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The charmed baryon family

* Singly charmed baryons
v' Established ground states:

AL 2, B, @,
v Excited states are being explored
* Observation of other doubly charmed baryon £/

* No observations of other doubly or triply charmed baryofis

> Af: decay only weakly, many recent experimental progress
since 2014

Y. : B, - A7m)~100%; B(Z, > Afy)?
» E. :decay only weakly; absolute BF measured with poor
precision

Y

> Q. : decay only weakly; no absolute BF measured



A{: The lightest charmed baryon spectroscopy

* Most of the charmed baryons will eventually decay to A7 .

* The A} is one of important tagging hadrons in c-quark counting in the productions at high energy
experiment.

* Naive quark model picture: a heavy quark (c) with an unexcited spin-zero diquark (u#-d). Diquark
correlation is enhanced by weak Color Magnetic Interaction with a heavy quark(HQET).

* A} may reveal more information of strong- and weak-interactions in charm region, complementary to D/Ds

U d - Charmed

(y >  Charmed meson u =  Strange baryon
(D*[cd]) [ — 94 %\%) “‘ (A udc])
uas
‘ my << m_ > ‘ m,, My << m_ >
C quark + heavy quark S‘ My, Mg = _ms 2 diquark + quark
(a) (@ (aqq) uniform C (@) (@
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A{ weak decay picture in theory

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

suppress) A

”:,' W

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

‘ 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.

2025/8/6



A} Mode BF(x1073) Experiment A Mode BF(x1073) Experiment
23.74+5.1(37%)"  ARGUS(1991)[24] | AT = pK~et v, 0.88+0.18(20%)  BESIII(2022)[29]
AF — AeTre 26.8+5.1(19%)’ CELO(1994)[25) AL > A1405)et e, 0.4240.19(45%)  BESIII(2022)[29]
36.3+4.3(12%) BESIII(2015)[30] | A(1405) —»pK~—
35.6+£1.3(3.6%) BESIII(2022)[31] | Ad — A(1520)etve 1.0+0.5(50%) BESIII(2022)[29]
AF = Apt o, 34.945.3(15%) BESIII(2017)[32] | AL —pKn~etv, <0.33 BESIII(2023)[33]
34.8+1.7(4.9%) BESIII(2023)[34] | A - Antn—etwe <0.39 BESIII(2023)[33]
AF et X 39.5+3.5(8.9%) BESIII(2018)[35] | A = netwv, 3.574+0.37 (10%) BESIII(2025)[36]
40.6+£1.3(3.2%) BESIII(2023)[37]
E. Mode BF(x1073) Experiment Z. Mode BF(x1073) Experiment
13.7+7.7(56%)"  ARGUS(1993)[26] | E0 =" uty, 10.14+2.1(21%)T  Belle(2021)[38]
20 m ety 44.37159(40%)t  CLEO(1995)[27] | E& - =Eetv, 67+39(58%)1 CLEO(1995)[27]
¢ 19.745.3(27%)"  ALICE(2021)[39]
10.4+2.1(20%)1 Belle(2021)[38]
Q2 Mode Ratio Experiment Q9 Mode Ratio Experiment

2.4+1.1(47%)
1.98+0.15(7.7%)

CLEO(2002)[28]
Belle(2022)[40]

1.94+0.21(11%)

Belle(2022)[40]
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Table 3. The determined BFs for the CS decays of the AJ (in units of 10™2). Upper limits are set at 90%

confidence level.

Table 2. Measurements of the BFs for the CF decays of the AJ (in units of %).
Mode BF Experiment | Mode BF Experiment
Nucleon-involved
AY —pKY 1.524£0.09  BESIII(2016)[80] AF KOt 1.82+0.25  BESIII(2017)[90]
AT —pK? 1.67+£0.07 BESIII(2024)[89) i S 1.86+0.09  BESIII(2024)[91]
AY = pKj(700)° — pK 7t 0.19+0.06  LHCb(2023)[86] | AL —nK%nt 0 0.85+0.13  BESIII(2024)[92]
AF —pK;(892)° = pK—nt 1.384+0.08  LHCb(2023)(86] | AT »nK ntat 1.904+0.12  BESIII(2023)[129)
AY —pK;(1430)° — pK 7t 0.92+0.18  LHCb(2023)(86] AF s KO0 1.87+£0.14  BESIII(2016)(80]
AF - A(1232)t K- s prt K~  1.784£0.05  LHCb(2023)[86] ¢ TPRsT 2.124+0.11  Belle(11)(2025)[144]
Ad — A(1600)TTK~ —prt K~  0.28+0.10 LHCb(2023)[86] | AL —pK9n® 2.02+0.14  BESIII(2024)(89]
AF = A(1700) Tt K~ —prt K~ 0244006  LHCb(2023)(86] AF s KO 0.414+0.09  BESIII(2021)[145]
< PHsT 0.44+0.03  Belle(2023)[146]
AL = pKomta— 1.53+0.14  BESIII(2016)[80]
AT —pKOntn— 1.69+£0.11  BESIII(2024)[89]
A s pK-n+ 6.8470-32 Belle(2014)[81]
5.84+0.35  BESIII(2016)[80]
R 4.53+0.38  BESIII(2016)(80]
4424021  Belle(2017)[147)
A-involved
J— 1.24:+£0.08 BESIII(2016)[80] | Al — Antn® 7.014+0.42  BESIII(2016)[80]
© 1.31+£0.09 BESIII(2023)[126] 1.84+0.26  BESIII(2019)[94]
AT — Ap(770)*+ 4.06+£0.52 BESIII(2022)[93] | AT — Anty 1.84+0.13 Belle(2021)[95)
A — Aao(980)* 1.23+0.21  BESIII(2025)[94] 1.94+0.13  BESIII(2025)[148)
AT = A(1405)7t = pK 7t 0.48+0.19  LHCb(2023)(86] | Af = Antn—nt 3.81+0.30  BESIII(2016)[80]
AT = A(1520)7+ — pK 7t 0.1240.02  LHCb(2023)(86] AT AKOK+ 0.30+0.03  BESIII(2025)[134]
AT — A(1600)7T — pK T 0.324+0.12  LHCb(2023)[86] i S 0.314+0.05  BESIII(2025)[108]
AT = A(1670)7+ — pK— 7T 0.07£0.02  LHCb(2023)(86]
AT - AQ1670)n+ > A+ 0.27+0.06  Belle(2021)[95]
0.27+0.06 BESIII(2025)[148]
AT = A(1690)7+ — pK T 0.07+0.02  LHCb(2023)[86]
AT — A(2000)7+ — pK 7t 0.60+0.07  LHCb(2023)(86]
Y-involved
AF —»xtq0 1.1840.10  BESIII(2016)[80] AF s st 4.25+0.31  BESIII(2016)(80]
0.41+0.20 BESIII(2018)[96] ‘ 4.57+0.28  Belle(2018)[149]
A =5ty 0.31+0.05  Belle(2023)[98] | AT — E+7070 1.57+£0.15  Belle(2018)[149]
0.38+0.06  BESIII(2025)[(97] | AL =07t x0 3.65+0.30 Belle(2018)[149]
1.34+£0.56  BESIII(2018)[96] | Al — X07Ty 0.76+0.08 Belle(2021)[95]
AF s sty 0.424+0.09  Belle(2023)[98] | AT 5> E—7tat 1.81+£0.19  BESIII(2017)[105]
0.57+£0.18  BESIII(2025)[97] | Ad =S ntata® 2.114+0.36  BESIII(2017)[105]
AF 5 tw 1.56+£0.21  BESIII(2016)[80] | A7 - STK+K— 0.38+£0.05  BESIII(2023)[150]
AF 52te 0.41+0.09 BESII(2023)[150] | AT »S+K+TK, . 0.20+0.04 BESIII(2023)[150]
AF - 50+ 1.274+0.09  BESIII(2016)80] | AT —SOK3K+ 0.08+0.03  BESIII(2025)[108]
1.22+0.11  BESIII(2023)[126]
A —¥(1385) 70 0.59+0.08  BESIII(2022)[93]
0.91+0.20 BESIII(2019)[94]
A - ¥(1385)tn 1.21+£0.12  Belle(2021)[95]
0.68+0.08 BESIII(2025)[148]
AT —3(1385)07+ 0.65+0.10  BESIII(2022)[93]
E-involved
AF =K+ 0.59+0.09 BESIII(2018)[106] | AT —=0K+x0 0.784+0.17  BESIII(2024)[107]
AF - E(1530)0 K+ 0.50+0.10 BESIII(2018)[106] | AT —=K%n+ 0.374+0.06  BESIII(2025)[108]
0.60+0.11  BESIII(2024)[107]

010201-10

Mode BF Experiment I Mode BF Experiment
Nucleon-involved
Al s nxt 0.66+0.13 BESIII(2022)[126] | A - nK*n0 <0.71 BESIII(2024)[107]
<0.27 BESIII(2017)[117] | AF = natz® 0.64+0.09 BESIII(2023)[129]
AF = pm0 <0.08 Belle(2021)[109] | A7 - nK3K+ 0.397017  BESIII(2024)[91]
¢ 0.1615-07 BESIII(2024)(118] | Af —»nata—nt 0.45+0.08 BESIII(2023)[129)
0.18+0.04 BESIII(2025)[119)] JS—— 3.914+0.40 BESIII(2016)[127]
™
1.24+0.30 BESIII(2017)[117] | ~ ° P 4.72+0.28 LHCb(2018)[138]
1.42+40.12 Belle(2021)[109] | AT - pKTK~ 1.0840.07 LHCb(2018)[138]
AF —pn 1.57+0.12 BESIII(2023)(120] | AZ = p(KT K )pon-¢  0.55+0.14 BESIII(2016)[127]
1.63+0.33 BESIII(2024)[118] | AT — pK2KY 0.244+0.02  Belle(2023)[146)
1.67+0.80 LHCb(2024)[121] | AT — por® <0.15 Belle(2017)[147]
AF o pr 0.5610:2% BESIII(2022)[123] | Af — (pKT K~ 7%)xgr <0.06 Belle(2017)[147)
0.47+0.10 Belle(2022)[122] AF oK 0.164+0.02  Belle(2016)[137)
T
AF = pp 1.52+40.44 LHCb(2024)[121] <P 0.10+£0.01 LHCb(2018)[138]
0.94+0.39 LHCb(2018)[124]
. 11 Belle(2021)[12
AF S 0.83+0 elle(2021)[125]
1.1140.21 BESIII(2023)[120]
0.98+0.31 LHCb(2024)[121]
AF = po 1.06 +0.22 BESIII(2016)[127)
A-involved
0.62+0.06 BESIII(2022)[131 2.0 BESIII(2024)[107
AT S AKT (2022)[131] AF = AK+n0 < (2024)[107]
0.66+0.04 Belle(2023)[132] 1.494+0.29 BESIII(2024)[135]
2.40+0.59(6p =0°)  BESIII(2025)[134] | Af — AK%nt 1.73+0.29 BESIII(2025)[134]
AT - AK*t  5.21+0.75(60=109°) BESIII(2025)[134] | A 5 AKTntn— 0.41+0.15 BESIII(2024)[135]
1.2940.44(0p =221°)  BESIII(2025)[134]
Y-involved
AF L sOK+ 0.47+0.10 BESIII(2022)(133] | AT = StK+7— 2.004+0.28 BESIII(2023)[150]
¢ 0.36+0.03 Belle(2023)[132] | AT =St KT7 0 <0.01 BESIII(2023)[150]
AF - 2KY 0.48+0.14 BESIII(2022)[133] AF - SOK+a0 <18 BESIII(2024)[107]
<0.50 BESIII(2024)[151]
AF 520K trtn <0.65  BESIII(2024)[151]
Af 5E-Ktgat 0.3840.12 BESIII(2024)[136]




Table 4.

The determined polarization parameters a of various A} decay modes.

Mode polarization « Experiment Mode polarization « Experiment
Nucleon-involved AF — A(1600)7t 0.240.5 LHCb(2023)[86]
A o pKO 0.1840.45 BESIII(2019)[153] AF 5 A(1670)m+ 0.82+0.08 LHCb(2023)[86]
—0.754+0.10  LHCb(2024)[154] 0.2140.43 BESIII(2025)[148]
AL — pK((700)° —0.140.7 LHCb(2023)[86] | Al — A(1690)7+ 0.958 +0.034 LHCb(2023)[86]
A — pK(1430)° 0.3440.14 LHCb(2023)[86] | Ad — A(2000)7 —0.57+0.19 LHCb(2023)[86]
AF - A(1232)TH K- 0.5540.04 LHCb(2023)[86] | Z-involved
AL — A(1600) T+ K~ —0.50+0.18 LHCb(2023)[86] A+ 50 —0.574£0.12  BESIII(2019)[153]
A - A(1700) Tt K~ 0.2240.08 LHCb(2023)[86] ¢ —0.484+0.03 Belle(2023)[98]
A-involved A -3ty —0.99+0.06 Belle(2023)[98]
—0.804+0.11  BESIII(2019)[153] | Al —» =t/ —0.4640.07 Belle(2023)[98]
Af — Ant —0.755+0.006  Belle(2023)[132] | . o 4 —0.734+0.18  BESIII(2019)[153]
—0.785+0.007 LHCb(2024)[154] ¢ —0.4640.02 Belle(2023)[132]
AF o AKH —0.5940.05 Belle(2023)[132]i | Al —X(1385)t#0  —0.91740.089  BESIII(2022)[93]
—0.524+0.05  LHCb(2024)[154] | Al —3(1385)ty —0.614+0.16  BESIII(2025)[148]
A — Ap(770) T —0.7634+0.070  BESIII(2022)[93] | A} —2(1385)%7t  —0.789+0.113  BESIII(2022)[93]
AY — Aa(980)F —0.9172%0  BESIIN(2025)[148] | AT - =0K+ —0.5440.20 Belle(2023)[132]
AF — A(1405)7t 0.5840.28 LHCb(2023)[86] | E-involved
AL — A(1520)7t 0.9340.09 LHCb(2023)[86] | Af —»=0K+ 0.0140.16 BESIII(2024)[158]




Table 7. The measured BFs of the Q° with the relative mode Q2 — Q™7+, Upper limits are at 90% confidence

level.

Mode B Experiment Mode B Experiment
00 5 E0K° 1.64+0.29 Belle(2018)[186] | Q2 —>X"K K n* <0.32 Belle(2018)[186]
. 0.25+0.06 Belle(2023)[188] | Q- E°K =+ 1.20+0.18 Belle(2018)[186]

¢ 0.160.01 LHCb(2024)[189] | Q° »E-K-n*n+*  0.68+£0.08 Belle(2018)[186]
Q="K+ <0.07 Belle(2023)[188] | Q0 —» =~ K°r+ 2.124+0.28 Belle(2018)[186]
00— Q- K+ <0.29 Belle(2023)[188] | 22— Q- ntx® 2.00+0.20 Belle(2018)[186]

¢ 0.06£0.01 LHCb(2024)[189] | Q° > Q- ntr—7™ 0.32+0.05 Belle(2018)[186]
Q° - AK°K® 1.7240.35 Belle(2018)[186]

Table 5. The measured BFs of the =} and Z° (in units of %).
Mode B Experiment Mode B Experiment
=05 AK? 0.33+0.08 Belle(2022)[172] E0—»pK-K-7t 0.58+0.24 Belle(2019)[170]
20— AK*° 0.33+0.11 Belle(2021)[171] B0 AK -7t 1.17+0.38 Belle(2019)[170]
B0 YYK- 0.184+0.04  Belle(2022)[172] B0 AKTK- 0.05+0.01 Belle(2013)[176]
20 %FK*T 0614021  Belle(2021)[171] | E0—AK*K,,., 0.04+0.01  Belle(2013)[176]
B0 ¥OK*  1.24+0.37  Belle(2021)[171] B0 EKYK - 0.06+0.01 Belle(2021)[175]
=0 3OKY 0.05+0.02 Belle(2022)[172] EF > pKS 0.07£0.03  Belle(II)(2025)[185]
B0 5 B0 0.69+0.14 Belle(I1)(2024)[182] | Ef — po 0.012+0.006  LHCb(2019)[181]
20 2% 0.16:£0.04 Belle(II)(2024)[182] | =+ — An+ 0.05+0.02  Belle(II)(2025)[185]
=0 — =0y 0.12+0.04 Belle(II)(2024)[182] | Ef — X7+ 0.12+0.06  Belle(II)(2025)[185]
B0 E-wt 1.80+0.52 Belle(2019)[170] EFr > X*tK? 0.19+0.09  Belle(II)(2025)[180]
B E"K*  0.04£0.01 Belle(2013)[176] EF 207t 0.72+0.32  Belle(II)(2025)[180]
20y Adme 0.55+0.18  LHCb(2020)[177] | Ef - E°K* 0.05+0.02  Belle(II)(2025)[180]
¢ ¢ 0.54+0.14  Belle(2023)[178] — - 1.14+0.39 LHCb(2020)[177]
Ef—=spK™7
0.45+0.22 Belle(2019)[179]
EfoEatrt 2.86+1.27 Belle(2019)[179]

Table 6. The measured polarization of the Z°.

Mode polarization « Experiment

=0 — AK*(892)° 0.15+0.22 Belle(2021)[171]
=205 ¥tK*(892)-  —0.52+0.30 Belle(2021)[171]
2=t —0.63+0.03 Belle(2021)[38]
=0 5 B0 —0.90+0.27  Belle(II)(2024)[182]




Charm Facilities

Charm factory

B factory

Hadron collider

Threshold production: No boost || ® Low background ® High background

Small X-section : Lowest ® Low statistics ® High statistics

Statistics ® L.ow boost ® High boost

Quantum coherence ® Good for neutrals and ® Challenging for neutrals and

Inclusive charm, neutrals and neutrinos neutrinos

neutrinos ® Some Absolute BFs ® Complex and biasing triggers

Absolute BFs

ete” - 1/)(3770) — DD ete” = cc pl_) - CC

e"e” > D EBD 8% + some other + lots of other
ete” - At A Stuff Stuff

BESIII, STCF in the future Belle / Belle 11 LHCDb

35T

D D

<[OULO

BELLE Belle I

LHCD
] )

10




Charmed baryon thresholds

a2

5, 000
........................................................................ EDY) | S
i 1 \,_
............................................... 0.

BESIII energy upigrades:
4.6 GeV (Phase [} 2014)
-2 4.95 GeV(Phase1l, 2021)
-2 5.6 GeV (Phase lll, planned in 2026)
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Production measurement near threshold

PRI 131.191901(2023)

ete— A} A7 cross section are measured at twelve energy points from 4.612-4.951GeV .

+ 9 F.n _n
Ngr (NST 8DT)
b

oL —

T ot F.n
estfisrfvpLinNpT 455

€st
Indicate no enhancement around Y(4630) resonance. =>Conflict with Belle.
| Gz/ Gy| ratio are derived by fitting to angular distribution.

The oscillations on | Gg/ Gy| ratio is significantly observed with higher frequency than that
of the proton. = may imply a non-trivial structure of the lightest charmed baryon.

[ ‘ et - A'K: 15 e*e - AA;
: & BESIII 2018 : <-BESIII 2018 -'-Monopole decrease
400 —— ‘ A Belle ~ L o/ N 0w Threshold  ---Damped oscillation
~ 0 [ Threshold oy Lo Fmmmee s DN
S [ 4 ‘ SN Nl
L — (G) C D e, N PR
b % To, ‘ ‘ ‘ e B NG
200 I §+ | e o P _. ——_1 ‘ - “' _____________
N T T T LT4) -t 0T L
4 T TH L e
0 — L TR SR E . 4.6 4.7 4.8 4.9
4.6 4.7 4.8 49 /s (GeV)
Vs (GeV)
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A¢

First singly Cabibbo-suppressed A} decay involved neutron was observed(7.30).
Absolute BF is measured to be B(A7 - ni*)= (6.6 + 1. 254, £ 0.44y5)x107%,
=>Consistent with SU(3) flavor asymmetry prediction[PLB790,225(2019), ]

=>twice larger than the dynamical calculation based on pole model and CA[PRD97,074028(2018)]:§

__ B(A¢-nnt)
~ B(Af-pn0)

=>Disagrees with SU(3) asymmetry and dynamical calculation (2-4.7) while in consistent with

SU(3) plus topological-diagram approach(9.6).

B(AF - pn®)=(1.567023 + 0.2,,,,)x107*; R = 3.27%3

—smt) (X107

4
C

B (A

> 7.2@90%C. L. (B(Af - pn®)< 8.0x107> @90%C.L.from Belle)

15—

10

A
+ 7
¥
] ¥ BESIII Belle's Limit
SU@3) I A SU@BII
SU(3) 11 W SU(3) O(15)
+ COM (A) COM (B)
¢ ¢ PMCA TDA
| 3 ) " ] |
2 4 6

B (A= pnY) (x107

— nuotand AL - pr®

PRL 128.142001 (2022)

PRD 109, L091101 (2024)

N(nm)=5049

09 1 141 12 1.3

M, (GeV/c?)

Events / (2.2 MeV/c?)
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o
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—T T T

-4+ Data
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-= A‘A. background
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—
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i (b) — - Signal
Inclusive hadronic
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B -~ A'K, background
f * I\ H 1]
remAd RTINS SR LLLbLL
2 2.25 2.3 2.35 2.4

ML (GeV/d)3



First observation of A7 — pm’

Before DNN
] I 1 T ] I T T I I T T T | T T L] |
500 -
i_ —4— Data -
i B A
N 400~ ++ + I Other A!A; decays ]
~ - -
% B Hadron BKG i
= 300F + -
0 B .
~ B .
N’ o -
~ - -
Z 200 + =]
= - put
o +
> L
= C +
100~ (a) H —
- + -
b, ]
e o
nl n n n Nl n n o N n n o I o o o [ 5023
.....................
4 2 0 2 4 6 8
Phys. Rev. D 49, 3417 (1994) | ' '
Phys. Rev. D 55,7067 (1997)
Commun. Theor. Phys. 40, 563 (2003) ®e
Phys. Rev. D 93, 056008 (2016) .
Phys. Rev. D 97, 073006 (2018) | —_—
Phys. Rev. D 97, 074028 (2018) |
Phys. Lett. B 790,225 (2019) | +—e—i
Phys. Lett. B 794, 19 (2019) ._._.
Phys. Rev. D 101, 014011 (2020) '
JHEP 02, 165 (2020) ——
JHEP 09, 035 (2022) —i
JHEP 09, 035 (2022) ._.—.
Phys. Rev. D 108, 053004 (2023) ' —_—
BESIII 2017 (upper limit) —c
Belle 2021 (upper limit) —
BESIII 2023 (evidence) ——
This work —e—i
1 1 1 1 1 1
-4 -2 0 2 4 6 8

BA! - pr®), (x107)

Events / (2.5 MeV/c?)

50

40

30

20

10

an

After DNN
—r r 111 T
%2 /mbins = 45.2/31 —+ Data
— Fit: total
(a) ~ Fit: Al opn”

----- Fit: other A} X;

----- Fit: hadron BKG ]

* First observation of A} — pnt® with significance of 5. 40.
* A sophisticated deep learning approach is employed.

* The absolute branching fraction is measured to be B(A} —
pr®)=(1.79 £ 0.39544¢ + 0.11,,5; + 0.08,,)%.

* Offering essential calibration for theoretical predictions.
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BF measurement of A, - nX

PRD 108.L031101 (2023).

\1/ E bbb 2R O

st | = AJA, background ]

B
]
S
T

(93]
S
(=]
T TTT

Events / 100 MeV

(3]

(o]

S
T

100}

The deposited energy in EMC is used to identify n.
Data-driven technique to model n behavior in the detector.
Absolute BFs are measured to be

B(A; > 1X)=(33.5 £ 0. 7544, + 1. 25y5,)%, precision up to 4%.

All known exclusive process with neutron in final state is about 25%=>more space to be
explored.

Asymmetry between B(A{ - nX) and B(A{ — pX) is observed.
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Experiment & Phenomenon

Predictions and measurements
CLEO(1990) [1] - —1.0707 - - -
ARGUS(1992) 2] - —0.96 + 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 —0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] -0.90 —0.86 -0.76 -0.76 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 0
CLEO(1995) [9] - ~0.947 0 560 o6 - ~0.45+0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] -0.91 -0.94 -0.47 -0.47 -
Tvanov(1998), CCQM [11] —0.97 —0.95 0.43 0.43 0
Sharma(1999), CA [12] —0.99 —0.99 —0.31 —0.31 0
FOCUS(2006) [13] . —0.78 £ 0.16 £ 0.19 - - -
BESIII(2018) [14] 0.18£0.43£0.14 —0.80 £ 0.11 £ 0.02 —0.73£0.17 £0.07 —0.57 £ 0.10 £ 0.07 -
PHYSICAL REVIEW D 100, 072004 (2019) | : = 0
I I v First AT - pK¢. I
[ I
[ I I v' Most precise Af - An*. I
| Measurfments ;)f weilk dfc%y asym1(1)1et+r1es i v' The sign of A - .
I of A} > pK° Ax*, 2*a° and X'z |
L----------------I

Renaissance on the charmed baryon decay asymmetry from 2018!
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Experiment & Phenomenon

Predictions and measurements i;g 2?‘ aig_"+ i; ! I ig_K+ :
CLEO(1990) [1] - ~1.070] - - I - Il
ARGUS(1992) [2] i —0.96 + 0.42 - - I :
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 I 0 1
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0 |
Cheng, Tseng(1992), Pole [5 -0.49 —0.96 0.83 0.83 I - I
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 | - ]
z'encaykowski(1994) Pole [7] ~0.90 ~0.86 ~0.76 ~0.76 1 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 | 0 I
CLEO(1995) [9] - ~0.947 0 56 0 o6 - ~0.45 £ 0.31 £ 0.06 - I
Alakabha Datta(1995), CA [10] -0.91 -0.94 —0.47 —0.47 I - |
Tvanov(1998), COQM [11] —0.97 ~0.9 0.43 0.43 i 0y
Sharma(1999), CA [12] —0.99 —0.99 —0.31 —0.31 | 0
FOCUS(2006) [13] - —0.78 £0.16 £ 0.19 - - e |
0.18£0.43£0.14 —0.80 £ 0.11 £ 0.02 —0.73 £ 0.17 £0.07 —0.57 £ 0.10 £ 0.07 c
Geng(2019), SU(3) [15] ~0.89707 ~0.8740.10 ~0.35 £ 0.27 ~0.35 4 0.27 0.947,
Zou(2020), CA [16] —0.75 —0.93 —0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £0.005 £ 0.003  —0.463 £0.016 £ 0.008  —0.48 £ 0.02 £ 0.02
Zhong(2022), SU(3)* [19] —0.57+0.21 —0.75 4 0.01 —0.47 4+ 0.03 —0.4740.03 0. 91+g o
Zhong(2022), SU(3)" [19] —0.29 4 0.24 —0.75 £ 0.01 ~0.47 40.03 ~0.47 40.03 0.99 +0.01
Liu(2023), Pole [20] —0.81£0.05 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £ 0.04 0.95 £0.02
Liu(2023), LP [20] —0.68 £ 0.01 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £ 0.04 :

|_____________________I

I\/ The decay asymmetry parameter of Af - E9K* significantly changed from O to almost 1. I

I\/ Quite urgent to validate experimentally. I

————————————————————A
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Decay asymmetry for pure W-exchange process Af — E°K*

Phys. Rev. Lett. 132, 031801(2024)

Theory or experiment B(A}f - Z°K*) azog+ |A] |B| dp — 8

(x1073) (x1072Gp GeV?) (x1072Gx GeV?) (rad)
Korner (1992), CCQM [7] 2.6 0 - -
Xu (1992), Pole [8] 1.0 0 0 7.94 i
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] 3.870:% 0.9170.03 3.240.2 8.7196 -
Zhong (2022), SU(3)® [13] 5.015:5 0.99 + 0.01 3.3%5:2 12.3112 -
BESIII (2018) [14] 590 +£0.86+0.39 - - - -
PDG Fit (2022) [3] 5.5+0.7 - - - -
* At - EOK* is pure W-exchange process which have significant € - % - s
contributions in charmed baryon decay. Add— W u}E"
c C:§
° Nonfactorizable W-exchange diagram cannot be calculated using (u - WK
theoretical approaches. u - u}
=0
c —> > S (=
° Long-standing puzzle on how large the S-wave amplitude. A §W+ s
PR S
° Experimental measurement of decay asymmetry is crucial and
urgent. FIG. 1. Feynman diagrams for A} — Z°K™*

2025/8/6 18



Decay asymmetry for pure W-exchange process Af — E°K*

app =

2Re(s*p)
[s[2 + |p[*’

2Im(s*p)

s2+[p)2” TEF

,BBP =

Level Decay Helicity angle Helicity amplitude
0 efe” = AT(M)AZ(N2) (60) Ay s
1 AT 5 E°(\) KT (61,61) B,
2 =05 A(Ng) 0 (62,02) Chy
3 A — p(A,s) T (03,¢3) Dy,

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

sinAgsinfocosfo oo x+ sinfisingy

sinAgsinfgcosfpa ,  05ind;sing; cosby
sinAgsinfocosfoozo i+ p 0 o sinf;sing; cosfs
sinAgsinfgcosfg Qpr sinfsing cosfzcosbs3

sinAgsinfpcosfp/1 — aiﬂo Q- sinf;sing;sinfzsinfzcos(A, .0 + ¢3)

sinAgsinfgcosfo /1 — aéoKJr o, ocosprsinfasin(Dgo o+ + P2)

sinAgsinfocosfp /1 — O‘éOK+ oy ocosfisingsinfacos(Dgo 4 + P2)

sinAgsinfocosfo /1 — O‘éOK+ Q.- cosé’lsin¢1sinegcos(AEOK+ + ¢2)cosf3

sinApsinfgcosfp /1 — Q;OK+ [ cosp18infasin(Azo i+ + $2)cosds

sinAgsinfgcosfo /1 — a;OK_‘_ V/1— O‘i,,o @, — cosbisingisin(Ago g+ + ¢2)sinbssin(A, o + ¢3)
sinAgsinfpcosfp /1 — a;OKJr 4/1— aiﬂo a,,.— cosfysing1 cosfacos(Ago ye+ + P2)sinfzcos(Ay 0 + ¢3)
sinAgsinfgcosfp /1 — aéoKJr \/1— aiwo - cos¢p1c0s(Ago g+ + P2)sinfssin(A, o + ¢3)

sinAgsinfocosfp /1 — aéok+ \/1— aiwu [ cos¢1costasin(Ago g+ + ¢2)sinfzcos(A, 0 + $3)

_lsf2 — Ip?
s+ [pl?

Phys. Rewv. Lett. 132, 031801(2024)

=0 rest frame

=0 rest frame A rest frame

* The joint angular distribution
for Af - EYK™ is derived
based on helicity amplitude.
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Decay asymmetry for pure W-exchange process Af — E°K™

60

40 + +
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Physical Boundary

a0 -(BESIII) & BF(PDG)
Korner(1992), CCQM
Xu(1992), Pole
Zencaykowski(l994), Pole
Ivanov(1998), CCQM

4> meo

m O ® Vv iaA ¢ X ’:.‘10

Sharma(1999), CA
Geng(2019), SUB3)
Zou(2020), CA
Zhong(2022), SUG)"
Zhong(2022), SUG3)’

O o

940>

|
e

2 4 6
Branching Fraction(x 107

r

Phys. Rev. Lett. 132, 031801(2024)

* From the fit, we obtain azog+ = 0.01 £ 0.164,; *
0-O3syst and ﬁEOK+ - _064 i 0-695tat i 0'135ySt
and ygog+ = —0.77 & 0.584;4; £ 0.11,;

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

(my+ —mezo)? —m3,

_ BAY - EK*) |5 [(mAj +mzo)? —mi, AP+
TA+ 8 mf\j mij
s — 2k|A||B|cos(d, — 65)
= |A? + £?B]?
2k| A||B|sin(d, — d5)

Agog+ = arctan AZ — r2[BE

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

° Fills the long-standing puzzle on how to model
azop+ and B(AY - E°K*) simultaneously.

|BI?]
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Experiment & Phenomenon

- pk? x+ 0.+ + 0 =0+
Predictions and measurements At 2 - i - i - N j_K
CLEO(1990) [1] - -1.0707 - - -
ARGUS(1992) 2] - —0.96 £ 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 -0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 —0.49 —0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] ~0.90 ~0.86 ~0.76 ~0.76 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 0
CLEO(1995) [9] - ~0.947 0 560 o6 - ~0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] —0.91 —0.94 —0.47 —0.47 .
Ivanov(1998), CCQM [11] -0.97 -0.95 0.43 0.43 0
Sharma(1999), CA [12] —0.99 —0.99 —0.31 —0.31 0
FOCUS(2006) [13] - —0.78 £0.16 £ 0.19 - - -
BESIII(2018) [14] 0.18£0.43£0.14 —0.80 £ 0.11 £0.02 —0.73 £ 0.17 £0.07 —0.57 £ 0.10 £ 0.07 -
Geng(2019), SU(3) [15] ~0.8970%® ~0.87+0.10 ~0.35+0.27 ~0.35+0.27 0.94F0-0
Zou(2020), CA [16] —0.75 —0.93 —0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £ 0.003  —0.463 £ 0.016 £ 0.008  —0.48 £ 0.02 £ 0.02 -
Zhong(2022), SU(3)* [19] —0.57+0.21 —0.75 £ 0.01 ~0.47+0.03 ~0.4740.03 0.91700%
Zhong(2022), SU(3)" [19] —0.2940.24 —0.75 £ 0.01 ~0.47 4+ 0.03 ~0.47 4+ 0.03 0.99 4 0.01
Liu(2023), Pole [20] —0.81£0.05 —0.75 £ 0.01 —0.47 £0.01 —0.45 £ 0.04 0.95 £ 0.02
L . —0.68 £ 0.01 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £ 0.04 ?
BESIII(2023) [21] - - - - 0.01 £0.16
Geng(2023), SU(3) [22 —0.40 £ 0.49 —0.75 £ 0.01 —0.47 £0.02 —0.47 £0.02 —0.15 £ 0.14
Zhong(2024), TDA [23 0.01 £0.24 —0.76 + 0.01 —0.48 £ 0.02 —0.48£0.02 —0.16 £ 0.13
Zhong(2024), IRA [23] 0.03£0.24 —0.76 £ 0.01 —0.48£0.02 —0.48£0.02 —0.19£0.12
PDG (for now) [24 [70.20 £ 0.50 (only BESIII) —0.84 £ 0.09 —0.73 £ 0.18 (only BESII) —0.55 £ 0.11 -
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Discussion on At - E°K™

Strong phase shift: —1.55 + 0.25 + 0.05 or 1.59 + 0.25 + 0.05| a « cos ~0.02

Very different from hyperon decays mmmp strong phase ~ 0
A - pr~

a=+0.65+0.02 .
B==0.10+0.07 Parameter Thiswork

(1.2+3.4+0.8)x107%rad

lp |/|sA| : ;;gciaifl/a )=9.07%5.5° Op—0s (-4.0£3.3+1.7)x10%rad Strong phase shift

Phys. Rev. Lett. 19, 391 (1967) Nature 606 (2022) 7912, 64-69

Only a few y=+0.75 +0.02 £-¢
measurements g/a=-0.16+0.10 P 5s

Strong phase shift can be induced by re-scattering processes and loop effects.

v After consider the strong phase shift:

A. Observed channel 2 - X*tK~ should have phase shift similar to AT - 29K+,

B. Topological diagrammatic approach leads to a large a of order -0.93 for the

decay Ef - E%%* even after the phase shift effect is incorporated.
Further confirmation is needed! arXiv:2310.05491
arXiv:2404.01350
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~ 2Re(S'P)

04

SI* -+ P*

_ 2[S][P| cos(sp — 5)

p =

~ 2Im(S'P)

SI* +

1

S + P

PP

’y:

SI* — |P[*

_ 2IS||P|sin(3p — bs)

b

SI? + |P?

SI* + |P/

Oop — 0s = 2arctan

ScienceBulletin 02.030(2025)

Sl — ‘S’ei557

B x sign

\/ o2 + B + o x sign

Pl — |P’ei5P’

2SP cos(dp — Os) 2SP sin(dp — ds) ~ . ~ .
= By ==, Sei’s P, — pelor
S? +|PJ? S +|PJ? R
. o . 1 10 — A| C 10p
o3 = sin(2¢) cos(Sp — Js), B3 = sin(2¢) sin(ép — Js). \A|sin{e"™ P3 = |A|cos{e"".
Table 1
Summary of experimental data on the parameters a, 8, and ¢ and the phase shift, §p — ds, in various two-body nonleptonic decays of the A and E hyperons and singly charmed
baryon A/.
Experiment Process o or (o) B or (B) ¢ or (¢) op — s Value dp — ds (rad)
(rad) (rad) of sign Eq. (10) with Eq. (10) with
sign=1 sign=—1
A from - p (1963) [14] A —pm 0.62 +0.07 -0.18+0.24 e —-0.26 4+ 0.35° Unknown -0.28 +0.36 2.86 +0.36
A from m—p (1967) [15] 0.645+0.017 -0.103+0.065 -0.14+0.10 -0.16 £ 0.10° Unknown -0.16+0.10 298 +0.10
E756 (2003) [18] " - An- -0458-+0.012 -0.03+0.04 -0.03 +£0.05 0.06 +0.09 +1 —3.08 +0.09 0.06 +0.09
HyperCP (2004) [19] -0.458 £0.012 —-0.037+0.015 -0.041+0.016 0.080 +0.032 Unknown  —3.062 4 0.031 0.079 +0.031
BESIII (2022) [20] —0.373 +£0.006 Positive 0.016 +£0.016 —0.040 + 0.037 Unknown 3.102 +0.036 —0.040 +0.036
BESIII (2022) [21] —0.350 +£0.018 Positive 0.073 £0.052 -0.20+0.13 Unknown 2.95+0.13 -0.19+0.13
BESIII (2024) [22] —0.371 £0.004 Negative —0.013 £ 0.008 0.033 +£0.023 Unknown  —3.109 + 0.025 0.033 +£0.025
BESIII (2023) [23] =0 _, Az0 —-0377+£0.003 Positive 0.005 +0.007 —-0.013 +0.017 Unknown 3.129+0.017 -0.012 +£0.017
LHCb (2024) [24] Al — Ant —-0.785+0.007 0.378+0.015 0.656 +0.027 2.693 +0.017 Unknown 2.693 +£0.015 —0.449 +0.015
LHCb (2024) [24] A/ — AK* -0516+0046 0.33+008 2.75+0.11 2.57+£0.19 Unknown 2.58 +£0.12 -0.56+0.12
BESIII (2024) [13] Al — Kt 0.01 +£0.16 -0.64+0.70 3.84+0.90 —~1.55(1.59) +0.25" +1 -1.55(1.59)+£ 025 1.59(-1.55) +0.25
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Methods for measurement

» The definition of polarization parameters:

If s and p can be
_ 2Re(s™p) _ 2Im(s"p) ~ Is|2 — |p|? measured directly, all

a = = Yy =
|s|* + |p]* |s|* + |p]* s|* + |p]*

Partial wave analysis is a good choice for multi-body decays.

P i
— .Pw A B Developed and updated by Yi Jiang @ UCAS

A general and user-friendly partial wave analysis B Home page: https://github.coml/jiangyi15/tf-pwa
framework

: : v Polarization parameters
s and p of all intermediate resonance states ‘

v' Branching fraction

information will be derived.

24


https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa

Methods for measurement

Partial wave analysis of the charmed baryon hadronic decay A¥ - An*n®

JHEP12(2022)033

o | —— Data e Py

% 1000 BT T Tt

> F— Ap(770)* = 400 3 400

o) NORl(n+1:°)+A 6] N O -

@[ wasmor g g

= sool —®E07507 = : = .

S L raeny < 200 f < 200

= L — 2(1750)° S i = I
s | : 2 g
e I = S o = B
(iS04 06 0F 1 @ 12 1284 6 1& 2 20 92 14 16 18 2 22
M., (GeV/c2) M, (GeV/c?) Mo (GeV/c?)
" " IMore multi-body decays are underway! I
Bé?;:’jx”jog)) (572 +4.2+4.9)% I
ToATtT v A+ N K_7T+ v A+ N AO + I
B(A} »¥(1385) " 70)-B(£(1385)* —Ant) c p c m'n
(AF -5 3()Ag_,)A,,(+,f0) )t (7.18 + 0.60 + 0.64)% I s P ..
| KR A o 3t
B(AL O3 L BC 30 ) (7.92 + 0.72 + 0.80)% A Ae > 27m'm
‘ + 0.0 -

B(A; — Ap(770)1) (4.06 £ 0.30 + 0.35 £ 0.23) x 102 I v A7 - pKim vV At -5 Intnt I
B(AF — £(1385)t70) (5.86 £ 0.49 £ 0.52 4 0.35) x 1073 I v At = nKOrt v I
B(AF — $(1385)07) (6.47 + 0.59 % 0.66 £ 0.38) x 10~3 ¢ 5 B

QAp(770)* —0.763£0.053 £0.045 I The a of all intermediate two-body I
O53(1385) + 70 ~0.917+£0.069 £ 0.056 I processes will be measured! I
a2(1385)0ﬂ'+ —0.789 £ 0.098 + 0.056
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AL polarization on BESIII

ar
deosty deost) dcost, dgy dy
o]+ a0c05200

+41- asinfycostsinAgsing sing;cost

CM frame AF rest frame + \[1 - Q%UASiHHOCOSOOSinAOCOSGI sing sinéh \,1 - af\:COS(AA: +é)

+ 1 - adaysindcosipsinAcosgysind 1 - afv sin(Ays +¢2)
¢

: ¢ + /1 = aba,+sinfocoshpsinAgsingy sing;
CM frame A/ rest frame ; S
g + 0@ €08 Bcosth

+ e Costh,

A rest frame A(Z*) rest frame

dr
dcos0,dcos0,deg, o 1+ agcos® By + Azt fl — adsinfycoshsinAysinfsing

angular information from experiment

A% polarization parameters

A7 initial transverse polarization parameters

Py 0o) = c /1 — aZsinfycosbysindg

energy depended, relate to the form factor ete™ - AtA;
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New A} polarization on BESIII

— Transverse polarization with energy from 4.60-4.95 GeV combined with
Af - pK~nt channel(fixed all decay info. with LHCb input).

— Update 4 two-body decays polarization parameters with higher precision

— Strong/Weak phase shift

— a-induced CPV observables

1.00 + E -
||||||||||||||||| [TT T T[T T T T[T T T T [ TTTTTTT1q = Xu(1992), Pole A:_)A"‘f
r — 0.75 1 Cheng, Tseng(1992), Pole 175
:_ . . _: « Cheng, Tseng(1993), Pole "‘> +
~ +BESH12024 +BE51112019 - 5o % Sommosttinid ) (0N 3
@l B . . — Zou(2020), CA w 15.0
RITF Zero or significant? 1 5 oz . Liu(2023), LP Q
ior 3 : Geng(2019), SU(3) o 12.5
= + ] 0001 + Zhong(2022), SU3)* =
- - - . . o
= F — 2| Predication about A + Zhong(2022), SUGY = 10.0
0 .:- ............................................................................. -_ Zhong(2024), TDA E "
C . i CLEO(1995
IIIII | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 I 1111 I 11 14 —0.50 - pred|ct|0n(2021) ( ) 7-5
455 46 465 47 475 48 485 49 495 o | = irediciontagan
1s (GeV) 050 465 470 45 amo 4Bs a0 465 2 3 4 5
VE (GeV) |A] (x10~2G¢GeV?)

Eur. Phys. J. Plus 136, no.9, 949 (2021) .
Chinese Physics Letters 41, 021302 (2024) coming

2025/8/6
soon!



An upgrade of BEPCII (BEPCII-U) has been approved in July 2021 and planned to be

Proposal of the upgrade BEPCII

completed by the end of 2024
v Improve luminosity by 3 times higher than current BEPCII at 4.7 GeV
v Extend the maximum energy to 5.6 GeV

1x 1031

Peak luminosity (cm™s™")

2x10%}

8x 10% |

6x10%

4% 103

Upgrade BEPCII
(BEPCII-U)

BEPCII

B
@ e L T4
.r oy °®
\ o
\\?.
o
L J
W : ' .
2.0 3.0 4.0 5.0 5.6
Ecm (GeV)

Capable of finishing the proposed luminosity
of A} data in shorter time

1490 =» 600 days

R
\
\

Energy Physics motivations Current data Expected final data Tc /| Ty
4.6 - 4.9 GeV | Charmed barvon/XY Z 0.56 fb~! 15 fb="! 1490/600 days
cross-sections at 4.6 GeV at different \ s
4.74 GeV Y TA- cross-section N/A 1.0 fb-! 100/40 days
1.91 GeV Y. Y. cross-section N/A 1.0 b~ 120/50 days
4.95 GeV =. decays N/A 1.0 fb~! 130/50 days

BESII
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Heavier charmed baryons

a2
e
() i
0‘0 &
(a)
2f
1 L
* Energy thresholds
v ete~ - AYE: 474 GeV Cov?r all the ground-sta.te charmed baryons:
v ete 5 AIE.mw  4.88 GeV studies on their production & decays, CPV search,
v ete” X, X, 4.91 GeV to help developing more reliable QCD-derived
v ete” - E. E, 4.94 GeV models in charm sector
v ete” - 0907 5.40 GeV  Studies on the production and decays of excited

charmed baryons
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Future opportunity at LHCDb
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» Further improvement on mass and lifetime measurement

» SCS and DCS hadronic decays
o eg EY>pK . Ef - pK¢. 20 > AKg. pK~

» Semi-leptonic decays via b-baryon four-body decays
o eg. A > pK putv,pr putv; 20 - E-utv; EF 5 Autv; 22 - 0 utv

» Decay asymmetries and CPV search via prompt production or b-baryon decays
o eg. Af - pKg, An*, AKT; 20 > AKg, 2 nt, E°K; 20 > Q0 nt, Q" K*, Emt

» Amplitude analysis of multi-body hadronic decays



Super Tau-Charm Facility (STCF)

e (T Damp ng

2018 | 20192020 | 2021 | 2022

= | Form collaboration

=\ Conception design

CDR
R&D
(TDR)

Construction
. 35 o ' d Operation

. Ecm-2 7GeV L=0.5x10%5cm? s-

+ Potential for upgrade to increase L and realize polarized beam Upgrade

 Site area: 1 km?

Anhui provice and USTC have officially endorsed 364M RMB R&D project of
STCF, and great progress is achieved; the site is preliminarily decided in Hefei,
and geological exploration and engineering design is ongoing.

Will apply for the construction (~4.5B RMB) during the 15t five-year plan (2026-

2030) from central government.
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Summary

In the past year, many important results of charm baryon decays
were reported by BESIII, Belle, and LHCb.

Non-perturbative QCD is the main challenge. The theoretical

calculations are hard for the Hadronic charm baryon decays.

— Tools are improving.

— Collaborations between theorists and experimentalists are crucial for
accelerating research.

The future of charm is promising. Lots of high quality data coming
our way: LHCDb, Belle 11, BESIII(+upgrade)

A dedicated charm facility, STCF, has been proposed in China. The
R&D project with 364M RMB budget has been officially supported
by Anhui province and USTC.
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