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Introduction

Most of the charmed baryons will eventually decay to A7, which is the lowest lying state of charmed baryon;

Important tagging for charmed baryons and Bottom baryons;
(a) Charmed baryons

B The characteristics of A} are still not very clear; B ?_Dlso) "
/\CA_':'(
1 ? gcfzoao) B
Singly charmed baryons A, X, E., Q. have been established; s
—0.6
Doubly charmed baryon Z} observed; o 122019
. @ Ta - 329 (270
Triply charmed baryon unobserved; ! 3
£ 2|
- "l - —0.4
5 32+ 7542645)
E 1/2+Y ’E'c —

B Provides crucial information of strong and weak interactions

in charm region, complementary to D(S)

u - Charmed .
g > Charmedmeson |, =  Strange ad baryon Spectrqscopy is well
(D*[cd)) c;;? baryons (A Judc]) : described by the
( Dd  (Aluds) quark-diquark model
my<<m, > m,, my << m_ > raaldZl. N = L.
C q:lark + heavy quark “ My Mg = .ms i diquadrk + quark - U“
(@) @ S (gqq) uniform C toa) Q) : . = Q.
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Beijing Electron Position Collider (BEPCII)

Ky
’,'/

;f’

2021 energy upgrade to 2 48 GeV

" 2004: started BEPCII upgrade,

S NS BESIII construction
/,,g\ \ 2008: test run

2009 -now: BESIII physics run

1989-2004 (BEPC):

Lpeax = 1.0x103' cm™2 - s71

2009-now (BEPCII):

Lpeak = 1.1x1033 cm™% - s71
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BESIII detector

[Superconducting solenoicﬂ

[Time Of Flight (TOF)J

m10T W 9 layers (barrel) + 8 layers (end-cap)| ™ ¢ = 90 ps (barrel)
\ I B o; = 65 ps (end cap)
RP /8
RPC: 9 : :
layers el ay;ers
SC , :
Solenoid e e
Barrel
ToF
Endcap
ToF
sC
Quadrupole
ot »AM———= = || B-SET .
/ « [ Main Drift Chamber (MDC)
m g, =130 um
B AE/E = 2.5% @ 1.0 GeV B AP/P = 0.5% @ 1.0 GeV
B oy, =0.6cm@ 1.0 GeV B 04p/ax =6—7%
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Data Samples

B Overall: about 50 fb~1@ /s = 1.85~4.95 GeV after 15 years of data taking

The largest datasetof A} A,
pairs in the world.

B Data for charmed baryon studies:
« 0.567 fb~! @ +/s =4.60 GeV in 2014

* 3.9fb™1/s =4.61~4.70 GeV scan data in 2020-2021 CPC 46, 113003 (2022)

Sample Ecms MeV ‘JZBha.bhaa./l:’l{1

1.9 fb 1 /s =4.74~4.95 GeV scan data in 2021-2022

4610

4611.86+0.12+0.30

103.65+0.05+0.55

_ ) o 4620 4628.00+0.06:0.32 521.53+0.1142.76
« Totally ~6.4 fb~! data from 13 energy points, ~1million events
4640 4640.91+0.060.38 551.65+0.12+2.92
4660 4661 24+0.060.29 529.430.12+2 81
PRL 131, 191901 (2023)
—— 4680 4681.92+0.08+0.29 1667.39+0.21+8 84
= +a +A-
- i T e 4700 4698.8240.1040.36 535.5440.1242.84
| 4 BESIII 2023
400 & BESIII 2018 4740 4739.70+£0.20+£0.30 163.87+0.07+0.87
L - Belle 4750 4750.05+0.12+0.29 366.55+0.10+1.94
= 2 I 1 Tt Threshold
= S 4780 4780.54+0.12+0.30 511.47+0.12+2.71
b i } 4840 4843.07+0.20+0.31 525.16+0.12+2.78
200~ 1 ML
L . 4920 4918.02:£0.34:0.34 207.82+0.08+1.10
- '+ ’ +<% + + 4950 4950.93+0.3620.38 159.28+0.07£0.84
| L 1 ! ' | ! L ! ! | ! L ! 1 | ! L !
.6 4.7 4.8 49

...4
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The A Semi-leptonic decays

A > netv,; AT » XeTv; A, > n+ X
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+ +
AC —ne v, Nat. Comm. 16, 681 (2025)

» A! CS(Cabibbo-suppressed)) transition c—d [*v beta decay never been observed;
» Significant challenges: two missing particles, neutron and neutrino;

> Dominant background: Af - Aetv, (A - nrt?);

6—|-
Ve
W+
¢ = > d
A;'W u = urn
d > d

» A novel deep learning method of graph neural network(GNN) = distinguish the energy

deposition patterns of neutrons from those of A in the Electromagnetic Calorimeter(EMC) of

BESIII detector;
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Nat. Comm. 16, 681 (2025)
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B Other A} decays _

N(netv,) = 134 +13 -

'}ﬁ}; F;.h.%i+£*.§.§.‘.H.;.{;.‘.;.‘.L.g.{.'.{.h.}.}.}.}.;.}.;.'}i‘}T.;;.i.i.;.*.;.é

01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification
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100

Events / (0.02)
[ T - N
S & & &

Pull
Lo w o

(b) - /_\; — fe" v, _

{ Data

U0 A= Ae, ]
B Other A] decays ]

N(ne™v,) =131 +12 1

%.}T.}.i,.;#.ﬁ.;{.?;;.{.;.{'4.{{:}};-}.;4.;.;...{H{.}.;.;.{.'.;.{:IJ.H.{.*.i.}.;{i

:

0

0.1

02 03 04 05 06 07 08 09 1
GNN output for 7i/A classification

Statistical significance of A¥ - ne*v, > 100!

B First observation of Cabibbo-suppressed in semi-leptonic decays!
BR(A; - ne*v,) = (0.357 + 0.034,; + 0.014y5 )%

M First determination of |V.q| from charmed baryon decays!!

[Veal = 0.208 £ 0.011 ¢y, + 0.007 qcp + 0.001
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A > XeTv,

Phys. Rev. D 107, 052005 (2023)

B BR(A; - Xe*v,) = (4.06 + 0.104,, + 0.09 )%
B Ratio of the inclusive semi-leptonic decay width for
the A} and D:
i) —11.28 +0.05
Greatly improved accuracy !!!
B Use unfolding method to calibrate particle misidentification:
Ne® 1 [Pese Proe Proe Ppoe] [NE]
NG Poow Prow Pxox Py | | N7
Ns N Pk P,k Pxox P,k | |NE©
—Nfz)?bs— LPeep Prop Pr—p Ppopd —Ntzgue—

Constraint on unobserved A} semi-leptonic decays :

Events/(0.05 GeV/c)

Events/(0.05 GeV/c)

RS: Right-sign ~ WS: Wrong-sign

1

-$- RS e yields
- WS e yields
400~ +_¢_++‘}"
‘e
ot .
200=
s
++-+- e
L '-.-.I '-().
02 03 04 05 06 07 08 09
p (GeV/c)
—4- RS K yields
1000} W - WS K yields
5 <
atancs
-G =
500} K "o
e 8 G
| g e o 2o STURNIN
-
0 1 1 1 1 1 1 =0
02 03 04 05 06 07 08 09 1
p (GeV/c)
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4000
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2000
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* Combine inclusive & exclusive measurements, assume all uncertainties are uncorrelated:

BR(A; > Xe' V) xianpre = (0.55 £ 1.53, + 1. 155, ) X 1073

The majority of experimental gap has been filled.
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-4~ RS 7 yields
-~ WS 7 yields

OO

2 03 04 05 06 07 08 09 1
p (GeV/c)

Ol —-$- RS proton yields

—$- WS proton yields
O L y

() ettt Ot bt gl gl glg.nlpp)
02 03 04 05 06 07 08 09 1

p (GeV/c)
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AC - n + X Phys. Rev. D 108, L031101 (2023)

B Measurement of inclusive neutron decays TR
* pointing out the search direction of unknown channels \GY
« provide direct information about whether there exists a significant + _
difference between A — pX and A} - nX N 7 )
B Methods: 4\@
* Use energy deposition on EMC as observable B S S I _
* Only study anti-neutron which can annihilate with material 5005— ;Dxatinx —
* Use data-driven method to model n behavior in the detector % 400 el :
g 3005_ R (A) 3
B Results: E 200f
100 :
BR (K; >n+X ) = (32.4 + 0. 755 + 1. 5455 )% precision up to 5% 00 P 2

E_(GeV)

« About 25% of A} decays with a neutron are still unobserved _ _ o _
n deposited energy distribution is consistent

between data and MC after using data-

 Indicate an asymmetry between Af —» pX and A} — nX
driven method
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The A hadronic decays
Af - pn; AY - 20K AY - At R A > AT,

A - pKY; Af - pK? P and A} - pK)n°
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A+ RN pT[O Phys. Rev. D 109, L091101 (2024)

C Phys. Rev. D 111, L051101 (2025)

-6 -4 2 0 2 4 6 8 ) ) i . .
T. Uppal et al., Ref. [10] ' iy St B Previous experlmental constraints ShOW lnCOHSIStenCy:
K. K. Sharma ef al, Ref. [16] | . . ] + 0 —4 0
st omeareon | ol .. » BESIII 2017 with ST: B(A¢ - pn®) < 2.7 X 107*@90% C.L.
C. D. Lii et al., Ref. [17) i . . . + 0 —4 0
i -
s / Belle 2021: B(A} - pm®) < 0.8 x 10™* @90% C.L.
Y Chgaab BRI » BESIII 2024 with DT: B(A} - pn®) = (1.56%373 + 0.20) x 10™* with 3.7¢
. Q. Geng et al., Ref. [19] b —e— .
C.Q Gengeral, REL 120 o » BESIII 2025 with ST: B(AF - pn®) = (1.79+0.39+0.11+0.08) x 10~*
J. Zou et al., Ref. [13] .
H.J.Zhaostal, ReL. (14 ——9 o T T T Tl o Lis[ +om
Y. K. Hsiao et al., Ref. [15] —iy i B o : S0 (a —- Signal >0 (b) —- Signal
: ~ 400 + — - L - Inclusive hadronic L Inclusive hadronic
Y. K. Hsiao et al.,Ref. [15] " . % a + + B Other AJA; decays E E b:ﬂcgmund 210 I b:ikground
H - - Hadron BKG - o == A/A, background o L == A7A.background
Z. P. Xing ef al., Ref. [21] g —_— = 000 + E = 5[ =
BESIII Collaboration (2017) ————— / %200; ; g | l 3 i 4} g3t + l 4
Belle Collaboration (2021) —" :F +++++ . A 0 FIEL N [1L]1] i 0_ [T ll LLLLLLL
BESIII Collaboration (2024) ' 100 (a) + 22 225 23 235 24 22 225 23 235 24
BESIII Collaboration (2025) | === e M (GeV/e?) Mg (GeV/e?)
...|...|.........|...-300:_' L I—+—ll):| T
-6 -4 -2 +0 2 . 4 6 2505_ [ pra— E cg [ ~+ Data f§40 o -+ Data
B(Ac - lm-o)’ {XIO ) g E bt % i (C) _'ISI::'::“ hadronic % E (d) _-Isnizll:lasllvehadronlc
Z 200f Hadron BKG 3 220j """ background s 4 background
E L B o + == AfA, background (=) F - AYA. background
< 150f = = Sool
z f ] Z10f =
g 1008 E 5t Z10}
= ob  (b) ¥ £ i 0 bbbt B Loaat I
F . . . ey 22 . . 22 225 23 235 24
0326 228 230 232 234 M (GeVic?) ML (GeVic?)
M. (GeVich)
BESIII 2025 with ST:| high efficiency, high background BESIII 2024 with DT: low efficiency, low background
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Af - pn®

Phys. Rev. D 111, L051101 (2025)

B A novel deep learning method is developed to suppress non- A hadronic backgrounds efficiently .

* Use Transformer-based deep neural network (DNN) to classify signal and background decay topologies.

« Al - pn as reference channel.

B Results:
« B(A} - pn) =
(1.79+0.39+0.11+0.08) x 10~*
consistent with previous BESIII evidence,
yet exceeds the upper limit set by Belle

B(Af-pn?)

= 0.120 £ 0.026 + 0.007 with 5.40

B(Af-pn)

Events / (2.5 MeV/c?)

Events / (2.5 MeV/c?)

WIN 2025

B Aopn
- Other AJA; decays
Hadron BKG

=
S
=

e
=3
=l

200

100 (a) —

3005

I Al-pn ]
- Other AJA; decays 7
Hadron BKG

250

200

150

2.26 2.28 2.30 2.32 2.34
M. (GeVic)

Events / (2.5 MeV/c?)

Events / (2.5 MeV/c?)

— T
%% /nbins = 45.2/31

%2 /mbins = 32.9/24

T T
+Data

— Fit: total
4 Fit Alspn?
-===- Fit: other A:K:

14

-==* Fit: hadron BKG ]




A-(I,.- —> E OK+ Phys. Rev. Lett. 132, 031801(2024)

B Pure W-exchange process PZ ' §W'+ Z .
» Only receives non-factorizable contribution A ] ] o
5
e Large contribution in charmed baryon decays L > u}K '
e Long-standing puzzle on how large the S-wave amplitude [u g Y L Fig. (1)
AH & > > 5 (=
B Based on multidimensional angular fit using helicity basis §W+ Cf_g}K+
g > > U
Lee-Yang parameters 4D

—— Fit
BKG
&% Misreconstructed

[PRD 108, 1645 (1957)] At > E°K*:

a’+p*+y =1 ]

_ zmecsr) Fig. (3)
B = msinA %
y =+ 1— a?cosA i

=0 rest frame A rest frame Polar angle Azimuth angle
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A-(I; —> E OK+ Phys. Rev. Lett. 132, 031801(2024)

€ Decay asymmetry results:

_ [ __ PhysicalBoundary =~
azog+ = 0.01 £0.16 £ 0.03 1 —v—___*‘_f}‘ 2
* Agop+ =3.84+40.90 + 0.17 rad B gl Cawr ol
| 3 Xu(1992), Pol
* fzog+ = —0.641£0.6910.13 0.57 Z:ncaykows(l)(ie(1994),Pole
% - v Ivanov(1998), CCQM
i VEOK+ - _0.77i0.58i0.11 cfl :
3 0— m O e Vv ia 20
_ E @) Sharma(1999), CA
& Phase difference between S and P-waves Q.50  Geng(2019), SUG)
**1. A Zou(2020), CA
* Solutionl: 8, — 85 =—1.55 + 0.25 + 0.05 rad A
L [ 1 L L l 1 1 1 I

|
d—a

2 4 6 8
Branching Fraction(x10~)

* Solution2: 6, — 65 =1.594+0.25%0.05 rad

@ Discussions
* azop+ in good agreement with zero, providing strong identification for theoretical predictions

* cos(8, — 0g) close to zero, which is not considered in previous study

 Fill the long-standing puzzle on how to model azox+, and B(AJCr - 2%k +) simultaneously

Phys. Rev. Lett. 132, 031801 (2024).
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AC —> ATl' 0 JHEP 12, 033 (2022)

» First Partial Wave Analysis(PWA) for charm _ N
NQ | ,_S:E |
baryon at BESIII: > 400 % 400
Use TF-PWA, based on helicity amplitude. 9 o
o <
. + + O. | . L
» BFs & decay asymmetries of A7 = Ap(770) = .‘ S Loo
' (+/0) 7 (0/+) s g
and A; — X(1385) 1/ £t 5
] >
» No theoretical prediction can well describe the 0 = 0 !
_ et b S 4 1e 1 Y
BF and decay asymmetry simultaneously. 12 1.6 1.8 2.2 0 F
M, .. (GeV/c?)
Theoretical calculation This work PDG <1000 :Eg:(t:?(ground
= — Total fi
102 x B(A} — Ap(7T70)%) | 4.814+0.58 [13] 4.0 [14, 15] 4.06 £ 0.52 <6 > ‘—Apt(770t)+0
O - — NR,(m*1%)A
103 x B(AF — £(1385)"7%) | 2.8+0.4[16] 22+04[17] | 5.86=+0.80 — O R
103 x B(A} — 2(1385)%7%) | 2.8+04[16] 22+04[17 | 6.4740.96 — S soogﬁ’;ﬁ;ggiS
O p(770)+ —0.27 +£0.04 [13] —0.32 [14, 15] | —0.763 +0.070 | — % [ mEaen,
= _
(3 (1385)+ 70 —0.9179-15 [17] —0.91740.089 | — a _
(U33(1385)07+ ~0.91%5:35 [17] —0.M=+011 | — 04 06 08 1 12

M., . (GeV/c?)
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Al - Ant'n

Phys. Rev. Lett. 134, 021901 (2025)

non resonant contribution

B Firstobservation of AY — Aay(980)",a,(980)" —» ' n
 B(Af - Aay(980)%) x B(a((980) ™ n)

= (1.05+0.16¢a¢, £ 0.055y5.20.07¢x )% with 13.10
B Evidence of potential pentaquark state X(1380)* - An™
« Statistical significance 6.10 (3.30) without (with) ¥ 7

Process FF (%) S
Aao(980)" 54084226 1310 [T00TIE £0.08 | -
¥(1385)"np  304+26+07 2256 |-0.61+0.15+0.04 [ |
/&(1670)11'+ 141+£28+1.2 11.7¢ 0.21 £0.27 £0.33
ANR(+ 154 +£5.3 6.70 ce
- 200_ . —+ sWeighted data .
< < 200 om0y S
o [ (1) - — ANR,(x*m) 0
.,o., 100 g — Z(1385)" nn 9 L
ol - o L — A(1670 o r
% [ g 1007 -T(()tal 1n)t::,rference g 50_
£ of g | L it g
> [ > r >
3] m 0 m
07 08 09 1 LI 13 1.4' 15 16 17
M., (GeVic?) M, . (GeV/c?)

WIN 2025

Events / ((\20 GeV/c?)
S
» T T T T o T T T T T T

100F |

—4 sWeighted data
— Total fit
— Aay(980)*

— %(1385)"
— A(1670)r

[ Total interference

Events / (0.020 GeV/c?)

15
M, . (GeV/c?)

Triangle re-scattering [2]

M,, (GeV/c?)

6

a(A} - X£(1385)%n) consistent with —0.971043

200

100}

—— sWeighted data
— Total fit

— Aa,(980)*

- ANR (11: n)

> 1380

— A(1670)n*
[ Total interference
+
' ..."‘1
e e

14

1.5
M, . (GeVic?)

1.6

in SU(3) [1]

a(A} - Aay(980)*) contradicts with the small value(~0) in

[1] SU(3) effective Hamiltonian: Phys.
Rev.D.99 (2019) 114022

[2] Triangle re-scattering: ]. Phys. G.
36.075005 (2009)




Al - ng; Al - ng 't and AY - ngT[O JHEP 09 (2024) 007

B K¢-K; asymmetry offer possibility to DCS(doubly Cabibbo-suppressed) decays:
* Non-zero asymmetry value indicates existence of DCS decays;
» Arises from interference of CF(Cabibbo-favored) and DCS, provide new way to indirect search for DCS;

 The ratio of amplitudes for CF and DCS is expected to Af > pK? Af - pKO rme

i * * &, F T
be proportional to |V,;4 Ves/ViisVea | Tl o Sml — o
8300 Z_x’fnduf=0-72 EI::;E]“: :kkg :;an 6 E F¥ndof = 0.76 Siglll:l -
— C < peakin z =300 - peal 1?1gm:: U
+ O _ B(AZ' - KS(‘)X) —_— B (Ag' - Kl(l)X) % : ------- combinatorial bkg % -+ combinal I bkg
R(AC'KS,LX) — n 0 + 0 s200j 5200
B(A} - K2X) + B(A} - KPX) . !
. — 100 100 F
(X isp, pr¥n” or pr®) T AN : -
X I Y S— .1 R
2 2 c 2 2 ot
Mode BN, — KVX) (%) | BIAF — K3X) (%) [22] | R(AS, K9 ¢X) Vs (GEV'/€7) i, (GeVHE)
Af — pKY 4 1.67£0.06 £ 0.04 1.59+0.07 —0.025 +0.031 Saof © ~ Fitreu
' E) F 2 2ndof = 0. ----- Signal
A = pKY gntam | 1.69+0.10+0.05 1.60 +0.11 ~0.027+0.048 Af - pKin® 2 P e eing bl
Af — pK} on° 2.024+0.13+0.05 1.96 £0.12 —0.015 +£0.046 S
100 |
B No obvious asymmetry is observed in any of the three decays " ool
B R(AY K X)in A} - pKQ, is compatible with SU(3) prediction of (-0.010,0.087) O b T

MZ,. (GeV¥cd)
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Summary

B The world’s largest threshold data make BESIII dominant A} measurements.
B Fruitful results have been published during recently 2022~2025
* Semi-leptonic decays
* Hadronic decays
* Excited charmed baryons
W Utilizing advanced deep learning methods, we conducted precise measurements of A} —
ne*v, and A} — pmn? for the first time and obtained critical experimental results, which
provide opportunity to many analyses of BESIIL.
B Prospect:
* 9 fb~! more A} data @ 4.68 GeV has been planned in 2025-2026

 above 5 GeV data will startin 2028 Thanks for your attention!
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BACK UP
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A7 - Xetv,

Momentum range: 500-550 MeV/c o RS PID-coreyitd
Data collected at 4682 MeV NObs P B B PN - + Skl
= = = 400k — - corr yiel
S technique is used i\ NZ= | Pt Pos P P [ NG 8 ”H:ﬁ: % %,#,
o - q -

0 subtract charge 3 ; Ng Pook Pook Pxox Ppox | |N©e g i +,

symmetric backgrounds |* & WS Avobs p P p p e £ 200l

8 o >

in each momentum bin, |5 g P e>p "aop TKop Tpop P & - +

0 +,— E H . . . s 5
eg., Tt —ye ¢ . PID migration matrix e
1 02 03 04 05 06 07 08 09 1

o »» wm2n  Contamination of other particle types (p, z*, K™) p (GeV/e)

My (GeVied)

peeeial Je RSB e PID unfolding | — WS subtraction
In different momentum bin - :

B(A} - Xety,) = (4.06 £ 0.10,, £ 0.09,,)%.

[(A - Xetw,)
= = 1.28 £ 0.05
I'(D - Xe'v,)

Compared with HQE(1.2), EQM(1.67) BF determination <:l PHSP Extrapolation <_j Tracking efficiency unfolding

600 ) .. rod / .
Decay i Mol NEe(i) = DA (eli, INE())
Al = Aety, 356 4+0.11 +£0.07 References [6] S 400l j
Af - pK-(nK%)ety, 0.088+£0.017+0.007  PHSP [7] g ‘
AF - A(1405)ety, 024 HQET [27,28] gl + Geometrical acce.ptancg ‘
A = A(1520)e s, 0.06 HQET [27,28] = » Track reconstruction efficiency
A} > ne*y, 0.20 Quark model [29] S * Resolution smearing
0 01 02 03 04 05 06 07 08 09 1
Based on our knowledge of MC model P (GeVic)
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ST and DT

» Single-Tag method (ST)
v" High efficiency vs High background
» Double-Tag method (DT)
v" Low background vs low efficiency
v Absolute BFs
v Missing particles
» Deep learning method
v Powerful vs validation

v' Event level topology

v" Two missing particles
v
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