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The charmed baryon family

* Singly charmed baryons
o Hstablished ground states:
AL Z, B, Q0
o Excited states are being explored
* Doubly charmed baryons( Ef") observed in
recent year.

* No observations of triply charmed baryons.

v AY decay only weakly, many experimental
progress since 2014.

V2 BE: = Afn)~100%, BE. = Afy)?

v E¢ : decay only weakly; absolute BF measured
with poor precision

\/chdecay only weakly; no absolute BF

measured.
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Weak decay picture in theory

® Contrary to charmed meson, W-exchange contribution is important.(No color suppress
and helicity suppress)

a

W .

v

(T) (®) ()
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable

: N/
4
(E) (B) (P)
W-exchange Bow tie penguin
non-factorizable non-factorizable neglected

® Phenomenology aim at explain data and predict important observables.
* Calculate what they can(HQET, factorization)+parametrize what they cannot + some
non-perturbations extracted from data=> explain and predict.
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New data samples in 2020 and 2021

Two major changes in BEPCII machine:

e max beam energy: 2.30=2.35(2020)=> 2.48 GeV(2021)
* top-up injection: data taking efficiency increased by 20~30%
AN, 5.5, Belle datafor AR, CPC46.113003(2022)
0.6 - PRL 101, 172001 (2008) Siugle Eom MV Zanapna/pb
- 4610 4611.86+0.12+0.30 103.65+0.05+0.55
: 4620 4628.00+0.06+0.32 521.53+£0.11£2.76
= 04 c 4640 4640.91+£0.06+0.38 551.65+0.12+2.92
% : 4660 4661.24+0.06+0.29 529.43+0.1242.81
— 4680 4681.92+0.08+0.29 1667.39+0.21+8.84
0.2 __ + +++ 4700 4698.82+0.10+£0.36 535.54+0.12+2.84
_ + H:H, + +H,+ ++ 4740 4739.70+0.20+0.30 163.8740.070.87
0 :_ _____________________ A AL __________*_____i__ 4750 4750.05+£0.12+0.29 366.554+0.10+£1.94
P ;1'6' '1"7' ' 'l"s' = ;"é' : 'é' = i“l' = ';'2" ' ;’,'% -y 4780 4780.54£0.1240.30 511.47£0.1242.71
- ’ ’ ) JE > 4840 4843.07£0.20£0.31 525.16+0.12+2.78
M(Ac Ao GeVic 4920 4918.02+0.34+0.34 207.82+0.08+1.10
4950 4950.93+0.36+0.38 159.284+0.07+0.84
Available data for charmed baryons
v' 0.587 fb-1 at 4.6 GeV (35 days in 2014)
v 3.9 fb1scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)
v' 1.93 fb-l scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)
o 8x A, data that those at 4.6GeV.
e accessible to X./EZ./A¢ prod. & decays
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AL BF studies

P.-R. L1, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)

T = = s = "
£oiMode BF(x107%) Experiment £ Aede BE(x10° %) Experiment Table 2.  Measurements of the BFs for the CF decays of the A} (in units of %).
23.745.1(37%)T  ARGUS(1991)[24] | Al —pK~etv. 0.88+0.18(20%)  BESIII(2022)[29] e
AF 5 Aetre 26.845.1(19%)7  CELO(1994)25] | A — A(1405)etve, 0.4240.19(45%)  BESIII(2022)[29] Mode BF Experiment | Mode BF Experiment
36.3+4.3(12%) BESIII(2015)[30] | A(1405)—pK~ Nuclson-mvalved
35.6+1.3(3.6%)  BESII(2022)[31] | A — A(1520)eTve 1.0+0.5(50%)  BESIII(2022)[29] Af —5pK 152£0.00  BESII(2016)(80] | G 1.82+0.25  BESIII(2017)[90]
A o At 34.945.3(15%) BESIII(2017)[32] | A —pK3n~etv, <0.33 BESIII(2023)[33] AF 5 pK? 1.67+0.07  BESIII(2024)(89] Adi3nion 1.86+0.09  BESII(2024)[91]
34.841.7(4.9%)  BESIIN(2023)[34] | AT = Antn~etve <0.39 BESIII(2023)[33] AL - pKg(700)° - pK 7t 0.19+0.06  LHCb(2023)[86] | Ad 5 nK3ntn° 0.85+0.13  BESIII(2024)[92]
Af Setx 39.5+3.5(8.9%)  BESIII(2018)[35] | Ad —netve 3.57+0.37 (10%) BESIII(2025)[36] AL - pK;(892)° - pK~mt 1.3840.08  LHCb(2023)(86] | AY »nK-mtat 1.90+0.12  BESIII(2023)[129]
40.6+1.3(3.2%) BESIII(2023)[37] AY —pK((1430)° —» pK 7t 0.92+0.18 LHCb(2023)(86] A - K20 1.874+0.14 BESIII(2016)[80]
=, Modo BR(x10-%) Experiment =, Mode BR(x10-9) Exporiment A:t —A(1232)* K~ s prt K- 1.78+0.05  LHCb(2023)[86] + : ; 2.12:40.11  Belle(I1)(2025)[144]
B7L7T(56%)T  ARGUS(1993)26] | 20 =y, 10.122.11%)" Belle(2021)[38] Ad 5 A(1600)F K~ s prt K~ 0.28+0.10  LHCb(2023)(86] | AL —pKor 2.02:£0.14  BESIII(2024)(89)
44.3%19°0(40%)"  CLEO(1995)[27) =t ':Oe'*'v“ 67+39(58%)"  CLEO(1995)[27 S+ ECWO S ppri e WRT006 ROV | oofesmnilh gudone SeillEaiel
205 E-etve So1n.8) T8 e ? (27) ¢ & 0.44+0.03  Belle(2023)(146]
19.745.3(27%)"  ALICE(2021)(39] A} 5 pKYnta- 1.534+0.14  BESIII(2016)[80]
10.4+2.1(20%)1 Belle(2021)[38] A 5 pKQnta— 1.69+0.11  BESIII(2024)[89]
Q9 Mode Ratio Experiment Q2 Mode Ratio Experiment AF o pK-nt 6.8470:32 Belle(2014)(81]
0 o0t 2.4+1.1(47%) CLEO(2002)[28] | Q9 —Q0utw, 1.9440.21(11%)  Belle(2022)[40] 5.84+0.35  BESII(2016)(80]
S etve: oo - 153038  BESIII(2016)(80]
4 .15(7.7%) Belle(2022)[40] Af 5 pK-nta®
4424021  Belle(2017)[147)
A-involved
Table 3. The determined BFs for the CS decays of the A} (in units of 10*). Upper limits are set at 90% AF o At 1.24+0.08  BESII(2016)(80] | AL — Ax*x® 7.01+£0.42  BESII(2016)(80]
confidence level. 1.31+0.09  BESIII(2023)[126] 1.84+0.26  BESIII(2019)[94]
AL = Ap(T70)*+ 4.06+£0.52  BESIII(2022)[93] | Al —Anty 1.84:+0.13 Belle(2021)[95)
Mode BF Experiment | Mode BF Fxperiment Ad = Aag(980)* 1.23+0.21  BESIII(2025)[94] 1.94+0.13  BESIII(2025)[148)
Nucleomimalved AF = A(1405)7t - pK -7+ 0.48+0.19  LHCb(2023)(86] | A} — Anta—at 3.81+£0.30  BESIII(2016)[80]
A onet 0662013 BESII2022)126] | AY k' 2® 071 BESII(2024)[107] Ad = A(1520)7F - pK 7t 0122002 LHCb(2023)[86] | 4 )\ po s 0.30:£0.03  BESIII(2025)[134]
<027 BESII(2017)[117) | A} —bnxtn® 0.640.00  BESII(2023)(129] Ad - A(1600)7+ = pK~ 7t 0.32+0.12  LHCb(2023)(86] ‘ < 0.31+0.05  BESIII(2025)[108]
AF o pe <008 Belle(2021)[108] | AT —+nKIK* 0.3970 17 BESII(2024)[91] AL 5 A(1670)rt 5 pK 0.07+0.02  LHCb(2023)(86]
0161000 BESIIN(2024)[118) | AT s nxtn—xt 0.45+0.08  BESIII{2023)(129] R 0.27+0.06 Belle(2021)[95]
0.18+0.04 BESIII(2025)[119) AF et 3.91+0.40 BESII{2016)[127] < al L 0.2740.06 BESIII(2025)[148]
1.24£0.30 BESIII{(2017)[117) 4.72+0.28  LHCb(2018)[138] Al > A(1690)7t - pK 7t 0.07+0.02  LHCb(2023)[86]
1.42£0.12 Belle(2021)[108) | AT = pK* K- 1.08£0.07  LHCb(2018)[138] T T —
Af s 1L57£0.12 BESIN(2023)[120) | Af 5 p(K*K Jpons  0.55+0.14  BESIII{(2016)(127] Ad - AQ000)7 — pK 0.60+007  LHOb(2023)(86]
1.63£0.33 BESIIN(2024)[118) | A} —pKLKY 0.24+0.02  Belle(2023)[146) S-involved
1.67£0.80 LHCb(2024)(121) | AT — pe=” <0.15 Belle(2017)(147] Al 5 5t+x0 1.1840.10  BESIII(2016)(80] At o Shatae 4.25+0.31 BESIII(2016)(80]
A oprf 0.56%531 BESIN(2022)(123] [ A+ (pK+ K- =)y <006 Belle(2017)[147) 0.41£0.20 BESIII(2018)[96] | © 4574028 Belle(2018)[149)
0.47£0.10 Belle(02)[122] |\ | s - 0.1620.02  Belle(2016)(137] A5zt 0.31+0.05  Belle(2023)[98] | Ad > 5+ a0x0 15740.15  Belle(2018)[149]
Al oee 1322044 LHCb(2024)(121] 0.10£0.01  LHCL(2018)[138] 0.38+0.06  BESII(2025)[97] | Af — 207+ 70 3654030  Belle(2018)(149)
. 3::2?? iﬁ:’(ﬁl;}[;‘ll 1.34+0.56  BESIII(2018)(96] | AL —x%xty 0.7640.08 Belle(2021)(95]
Ad o po 1112021 BESIII(2023)(120) A ozty 0.42+0.09 Belle(2023)[98] AY o> atat 1.814+0.19  BESIII(2017)(105]
0.98£0.31 LHCb(2024)[121) 0.57+0.18  BESII(2025)[97) | A} »S-atatal 2.11+0.36  BESIII(2017)(105]
A Spo 1065022 BESIII(2016)[127) At o Ttw 1.56+0.21  BESIII(2016)[80] | Al 5 S+ KK~ 0.38:£0.05  BESIII(2023)[150]
A-involved AroEtg 0.41+0.09  BESII(2023)[150] | A¥ 5 S+K+K, . 0204004  BESII(2023)[150]
A S AKH 0.620.06 BESII2022)[131] |\ prs 0 <20  BESIHI(2024)(107] At o 20t 1274009  BESIII(2016)[80] | Al —SOKSK+ 0.08:£0.03  BESIII(2025)[108]
0.66 £0.04 Belle(2023)(132] 1.49+0.20  BESII{2024)[135] & 1.2240.11 BESIII(2023)[126]
e e [ S e bar00s ootz
' ‘1:2910:;‘(90 ; 22.1“) BEsm(zozs)[::u] - : - - 091:£0.20  BESIII(2019)[94]
AY - 2(1385)tn 1.21+0.12  Belle(2021)(95]
Erinvolved 0.68+0.08 BESIII(2025)[148]
A EOK* 0.47£0.10 BESIIN(2022)(133] | AT 5 StK* =~ 2.00+0.28  BESII{2023)[150] AT 5 (13880 0652010 BESII(2022)93]
0.36£0.03 Belle(2023)[132) [ AT 52t K x—a" <0.01 BESII{2023)[150] < : -
Al 5Btk 0.48£0.14 BESUI202)(138) | (o cops o <18 BESII{2024)[107] E-involved
<050 BESII(2024)[151] AF 5 =0K+ 0.59+£0.09 BESIII(2018)[106] | AY —Z0K+x0 0.780.17  BESIII(2024)(107]
AL R Kt e <065  BESII{2024)[151] . 0t 0.50+£0.10 BESIII(2018)[106] | A} —Z0K %+ 0.37+0.06  BESIII(2025)[108]
AL R Ktat 0.38+0.12  BESIII(2024)(136] & = E(1530)°K 0.604£0.11  BESII(2024)[107]
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A? decay asymmetry studies

P.-R. Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)

2026/4/25

Mode « Experiment Mode « Experiment
Nucleon-involved AT — A(1600)7t 0.2+0.5 LHCb(2023)[91]
AF S KO —0.75 f 5).1140 LHCb(2024)[160] | Ly (1670t 0.82+0.08 LHCb(2023)[91]
—0.9270-49 BESIII(2025)[159)] 0.21+0.43 BESIII(2025)[153]
AF — pKE(700)° —0.140.7 LHCb(2023)[91] | AF — A(1690)7+ 0.958 +0.034 LHCb(2023)[91]
AF — pK(892)° 0.87+0.03 LHCb(2023)[91] | AF — A(2000)7+ —0.5740.19 LHCb(2023)[91]
A —pK((1430)° 0.3440.14 LHCb(2023)[91] | Z-involved
A = A(1232) K~ 0.55+0.04 LHCb(2023)[91] AF Ly 540 —0.4840.03 Belle(2023)[103]
A = A(1600)TTK~  —0.5040.18 LHCb(2023)[91] ¢ —0.5940.05  BESIII(2025)[159)
AT = A(1700) K- 0.2240.08 LHCb(2023)[91] | AT =Xty —0.99+0.06 Belle(2023)[103]
A-involved AF =Sty —0.4640.07 Belle(2023)[103]
—0.785+0.007  LHCb(2024)[160] At L 50+ —0.4640.02 Belle(2023)[137]
Al — Ant —0.755+0.006  Belle(2023)[137] ¢ —0.5040.08  BESIII(2025)[159)
—0.790+0.033  BESIII(2025)[159] | AF — 2(1385)T#x0 —0.9174+0.089  BESIII(2022)[98]
AF S AK* —0.59+0.05 Belle(2023)[137] | A — £(1385)* 7 —0.614+0.16  BESIII(2025)[153]
—0.524+0.05  LHCb(2024)[160] | Al —$(1385)%7x+t  —0.7940.11 BESIII(2022)[98]
AL — Ap(770) —0.763+0.070  BESIII(2022)[98] | Af - 20K+ —0.5440.20 Belle(2023)[137]
AF — Aa(980)F —0.911029  BESIII(2025)[153] | E-involved
AF — A(1405)7+ 0.58+0.28 LHCb(2023)[91] | Af - =K+ 0.01+0.16 BESIII(2024)[161]
AL — A(1520)7+ 0.93+0.09 LHCb(2023)[91]
Mode B Experiment Mode o' Experiment
AF At 0.378+£0.015  LHCb(2024)[160] | £y At 0.49140.012  LHCb(2024)[160]
0.3710 5% BESIII(2025)[159] 0.6470:30 BESIII(2025)[159]
AF 5207t 0.7070 18 BESIII(2025)[159] | Ad — 207+ —0.507059  BESIII(2025)[159]
AF 5 2t70 0.76 7093 BESIII(2025)[159] | Al — 2+x0 —0.26170-38 BESIII(2025)[159]
Al - 20Kt —0.6440.70  BESIII(2024)[161] | Al ==K+ —0.7740.59  BESIII(2024)[161]
Af - AKT 0.33+0.08 LHCb(2024)[160] | Af = AK™* —0.799+0.041  LHCH(2024)[160]
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Hunting for A7 —» ne*v BESIT

« Important process of semi-leptonic A} decay to - . 4 o
probe strong dynamics in charmed baryon /Q\Q
* Challenges: \)—/ —©
v’ neutrino is missing in detection
v" dominant backgrounds from Af — A(- nn%)etv, Q\ 00— /Q)
with ~10x yields than that of the pursuing signals . Vi \Q
v’ elusive neutron detection due to neutral charge and  semiLepioniemoge 0 —Q

contaminations from the photon showers (& noises) o / \)
in electro-magnetic calorimeter (EMC) / <

Need advanced Machine Learning tool to identify neutron showers in EMC

single n single A

Ao

25 2 15 -1 05 0 '0,5 1 15 2 25 o 25 -2 15 -1 05 0 05 1 15 2 25 9
A0 A0
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BESII

Observation of A7 — ne™v

140

120

Events/ (0.02)
.
8 &8 28 8 8

Pull

bowe

Nature Comm. 16, 681 (2025)

{ Data (>10 0-) { Data
[ A > netv, ] ! U A > qev,
[ A} > Aetv, ] :100 1 ] A7 = Aev, 1
- Other A} decays ] 2 80 - Other 1_\; decays
{ £ 60 :
4
] = 40l .
] 20 n
: } ] : ¢ STTRITITIT:
- - . . . i 0 E— ) -
5 5 3f ]
:3&'}?}'{'4';';#'£*“’“’4“‘}iI'I{";'l"{:%*'{"“}'4’{3’%*'I'Tﬂ'{"if'*'*'g E g %{..’,Hﬁ.*.{,&ﬁ;.{.;.}.*.%.;h{..};.}.;;.{.;..}.*;,{.{.;,;.{.&zH.}.{J.;.{..‘F{_
F ] =9 r bs ]
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 7i/A classification

g00d control of systematics on GNN training

* Model settings: network weight initialization, batch processing sequence and
dropout layer are randomly varied
* Domain shift: validation of independent control sample via J /i

S xtmahE (prd) and J /i — E-(ArO)E (Art)

B(AT = netv,) = (0.357 £ 0.03454a¢. £ 0.0145y5;.) %

2026/4/25
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Decay asymmetry for pure W-exchange process Af —» Z°K*

PRL 132,031801(2024)

Theory or experiment

B(A} - Z°K*) azok+

|A]

|B|

61)_65

(x1073) (x1072Gp GeV?) (x1072Gx GeV?) (rad)
Korner (1992), CCQM [7] 2.6 0 - -
Xu (1992), Pole [8] 1.0 0 0 7.94 .
Zencaykowski (1994), Pole [9] 3.6 0 - - -
Ivanov (1998), CCQM [10] 3.1 0 - - -
Sharma (1999), CA [11] 1.3 0 - - -
Geng (2019), SU(3) [12] 5.7+£0.9 0.9479-99 2.74+0.6 16.1+2.6 -
Zou (2020), CA [5] 7.1 0.90 4.48 12.10 -
Zhong (2022), SU(3) [13] 3.8103 0.9170.03 3.2+0.2 8.7+0:6 -
Zhong (2022), SU(3)® [13] 5.015:5 0.99 + 0.01 3.3%5:2 12.3112 -
BESIII (2018) [14] 5.90 + 0.86 =+ 0.39 - - - -
PDG Fit (2022) [3] 5.5+ 0.7 - - - -

At - EOK* is pure W-exchange process which have significant
contributions in charmed baryon decay.

+
A

Nonfactorizable W-exchange diagram cannot be calculated using

theoretical approaches.

Long-standing puzzle on how large the S-wave amplitude.

+
A

Experimental measurement of decay asymmetry is crucial and

urgent.

FIG. 1.

& o
#7 V‘
YaVa
<
e »
[1]

o

s
S\ g+
LU — U K
(u —> U
=0
c —> > S (=
§W+ :
S 4
(2 LK

Feynman diagrams for A} — Z°K ™
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Decay asymmetry for pure W-exchange process Af —» Z°K*

PRL 132,031801(2024)

_ 2Re(s*p)
[s[2 + |p[*’

2Im(s*p) _Is]2 = |p|?

BB = 5115 TYTBP = T 5 1 19
|s[? + [p|? |s? + |p|?

app

Level Decay Helicity angle Helicity amplitude
0 efe” 5 AT(M)AZ(X2) (60) Axyng
1 AF -5 E°N) KT (61,61) B, CM frame A rest frame
2 20— A(Ag) 7° (62,02) Cx,
3 A — p(As) ™ (63,03) Dy,
dr

dcosfy dcosfy dcosfz dcosfs dpi depo dos
o« 1+ aocoszeo
+ (14 aocoszeo) Q0 jo+ O p 0 COSO2

+(1+ aocos200) Q0 ot gy — cosfzcosf3

+(1+ aocos290) aA"oap",cosﬁs

\/1— aiﬂo apﬂ,siné’zsinegcos(AAﬂ,o + ¢3)

1-— a% sinAosinﬂocosé’gaEOK+ sinf;sing;

|
—
=
+
Q
S
o)
[}
@
S
>
S
N
Q
]
°
=
T

+

+

1-— a% sinAgsinfgcosfpa ,  05ind;sing; cosby

=0 rest frame A rest frame

_ sinf1sing; cosfs

+

2 sinAgsinfocosfozo g+ 0 0 a,.

+

1— a% sinAosinﬂgcosegapﬂfsin91sin¢10059200503
2 sinAgsinfpcosfp /1 — aiﬂo ozpﬂ_sin91sinqﬁlsinﬁgsinechS(AAﬂ.o + ¢3)
2 sinAgsinfgcosfp /1 — aioKJr o, ocosprsinfasin(Dgo o+ + ¢2)
1-— a% sinAgsinfocosfp /1 — a§0K+ oy 0cosfisingsinfacos(Dgo 4 + P2)

inosintocostoy /T~ oo i * The joi lar distribution for A{
2 sinAgsinfgcosfo /1 — O‘éOK+ apﬂ,,cosé’lsm¢1smegcos(AEOK+ + ¢2)cosf3 e ]Olnt angu ar lstrl utlon Or C
2 sinAgsinfocosfp /1 — a2 o cos¢isinfasin(Azo g+ + ¢p2)cosbs — O + . . . .
Ve =x — Z°K" isd d based on hel

&) 1S derived based on helicity

2 sinAgsinfgcosfy /1 — D‘ioK+ V/1— O‘i,,o @, — cosbisingisin(Ago g+ + ¢2)sindssin(A, o + ¢3)
2 sinAgsinfgcosfp /1 — a;oKJr A/1— aiﬂo a,,.— cosfsing; cosfzcos(Ago jo+ + ¢2)sinfzcos(A, o + ¢3) amplltUde.
2 sinAgsinfgcosfp /1 — aéoKJr \/1— aiwo @, — c05$1008(Ag0 i+ + $2)sindssin(A, 0 + ¢3)
+4/1— a% sinAgsinfocosfp /1 — a§0K+ y/1— O‘i,rﬂ [ cos¢1cosfasin(Ago g+ + ¢2)sinfzcos(A, 0 + $3)

+

+ o+

PR

+

+
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Decay asymmetry for pure W-exchange process Af —» Z°K*

Events /0.1
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60
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60 cos 6+1 601 + ¢1
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+
zo1‘_‘f*'irl"};}+}i+$;#_1 20|
e eeie e
60 cos 92 601~ ¢2

20|

60 C0593 60 + ¢3
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Physical Boundary

04 (BESIII) & BF(PDG)

Korner(1992), CCQM

Xu(1992), Pole

Zencaykowski(1994), Pole

Ivanov(1998), CCQM

mO e Vv ia X% :-'10

Sharma(1999), CA
Geng(2019), SU(3)
Zou(2020), CA
Zhong(2022), SU3)"
Zhong(2022), SUG3)

ok

PRL 132,031801(2024)

° From the fit, we obtain azog+ = 0.01 £ 0.1644;
i O-OBSyst and ﬁEOK+ = _064 i 0-695tat i 0'135ySt
and Y=o+ = —0.77 + 0-58stat + O-llsyst

° agog+isin good agreement with zero=>strong
identification for theoretical predictions.

(my+ —mezo)? —m3,

B(A} — E°K*) || [(mys +m=0)? —mie, 2
o BN (g £ ey (s e e g
N _ 2k|Al|B|cos(d, — d,)
SR AR+ k2B

2k|A||B|sin(d,, — ds)
|A]? = s2|B]*

Agog+ = arctan

* Especially, cos(6, — d;) is measured to close to
zero.=>not considered in previous literature.

* Fills the long-standing puzzle on how to model azoyg+
and B(Af — Z°K™*) simultaneously.

— 3 3
Branching Fraction(x107)
2026/4/25
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Observation of AT — Aa,(980)"

PRL 134, 021901 (2025)

200 L —+ Sweighted data
- ~~ =
"/E: “E B — Total fit Y |
> S 200 — Aa,(980)* = 100
[} | (o} i ANR .(t*n) L i
@) @) - v @)
;) S
() S i i - =) [
S i S 100 [T Total interference S 50 i
~ i ~ i + ~ -
2 2 B 2 L
£ oFs 2 1 PRSI o e v ol & [
5 5 [ #7] ~H] 5 o
84 m = m L
0.7 0.8 0.9 | 1.1 1.3 1.4 1.5 1.6 1.7 .
M., (GeV/c?) M,_. (GeVic?) M, (GeV/c?)

AF —nageso)t|? AL —hag(9s0)F 2 2Re( AjlaAao(gso)Jr A;‘;HAQO(QBO)+*

1o —1lo0 1,
Ohan(950)+ = [ T o T = T o T gACLMWBO)+ +, Process FF (%) S a

5.0 -%.0 0,% 1,3

sl st g (ot i) Aag(980)F  54.0+£84+£2.6 131 —091018 £0.08
(&3 +n = ] 7 = p] 2
B0 = L T o [ L 0 S(1385) 304 £2.6£0.7 2256 —0.61 £ 0.15+ 0.04
HA;"—»A(mvo)«‘*’ 2 HA;*'—»A(mm)w‘*' 2 2Re<gA3’—>A(167O)w+ gAj—»A(levo)«‘*'*) A(1670)7Z'+ 14.1 :I: 2.8 :t 1.2 1170' 0.21 :t 0.27 i 0.33

3.0 -3.0 _ 0,3 1,3
Ar(@670)mt = HA;:"A»A(1670)1\'+ 2+ HAZ—%A(1670)1\'+ 27 | Af—aeroyxt 2+ gAiaA(lGﬂO)w‘" - /\]N']R()wL 15.4 :t 53 6.76 e

%,0 —%,0 0,% 1,%

» Partial wave analysis can also extract the decay asymmetry.

> More efficient!
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Production and Decay Dynamics of the A/

d

rXiv 2508.11400

’Pi_l_ (cosby) =

c

3 )\/1 — a2 sin B cos Oy sin AD

2(3 + (075}

Measured transverse polarization using 587 fb-! in
2018 but not found. [BESIII, PRD 100, 072004
(2019)]

Events/(1.25 MeV/c?)

Using 6.4 fb! collected from 4.6-4.95 GeV, observe
transverse polarization in multiple energy points.

Joint angular analyses of the cascade decays of A,
- pK,, Ant,2*% and 2%t and amplitude analysis
of A, » pK™n*

3000 F -
CAF—>pK
2000 -

1000

o ) d
0
225 226 227

228 229

—— Data@4600 MeV
—— Fit
Background

z Mis-reconstructed

r 0
[ Af—pK?
400

200

300
200

100[

LAI—>AT*

e ugeas cdesans. |

25 226 227

holad® 1
228

LY
229 23

- LY
2.25 226 227 228 229 23

150F
LAF 3207+

100}

50

0 L
225 226 227

228

60

40

20

LAt

0 e Y
229 23 225 226 227 228 229 23

L& a0 Yikd! S Tt d IR A7 7\ I

M, (GeV/c?)
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Production and Decay Dynamics of the 4] arXiv 2508.11400

2Re(s*p) 2Im(s*p) IsI? = Ipl?
Q=—-= N V] =T oz
ISIZ + [pI2 SZ+pl2 | sPE+pl2

az + BZ + yz — 1

If parity violation exists: a, 8 # 0, y + —1

(a+’P1y\+ ﬁ)ﬁ—i—ﬂ(’Pj’\ixﬁ)—i—vﬁx(Pijxﬁ) ar
1+ a'PjJﬁ_ 1) dcosfy dcosf; dcosby dpy dos

x 1+ ag cos? b,

+ /1 — ajay,.— sin b cos O sin A sin 6, sin ¢; cos b

13

+ /1 — aay,— sin g cos O sin AP cos §; sin ¢; sin b,

X /1 — a3, cos(Ayr+ + ¢2)

:

+ . . .
OM frame A; rest frame + /1 — ada,,,— sin b cos O sin AP cos ¢y sin 6,

X \/1—a3 o sin(Ay+ + ¢2)

+ /1 — aday .+ sin by cos Oy sin AP sin 6, sin ¢

133

+ apa,— x4t COS2 By cos B
pT Am

+ Q- g+ COS B2,

A} rest frame A rest frame
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Production and Decay Dynamics of the 4] arXiv 2508.11400

Af—pK} cos6, Af—pK} cos6, Al —pK} 4
s00k PR 0 s00k PR 1| 1000 PR 1 Data
-+
00p PURIUC T3P SOV 600; - *, +
a0f ~ * 400f 500 .
200f 200F Fit
1 L L L L L L L L
R Y 0 s s 0 2 4 6
4000F Aj—>pK '+ cosf, | 4000F Ai—>pK 7+ cosd; A} —pK'n* 9, A;—pK '+ 9, Background
3000 F - 3000 W “onr 4000 - WW
V
2000 2000 F // .
2000f 2000} // Mis-reconstructed
1000F 1000F Z
1 1 1 1 1 1 1 1 L
05 0 05 005 0 0s 0 2 4 6 0 2 4 6
600 F AioAT* cosy | oo | AioAT* cosf, | goof At—>AT* cosf, | 600F A* Azt 9, 600 A¥ AR+ 9,
+
0 L
E L 400 400 w
)
> L 200F 200f
=
L L L 0 1 L L ‘4; L 1 1
0.5 2 4 6 2 4 3
cos6, Af-Ztn® 9, A>T n® 9,
+ 150F 150
100F 100 b
¥ F¥F
50 + sof
0.5 0 2 4 6 X 2 4 6
sty [ o Afx'7 cosfy | 300F A*_y50+ o, | 300F At 507+ 9,
+
L A 150 W&“W 200f 200} +
+ ¥ + ¥
3 100f
100 100f
k> s0fF
=" R e 0 0 0
ST 05 1 1 -05 0 05 2 4 6 2 4 6
Helicity angles

* Simultaneous fits to 23 angles of 5 channels at 13 energy points
* Established a new method to enhance the precisions of the decay asymmetries A,

- pK,, An*, 2% and 20n
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Production and Decay Dynamics of the Af arXiv 2508.11400

2.5
¢ This work 0.02
2.04{ t BESIII previous results
_ --- Predictizn @021) 4 Data
& 1.5{ — Prediction (2024) . —— Fit
E L0 § 0.014 === Phase space
0.5 5
B U S ) et et
B
0.5 3
= —0.014
% 0.0 o
—0.51 —0.02 1
~1.01 . . ~-1.00 -0.75 -050 -025 000 025 050 075 1.00
4600 4650 4700 4750 4800 4850 4900 4950 cos By
/s MeV)
Vs [MeV] ao in previous work [21, 92] o in this work sin A® SL \/ (IP +| ) (%)
4600 —0.20 £ 0.04 £ 0.02 —0.226 & 0.030 & 0.004 —0.100 + 0.068 + 0.009 2.20 3. 903,2; +0.36
4612 —0.26 £ 0.09 & 0.01 —0.160 & 0.083 & 0.004 —0.145+£0.160 £0.030 1.10 5.57758 +1.15
4628 —0.21 £ 0.04 4 0.01 —0.181 £ 0.038 £ 0.001 —0.363 £ 0.077 £ 0.012 6.80 14.02 +2.95 & 0.46
4641 —0.09 £ 0.05 £ 0.01 —0.060 £+ 0.039 & 0.003 —0.388 £ 0.067 £ 0.015 7.60 14.47 £ 2.49 £+ 0.56
4661 —0.02 £ 0.05 £ 0.01 0.008 + 0.044 + 0.003 —0.476 £ 0.078 £ 0.021 8.50 17.33 +2.82+0.76
4682 0.15 4 0.03 £ 0.01 0.102 £ 0.029 + 0.003 —0.481 + 0.048 + 0.021 14.10 16.82 + 1.64 +0.74
4699 0.34 +0.07 £ 0.01 0.305 £ 0.055 + 0.010 —0.518 £ 0.097 £ 0.028 7.10 16.17 £ 3.05 £ 0.88
4740 0.49 £+ 0.16 + 0.03 0.358 £ 0.126 + 0.008 —0.097 £ 0.185 +0.016 0.40  2.92+559 +0.48
4750 0.42 4+ 0.10 £ 0.01 0.347 £0.079 + 0.004 —0.311+£0.1344+0.019 3.1c  9.43%335 +0.58
4781 0.17 4 0.07 £ 0.01 0.157 +0.062 + 0.007 —0.385+0.115+0.028 5.1c 13.1175514+0.95
4843 0.38 £0.10 + 0.01 0.282 £ 0.089 + 0.019 —0.376 +0.140 + 0.034 3.60 11.92773) +£1.07
4918 0.62 4 0.17 £ 0.01 0.612 +0.150 + 0.019 —0.410 +0.246 +0.024 1.90 9.67+532 +0.61
4951 0.63 +0.21 + 0.01 0.744 +0.179 + 0.007 —0.644 +0.304 £ 0.058 1.80 12.35%757 +1.13

Using 6.4 fb-! collected from 4.6-4.95 GeV, observe transverse polarization
in multiple energy points.
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Production and Decay Dynamics of the 4] arXiv 2508.11400

Theo. and Exp.
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Production and Decay Dynamics of the Af

arXiv 2508.11400

Parameter A} — pK3 Af — Ant A — X0t AF — Btq0
(app) —0.918T3333 +0.031 —0.790 + 0.032 + 0.009 —0.502 + 0.080 £ 0.009 —0.590 + 0.049 + 0.022
(App) 0.637 +0.444 +0.014  2.190 +0.730 +0.029  1.901 4 0.603 4 0.040
(Bp) 0.36570-273 +0.010 0.704i§;}1§§ +0.015 0.7641“03%’%’% +0.018
(vBP) 0.637 0505 = 0.011  —0.50270503 £0.021  —0.262715°3%5 4 0.031
(Ag) 2.7119-23 1 0.02 2.1910-15 £ 0.02 2.23100¢ £ 0.03
tan(Ag) —0.4670-5 +0.02 —1.4075-99 £ 0.05 —1.2970-15 £0.08
Parameter A — pK3 Af — An™ AF — 307t Af - Xtq0
ASEF 0.07970-155 £0.019  0.002 £ 0.047 £ 0.017  0.20670:13% +0.028  —0.086 + 0.081 & 0.029
tanpop - 0.232 +0.242 £ 0.025  0.393 & 0.651 & 0.042 —0.007 =+ 0.474 + 0.034
tanAg —0.475 + 0.242 4 0.029 —1.411 £ 0.672 + 0.062 —1.297 & 0.478 + 0.068
25
g, Tog1992, P A} = Ax? A} 207 Al - Tl
. IS OOM o2
Zou(2020), CA D .
8 e \
= Zhong(2022), SUQF &) R VN
+ :[bangli‘;flil. SU) ?: N ,'-Z}SK '. N N
+ Iba:::;J'.'J:lL IRA x 10 o \\\‘\&\Q\ \\\\ R\ \'\\ \ '\.‘\
/mng.:'z:julrx\ % N VN ‘.‘ N ‘}
Iha::'.ZUIJ‘ TDA? =3 Sl e
T amaws 0 . . , . . . . . . . . .
0 2 4 6 8 2 4 6 8 2 4 6 8
|A| (x1072Gy GeV?)
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Proposal of the BEPCII upgrade

* optimized energy at 2.35 GeV with luminosity 3 times higher than the
current BEPCII.

— T e BES I :
i Nearly blank at 5-7GeV
=4 ] = KEDR
E SR T | e v
(NN S N 3 ] SRR LS
o g ' * %"t%’
% 5 o [# %.'."..'.".f.."f ______ ¢ S N 1
o | 2.0,
s - " — -
Ns (GeV)
495 ~ 5.6 GeV: new energy
coverage of BEPCII-upgrade
Energy thresholds
v AREZ 4.74 GeV
v NS T 4.88 GeV
v 3.2, 491 GeV
v E. &, 4.95 GeV
v 0000 5.4 GeV
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Prospect Charm Baryons data sample at BESIII

Table 7.1.

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics program. The right-

most column shows the number of required data taking days with the current (7¢) and upgraded (7y) machine. The machine upgrades include top-up
implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc! Ty
1.8-2.0 GeV R values Nucleon cross-sections N/A 0.1 "' (fine scan) 60/50 days
2.0-3.1 GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points) 250/180 days

J/y peak Light hadron & Glueball J/¢ decays 32" (10 billion) 32f " (10 billion) N/A
¥(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5fb ' (3.0 billion) 150/90 days
¥(3770) peak D/D* decays 29" 200 b 610/360 days
3.8-4.6GeV R values XyZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV Dy decay XyZ/Open charm 321b" 6fb' 140/50 days
4.0-46Gey XY7/Open charm Higher charmonia cross-sections 16.0 fb ' at different Vs 30 fb ' at different Vs 770/310 days
4.6-4.9 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb ' at different Vs 1490/600 days

4.74 GeV T¥A; cross-section N/A 1L.0f" 100/40 days

491 GeV 3., cross-section N/A 1.0t 120/50 days

4.95 GeV Z, decays N/A 1.0 130/50 days

« Began a new round of A} data taking at 4.68 GeV on Feb.27 2026

* Very smooth data taking

* BEPCII-U reached the designed luminosity at E beam= 2.35 GeV

2026/4/25
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Summary

¢ In recent years, experimental activities on charmed
baryons are reviving, esp. at BESIII

¢ Threshold data at BESIII opens a new door to direct
measurements of the decays =@ comprehensive and

systematic studies of charmed baryon decays

v BESIII has published several world-leading results based on
~80 M Af samples

v' Additional >160 M A} samples are collecting now

v More efforts on hadronic decays with n/X /% particles &
semi-leptonic decays

¢ Opportunity in other charmed baryons:
Plan to take data up to 5.6 GeV to cover all the ground-state
charmed baryons
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Thanks!
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B aCkup ~ Singly-charmed baryon

Energy thresholds
veteT - AYST 4.74~4.87 GeV
v ete™ - AFA7(2595)(Z. )  4.88 GeV
vetem 53, I, 4.91 GeV
vetem -5 E. B, 4.95 GeV

The Born cross-section ratios between AL Az + c.c.and A7ZF + c.c. at different energy
points can provide more information about the production of cc¢ or gg from vacuum.

BES]I[ Cross sections for ete™ — A}LEC_ and X, fc

& 8

- ete” > AYZ; above 4.74 GeV: An interesting isospin
violating process to understand the QCD dynamics at
charm sector
v A cross section scan slightly above 4.74 GeV will be

useful for comparison with that of ete™ = ATA; and AfX;
v o(AFE7)/o(AFAZ) v.s. o(AZ)/a(AA)

& &l

al

=» vaccum pol. to cc v.s. s§ b
v If observed, study the polarizations and form factors d
C
« ete” > X, X, around 4.91 GeV:
v' Cross section comparison with that of ete™ — A¥AZ =
=» good diquark v.s. bad diquark p
v' Study the polarizations and form factors in ete™ — £2%?2 =

and Z}E7
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CP observable in hyperon decay

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1| AUGUST 1986
Hyperon decays and CP nonconservation

John F. Donoghue
Depariment of Physics and Astronomy, University of Massachusetts, Amherst, Massochusetts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astromomy, University of Howeii ot Manoa, Homoluly, Howali 96522
(Recerved 7 March 1986)

We study all modes of hyperon nonleptonsc decay and consider the CP-odd observables which re-
\ sult. Explicit cakulations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
4 right-symmetric models of CP nonconservation.

John F. Xiao-Gang He Sandip Pakvasa _

Donoghue

SM Prediction of A decay

Not sensitive to CPV A=— \/_— sinAgsingcp —5.4x 1077
2
asiest to measure = ———— ~ tan A, tan - =
s s CP 0.5x10
 dae: Fﬁ+l‘ﬁ’
Polarization Qt decdyed_  B= ~ tan ¢ p 3.0 x 10-3
baryon needs to be measured Ta —Ta@
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