Az - hadronic tag modes simultaneously
* Enables:

» Absolute branching fraction measurement

* Suppression of hadronic BKG

1,J
* Inference of missing particles via recoiling B, = Zi,j_NDT — ND'_P _ Npt :
. : ¢ N | v Ny | i Nsr - €58’
* Cancellation systematics Zi,j N €pr Zi,j el "épT
« Combined tag efficiency ~ 15% . : L . N »
1,] _ ] A l] sig _ ST | (2] Nz,y,
« Only 12 out of 0(100) A} decays are used as tag modes Ngr = 2NA:Z\;BtagGST’ € ; ( el eDT) /%: ST
* Deep learning methods are being explored to improve the efficiency Ng’f = 2N1]'\Z[\C_Bfagﬂsigegjf, Nst =Y N¥

0,3
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Unique capabilities for charmed baryon studies (Il)

@® Neutral hadron (n, KY) detection
* BESIIl has no dedicated hadronic calorimeter
* Neutral hadrons can still deposit energy in EMC despite substantial leakage
» Recoil mass method works when all other particles in event are explicitly reconstructed
- Direct reconstruction of n & K} is challenging but feasible
* Deep learning methods are being explored

PRL 128, 142001 (2022) PRD 108, L031101 (2023) NatComm 16, 681 (2025)
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2 1 il f qq ~ o

S eof chgalltl . 2 : EN ]
b= L %o 1 11 12 13 A¥Abkg 8 2 - ] 40 y
g 40 C My (GeV/c?) > 00 7 ]
m Pr R : 0EE : fh
20 | 1001 E R PR £ ¥ v |
C 7] 3 F ]
e . 0 = o Elebbododdabbin ddade doatids Vodverididad
0 00 1 1.1 12 13 0 2 5 ggiﬂ Byt Hhytte 4;441 Hattd bty %
2 -JF ]
M. (GeV/e?) Eﬁ (GeV) 0O 01 02 03 04 05 06 07 08 09 1

GNN output for n/A classification




Yangu Li

Recent physics results

@® Semi-leptonic decays
» AL - netv,

D At o IirTety,

NatComm 16, 681 (2025)
PRD 113, 072014 (2026)

@® Two-body hadronic decays
» Af - pr®
© AL - py
c A ->Xtp &Ity
» A% transverse polarization

PRD 111, LO51101 (2025)
arXiv: 2602.11974
JHEP 11, 067 (2025)
arXiv: 2508.11400

@® Inclusive decays
c At oA+ X
« AT - KO+ X

arXiv: 2602.24089
JHEP 06, 194 (2025)

@® Multi-body hadronic decays
» 12 exclusive channels
» Af > Anty
» AL > nnty

JHEP 06, 269 (2026)
PRL 134, 021901 (2025)
arXiv: 2603.28232

© Af - AKdnt & AKQKT PRD 111, 012014 (2025)
© A} > ZOKInt & ZOKIKY JHEP 06, 009 (2026)
« A 520Kt n0&X0K*Trtn~  CPC 49, 073001 (2025)
© A} > AKJKT & EOKIm™ PRD 112, 032006 (2025)
« Af > pKYK- arXiv: 2603.08469

® Af excited states decays
®» A (2595/2625)* - Afn*m~ PRD 109, 112007 (2024)
®» A.(2595/2625)* — Afn’n® JHEP 08, 065 (2025)
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Al - netv, (l) NatComm 16, 681 (2025)

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

140 [ T T T T T T T T T ] 14‘0 [ T T T T T T T T T ] T T T T | T T T L | LI 1 T LENLEE BLE LI T T T 1 T T T T | T T T T

120 _ () { Data _ 120 (b) { ]?ata _ NRQM Phys. Rev. D 40 (1989) 2955 °
[ [ AL = netv. ] i 0 A7 - sev, ] RQM Phys. Rev. D 56 (1997) 348 °

~ 100 + + N 100 ~_ =~ . .
o f B AL - Aev. ] N B A~ Aew, ] HQET  Phys. Rev. C 72 (2005) 035201 .
= 80 | Bl Other A decays ] = 80 F Bl Other A; decays ]
- | ] = ] CcCQM Phys. Rev. D 90 (2014) 114033 °
g o0t £ 60 RQM Eur. Phys. J. C 76 (2016) 628 o
> r S
20l = 40 SU®3) Phys. Rev. D 93 (2016) 056008 —e—i
20 20 QCDSR . Phys. G 44 (2017) 075006 o
of 0 SU®3) JHEP 11 (2017) 147 —e—i
3f ] 3F LFQM Chin. Phys. C 42 (2018) 093101 °
= o Etbebbodebbotppddado b 1ot g dedecididad =
£ 3 :* EX lf}"lx LA 2.3 3 & 2 (2% ;X 11y Pl YT eeY Y f‘E & 3 E ! SU(3) PhyS LettB792(2019)214 ——i
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 |1 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@3) Phys. Lett. B 823 (2021) 136765 —e—i
H : : ope . . HBM Phys. Rev. D 107 (2023) 033008 —e—i
@ First observation of Cabibbo-suppressed ¢ — d transition in A} semi- ye. Rev. D 107 2023)
. QCDSR  Phys. Rev. D 108 (2023) 074017 —
leptonic decays
LQCD Phys. Rev. D 97 (2018) 034511 —e—i
* B =(0.357 £ 0.3345¢ar. + 0.0144y5: )% (> 100) BESUT oy | — .

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 extraction of |V ;| from charmed baryon decays BAT = nev,)(%)

* Use LQCD form factors as input
° IVCdl = 0208 i O'Ollexp. i 0'007LQCD i OOllTAg'

@ Provides a stringent test of theoretical predictions
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A - netv, () NatComm 16, 681 (2025)

@ A deep learning method separates signal from dominant A} - A(nn")e*ve background
» Use Graph Neural Network to distinguishes n/A energy deposition patterns in EMC
» Establish a data-driven pipeline for training, calibration, validation, and systematic uncertainty quantification

» Extensively utilize control samples from 10 billion J /3 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/y — E-(Ar)E (Ax)
RO [ MC: 7w - prn RE2: {  Weight factors for A a0l [ MC: g1y - *ant)E(pn°)
Q14 b [] MC:Jjy - pKA . Fl4t 8 [ MC: Iy - E-(Ar)E*(Ax)
S Cl2p yppht 0
ik E . '“m.'muﬂl it If B z
=} p ¥ =
& sl Fos 3* i AL 3'*'“ wh ' g ff
6H L 06 F -
4F 9 04 F 10F
2F i 02F
0 LAAAR: T I T 1 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 0O 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°)
18 F @ {  Data: J/y — pK-A 18 F © { Weight factors for 7 ! 0% ® {  Data: J/y — EX(AxHE(An)
16k [ MC:Jjy - pri RE3S b Weight factors for A Ty [ MC: gy - E@n)s (pa°)
14 [] MC:J/y - pkA Bl4 | g [ MC: Jjy — EX(ArH)E~ (A1)
. . ! g2, RN “mi*'hlt'hl* 30
Applicable to more BESIII studies R AU AN TR
08 £ @20 ¢
1 1 0.6
involving neutral hadrons, e
1 1 02 F
especially when recoil-mass - by . :
. . 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
CO n Stra I nS a re u n ava I |a b | e GNN Oulpul for n/A classlﬁumon GNN output for 72/A classification GNN output for 72/A classification

Yangu Li Charmed baryon decays at BESIII



A'(l:' N Y Tl; etv ’ PRD 113, 072014 (2026)

@ Evidence for the four-body semi-leptonic decay
* Assuming isospin symmetry, B(Af - Itntetv,) = (7.71%3 £ 1.3)x107* with 3.60

10 10 10
_. [tData (a) Al=zrmety, C +¥"t"‘ln (b) Ai=rtrety, C +¥”t“‘l i (€) Ai=z ey,
L [ —Total fi [ —Total fi -
*'& sk T.otal fit Tt prd 9 8 [ signal I nrt S‘ 8 ——Signal LI'—nm
S _Slgmfl ©  [--ITmety, @ [-Zmety,
Q | - Peaking background > - -- Peaking background p= I -- Peaking background
O 6 [ - Other background [—] 6 [ - Other background =] 6 [ -- Other background
v L - L - L
= S LE S I
Sdr S 4 3 4
~ L 1] L & L
g | s _f s
= 2F o 2 o 2
L > - > L
S l 4 <JR =Rf &
= E 1 ORT T . iT — E yrrees| E h E 1 FAAPEE S I
-0.2 -0.1 0 0.1 0.2 0.2 0 0.2 —0.2 0 0.2
2 2
M, (GeV/cH) U,iss(GeV) U ,iss(GeVY)

@® Signatures for A(1405/1520) in M(Xm) spectrum

* Future combined analysis of pK~ & X channels will provide stronger constraints

I () A>T metv, 2" — pn® I (b) A —>Z*netv,, X — nr I (©) Ai=Z e v, 2 > nn-

N 6—— —— Data < 6; —— Data N 6_— —+— Data

N [ ]Background N [ ]Background N (] Background
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2 af 2 4f 2 af

s [ s s [

N e I e I
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£ 2r g2 52

g I 2 2 |

<SE ™ S =R
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Al - pn'o () PRD 111, L051101 (2025)

-6 -4 -2 0 2 4 6 8
T.Uppaleral Ref. (0] | o e @ Earlier measurements were in tension
K. K. Sharma et al., Ref. [16] | . _4
S. L. Chen et al., Ref. [11] L ee oo o * Belle 2021: B < 0.8x10™* @ 90% C. L.
C.D. Lii et al., Ref. [17] i . _ )
C.Q.Gengeral, Ret. (18] | — - BESIII 2023: B = (1.56%8:23 + 0.20)x10~* with 3.70
H. Y. Cheng et al., Ref. [12] ioe
C. Q. Geng et al., Ref. [19] R — . . I
C. Q. Geng et al., Ref. [20] :l—0—| 50: e /l:bins = 45_2/31I I _+_ Data _:
J. Zou et al., Ref. [13] ° r — Fit: total 7 e e e ° . °
W1 Zhoosal Rt | 2 @ S @ A definitive observation is achieved recently
K. Hsiaocral, Rl (18] o N YT Fit: other AR, » Re-analysis data with new reconstruction method
Y. K. Hsiao et al., Ref. [15] ————— = 3= o TNl Fit: hadron BKG
Z.P. Xing et al., Ref. [21] L —— o I ] B(Af —>pn0) .
BESIII Collaboration, Ref. [35] ——— & % 20 . B(Af-pn) = 0.120 £ 0.0265tat. = 0'0075)’St- with 5.40
Belle Collaboration, Ref. [23] —u 5 L i
BESIII Collaboration, Ref. [22] —o— 10% —:
This work : —e—i b
| I S T i S IR r i [ ] + 1 °
—" - L L oo : Take world average of A = pn as input:
BAY - p7r0), (x10—4) 80:_X2/nbins=32.9/24 —- Data 3
” 5 —row B(A} 0) = (1.79 £ 0.39ar. £ 0.11yg; + 0.08,¢¢)x107%
~ T0F (b) S it A% op = ( c ”pTt - . - Y9 dstat. L Y-Ligyst. L V.UOref,
% 60 ;_ . Fit: other A:Kc _i
E U e Fit: hadron BKG - 3 * Consistent with earlier BESIII evidence,
I 40F = ..
; 3ok 3 yet exceeds the upper limit set by Belle.
= 2f E
0526 228 230 am aa

M, (GeV/c?)
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Al - pn'o (11) PRD 111, L051101 (2025)

@ A deep learning method efficiently suppresses non-A} hadronic backgrounds
 Exclusively constrain all possible Az decays in A¥AZ pair production
* Use Transformer-based DNN to classify signal & background decay topologies from all reconstructed particles in event
 Study Af - pn(yy) as reference channel to calibrate DNN-related bias

T~ "~ "1 "~ 1 T ] S0 T T T T T T T T T T T T T T T =
500 * + —+ Data . [ 2/nbins = 45.2/31 — Data ]
E- B Al—pr . C — Fit: total ]
g 00 M B Other AT decays ] 2 “%F @ EReAopt
% C Hadron BKG . % - ¥4N,, Fit: other I\:X; :
E 300 + ] E o TN - Fit: hadron BKG ]
S . & I ]
2 200 ﬁ\H - z 20 L4 2L .
g C *}+ ] 5 C ]
2 r + . 2 f ]
100 (a) o 10 % .
C + ] .
C v . ]
5 ~0—*_; -
300E ————————————— = 90 ————————— H
F —+ Data : 80 E 2 /mbins = 32.9/24 —+ Data E
C B A-pn ] E — Fit: total E
a 250 I Other AR, decays E &~ 70 ; FE Fit: AL =
b F e Ae : ) E (b) 2 Fit: A, —>pn E
% C Hadron BKG = > 60F Bl Fit: other A'A,
Z 200 . s OUF E
" '+ E E 50 B Fit: hadron BKG
< 150 - Q E E
Z C ] I 40F -
g ] N E The method can be extended
2 c - @ E E ..
a f : 2 ,E 3 to other background-limited
o (b) ] 20F =
50— — = E
. o 10E 3 A% measurements at BESIII.
E 44, E 3
c . ooy s 1+ - R RRsC Bo. 2 MR AT - e o hu
0 2.26 2.28 2.30 2.32 2.34 0 2.26 2.28 2.30 2.32 2.34
M. (GeVic?) My (GeVic?)
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A} transverse polarization (1) -

@ Production & decay formalism for ete™ - y* > Af AL
» Cross section parameterized by time-like electromagnetic form factors Gy & Gy,
* Their non-zero phase difference A® generates a transverse polarization

_\/ 1—00
V(@ =) (14 )

AP = arg(Gyr) — arg(GEg)

3v/1 — o?
P (cosfy) = SV L=

2(3 + Oé())

do
d cos 6

Gr
Gu

x 1+ o cos? 8y, |

sin @y cos 0y sin A®.

 This polarization can be transferred to A} subsequent decays
and analyzed through angular distributions of daughter baryons

M =iug(A — Bys)uy,, S~A, P~ kB.
o 2Re(SP) o 2Im(5°P) S - |PP
~ ISP+ [P’ SE+ (P2 TSP+ | P

Ol2+,32—|—’72:1.

p. _ (at Py, 2)A + B(Py, X 7) + v x (Py,x )
B — = .
].—l—aPAC'fL
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Al transverse polarization (ll) -

25 4 Thiswork 0.02
201 L, B + D
= 1.5{ — Then: Ca]: 2024) - — Fit . . .
5. - g o == Phase space @ Simultaneous angular analysis on five decay channels
0.5 6 —_
L e A e © pK nt, pKQ, Ant, 201t 2t 0
0.5 §
g o 5 @ First observation of A transverse polarization
00 + Negative non-zero A® up to 14.1¢
e 4600 4650 4700 4750 4800 4850 4900 4950 -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Vs (MeV) cos 6 °
' @® Updated measurements of decay asymmetries
Theo. and Exp. * a0 become consistent with other theories & experiments
Kérner (1992), CCQM ° ° ° ° PKg
Xu(1992), Pole ° ] e [ ]
Cheng, Tseng(1992), Pole °
Chong, Teenga1993)pole | |1 @ . . . @ Large S — P strong-phase differences
chcaykowsk? (1994), Pole (] ° [ )
Alskabha Data(1999, CA | '@ . . o * Indicate sizable final-state interactions and hadronic
Ivanov(1998), CCQM ) ° ° ° . .
Sharma(1999), CA . . . . rescattering in charmed-baryon decays
Geng(2019), SU(3) to— o —e— e
Zou(2020), CA ° ° ° °
o022, S0 - . o " @ New observables for CPV test
Liu(2023), Pole
Liu22023;, LP -0 : : :
Geng(2023), SU(3) —e—| ¢ [} ¢
Thong(2024) TRA e . ‘ . Parameter A} — pK3 AF — Art AF — X207t AF - 2tq0
Zhong(2024), TDA ) ¢ ¢ ¢
Zhong(2024), IRA ’ ’ ¢ ¢ (app) —0. 918+° 133 +0.031 —0.790 £ 0.032 £ 0.009 —0.502 4 0.080 =+ 0.009 —0.590 + 0.049 = 0.022
ARGUS (199 b (App) oo 0.637 £0.444 +£0.014  2.190 £ 0.730 £ 0.029  1.901 = 0.603 & 0.040
ARGUS(1992) P—-o—— BP
ceouss {* """ =\ ho— e (Bep) - 0.36570 072+ 0.010  0.7047 152 +0.015  0.76470557 +0.018
BESITI(2019) - ——| : ot e o (ysp) - 0.63710 305 £0.011  —0.50270503 £0.021  —0.26270-378 +£0.031
Bellec022) I I ‘ | ! 5y — 085 271402 1 0,02 21940491 0,02 2.23+0-19°3 03
LHCb(2024) boe : | | ! AZEP 0.07970703 £0.019  0.002 £0.047 £0.017  0.206170 158 £0.028  —0.086 £ 0.081 + 0.029
This work e W " o " tangcp - 0.232 +0.242 £0.025 0.393 = 0.651 =+ 0.042 —0.007 = 0.474 = 0.034
P 1 . ‘ ‘ tanAg - —0.475 +0.242 +0.029 —1.411 + 0.672 + 0.062 —1.297 + 0.478 + 0.068
-1 0 1 -15 -10 -05 -1 0 1 -1 0 1
ang Opr+ Oy07+ Oy + 70
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A} dominant hadronic decay BFs JHEP 06, 269 (2026)

@ Most precise measurements to date -
600[
* Cover 12 dominant hadronic decay channels ool A
. . . . 500 A )
* A global fit to constrain different decay modes simultaneously 200} fisoad |
« 2~3x of precision improvement et
— i w400
+ Also update ete™ - AT A7 Born cross sections and form factors S 300
é’ 200
= 100}
M‘ 4 1 1 1 1
Signal mode Global fit PDG E 400 *r
K} 1.696 & 0.033 £ 0.048 | 1.61 +0.07 § 300¢
pK—nt 6.61+ 0.11 £0.12 | 6.35+0.25 V/'s(MeV) o(pb) |Gert|(x1072) R 200
pK2m° 2.186 4+ 0.057 +0.048 | 1.99+0.12 4599.53 |213.1£394+1.9 |53.8+0.5+0.2 100
ngTr+7r_ 1.883 +0.040 +0.070 | 1.62+0.11 4611.86 211.54+6.0£2.0 | 49.54+0.7£0.2 400_' =
pK-mta® | 489 0.10 £0.11 | 4.520.28 4628.00 [207.6+£3.7+1.8 | 45.6£0.4%0.2 3001 e
Azt S| 1.31:£0.05 4640.91 [206.5+4.14+1.9 | 43.5+0.4+0.2 2000 :
+,.0
A”f . 0.67% 0.13 £0.10 | 7.100.34 466124 |206.2+£3.9+2.0 | 41.2+£0.4+0.2 100}
Artr=at | 4.09240.091£0.096 | 3.670.26
»0+ 1.449 +0.034 +0.025 | 1.29 +0.05 4681.92 192.0+£3.3+18 | 38.1+£0.4+0.2 0 2.26 2.28 2.3 2.32 0 2.26 2.28 2.3 2.32 0 2.26 2.28 2.3 2.3
tag
Sih0 374 0,044 0,032 | 1964010 4698.82 |172.0+3.5+2.2 | 35.0 + 0.4+ 0.2 M (GeVie?)
Strta- 4.58 4+ 0.10 £0.10 | 4.54+£0.20
prtn— 0.499 +0.016 £0.010 | 0.47 +0.02

Essential inputs to other flavor facilities.
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— Total fit
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__ | Total interference
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@® Precise measurement for absolute BF
- B(AY - Antn) = (1.94 + 0.07 + 0.11)%

@ First observation of A7 - Aay,(980)"

© B(AT - Aap(980)")xB(a(980)* - m¥n) = (1.05 + 0.164, +

0.055yst. + 0.07 ¢yt )% with 13.10

Larger than theoretical calculations by 1-2 orders of magnitude

@ Evidence of potential pentaquark state £(1380)"

- Statistical significance 6.1 (3.30) without (with) 7*n non-

resonant contribution

Events / (0.021 GeV/c?)

100f

50f

PRL 134, 021901 (2025)

Much interest goes to
intermediate light resonances;
Partial wave analysis is
implemented to extract them reliably.

f ! [ Total interference
l
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Process FF (%) S a
Aap(980)"  540+£84+26 1310  —091+0L8 +0.08
X(1385)"y  304+264+0.7 2256 -0.61+0.15+0.04
A(1670)z" 141+£28+12 1170 0.21 +0.27 +0.33
ANR+ 154+53 6.70 cee
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@ First observation of the three-body decay Mp b ]
+ + _ -3 s - 12 E Total nt™n ~
« B(A} - nwtn) = (2.94 £ 0.59%4s. £ 0.235y5. £ 0.13,0¢)x1072 with 9.50 O A ]
mi + + c 105 55 a,(980)" - E
@® Upper limiton A{ - nay(980) = oF — Total background E
o 8 .
« B(AY - nay(980)T)xB(ay(980)" - ntn) < 8.4x107* @ 90% C.L. z o =
S r T .
2 4F , -]
C ~ .
° o (g ] 2 C i | | —
@® A deep learning method suppresses hadronic backgrounds efficiently
L B v b by sy by
%7 o8 09 Lo LI 1z 13
M. (GeVic)
D | LI I I I I R I I __'+_‘DI""I"'I"'I"'I‘"I"'I"'_
F -+ Data - ata 4
180F (JA{-nmn } \ 50._%%*;1\1:1?1 } } -
F Al—>Anh o AT ]
g 1605_DA§—>):‘:1\:I]T1 T 4k /’g:g"‘n } 4 T T T T SR i ! T
E 1401 Aok 0 % . IA§—>Z'1Ttl*n*n" - Data - L —— Data ]
s o WA -Ax' b [ WA-An'n 3 - 18 -
& 120F ma-ree & 30F WA ST f J - Total fit ] E Total fit 3
S 100F gl Ae S pEAoTe R 1 ¢ Alsnmm . 16 £ Al>nrn 3
*E 80;— Other +AI background *E 20'_:22::21%«1;-1[ o g & A:—)AE+T] _: p’g‘ E 3 A:—)A1|:+T] =
E 60;_.Non-A‘ background 5 a 3‘; :)r:'if;, _y E Aoz ] N 145 Al—sT'nm E
405 10F [ NenA* backgrons A background — S 12f A background 3
20: L - Non-A, background n E oo Non-A, background ]
E il ! ; ka = 10 -
() 04 06 08 10 08 10 - > s k
M, (GeVic?) M, (GeVic?) ] ‘E C 3
s = S 6 =
= 7 = 4: 3
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: 1.4 8. 1.0
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@ Partial reconstruction of ete™ —» AT AL @ First BF measurements
 Treat one Af (A7) as missing particle * B(A.(2625)" - Atntn™) = (51.1 £ 5.8+ 3.5)%
* Recoil it using energy-momentum conservation « B(A.(2625)" - Atn®n%) = (41.0+ 5.2+ 3.3)%
* Improved efficiency, ensure model independency * B(A.(2595) » Afntn™) < 58.0% @ 90% C. L.

« B(A.(2595)" - Atn'7%) = (59.5+ 11.1 + 7.9)%
(a)

300 F {5=4.918 GeV @) 300154951 Gev ®)
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Essential inputs to calibrate ALT measurements.
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Prospect

@ BEPCII(-U) & BESIII have finished a major machine upgrade
 Triple the luminosity @ 4.7 GeV — more A{ data
* Extend the center-of-mass energy up to 5.6 GeV — near-threshold pair-production for ., E., (),
* Replace inner MDC with CGEM detector

A - — — =
AN X 2200
—— 3-loop pQCD
Ix 109 2E = 4.69 — $.98 GeV - KEDR aew scan
B el Integrated Ifiminosity 13.7 pb! 8 S
T 8x10% (HERCTLLY 3 17%€nergy pPimts
IV) X 96 | \ I' \\
of / Q‘ | \
E BEPCII ;e [¢] ‘“‘ 3xLggpcn EF | ,’I
26x10%F 74 “. L AN [ | L ! 1|¢ Lo rar
5 ’ [ ] " AN S e T | }
e i \
= 4x 102} .y 8
3 (S
= 7’ o o
2x10% ¢ °o» @
f’ ~
o' ‘
20 3.0 4.0 5.0 5.6 5.5 6.0 6.5 7.0
Vs (GeV
Ecm (GeV) s (Gev)

@® New charmed baryon datasets are being taken
-« Additional 9 fb~! data @ 4.68 GeV — triple current data statistics
- Energy scan around E.Z, threshold
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Summary

@ BESIII has collected dedicated data samples for charmed baryons around the pair production threshold.

@ Recent A} studies in 2024-2026 include:
* New and rare semi-leptonic decays
+ Cabibbo-suppressed two-body decays and first observation of Af transverse polarization
«  Multi-body hadronic decays and studies of intermediate light-hadron structures

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

@® The upgraded BEPCII(-U) & BESIII will provide more opportunities for charm baryon physics.

Thank ntion!
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