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Charm baryon spectrum

@ Single Charmed Baryons
o The established A 336, By Qe
e More excited states being explored

@ Doubly Charmed Baryon =1 observed

@ Triply charmed baryons?
o A the bound states
o Important for bottom baryon study

@ A heavy quark (c) and an unexcited
spin-zero diquark(u — d)

e HQET: diquark correlation is enhanced by
weak color magnetic interaction with u g
heavy quark .,\. |

o Invoving both strong and weak s
interactions full fill the information for .

(a) Charmed baryons
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Spectroscopy is well
described by the]
quark-diquark model
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A} weak decay

@ Trick in theory

o AF right in the perturbative energy region
e Both factorizable and nonfactorizable diagram involved in the AF decay

@ Many phenomenological models are developed to explain the data and predict observables

HQET, factorization
Constituent Quark Model, pole

SU(3) quark flavour symmetry,
topological diagram (paramarized, fit to
data)

LQCD (First principle) iseioneane

w.
model+current algebra g
M

color-favored tree

©) ©)

color-suppressed tree color-commensurate

fac + nonfac non-factorizable

Chiral perturbation theory . in 5l . HE !

(E)
W-exchange

non-factorizable

henghui Zen

(B) (P)
Bow tie penguin

non-factorizable neglected
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BEPCII and BESIII
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BEPCII

2021 energy upgrade to 2.48 GeV
* 2004: started BEPCII upgrade,
BESIII construction
AN 2008: test run
DN 2009-now: BESIII physics run
4 + 1989-2004 (BEPC):
§  Lpeak = 1.0x10%' cm™2 .51
* 2009-now (BEPCII):
Lpeak = 1.1x1033 cm™2 - s71
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BESIII

Superconducting solenoid
10T

W 9 layers (barrel) + 8 layers (end-cap)| ® 9t = 90 ps (barrel)
B g, = 65 ps (end cap)

{Time Of Flight (TOF)}

\ |

K A

Pl S ——
« [ Main Drift Chamber (MDC)
B g,, = 130 um
B AE/E = 2.5% @ 1.0 GeV B AP/P = 0.5% @ 1.0 GeV
W gy, =0.6cm@1.0GeV B 04r/ax =6—7%
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Data Samples

Phys. Rev. Lett. 131, 191901 (2023)

[ T ere > Atk
L -+ BESIN 2023
400 <-BESIN 2018
Belle
'E'; 1 Threshold
° 00 1y To ‘oo
v ..
0 L L L
46 47 4. 49
Vs (GeV)

Sample Ecms/MeV ZLignanalpb '
4610 4611.8620.12+0.30 103.650.05+0.55
4620 4628.00:0.06:0.32 52153:0.11:2.76
4640 4640.9120.06+0.38 551.65%0.1242.92
4660 4661.2420.06+0.29 529.4320.1242.81
4680 4681.92+0.08+0.29 1667.39+0.21:8.84
4700 4698.8240.10:0.36 535.5420.1242.84
4740 4739.7040.20:0.30 163.87:0.0740.87
4750 4750.0540.12:0.29 366.5520.1041.94
4780 4780.5420.12:0.30 51147:0.1242.71
4840 4843.0720.20:0.31 525.1620.12:2.78
4920 4918.024034:0.34 207.82:0.08:1.10

4950

4950.9340.3620.38

159.2840.07:0.84

Chin. Phys. C 46, 113003 (2022)

In 2014, BESIII took 35 days data at 4.6 GeV with
luminosity 0.587 fb~! ~ 0.1IMAT A,

@ During 2020-2021, BESIII took new data samples at
charm baryon pair threshold
@ Two major changes in BEPCII machine:

o Max beam energy: 2.30 — 2.35 (2020) — 2.48 GeV
(2021)

o Top-up injection: data taking efficiency increased by
20-30%

o New data samples taken during 2021-2022

o 3.9fb~! scanat4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV
(186 days in 2020) ~ 0.66MAF AZ

o 1.93 fb~! scan at4.74,4.75,4.78, 4.84, 4.92, 4.95
GeV (99 days in 2022) ~ 0.2IMAF AL

@ Accessible to ZL./E(/AL* production and decays
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Pair production and tag method

e ete™ — v — AFA; : production without
accompanying hadrons near threshold @
@ Clean backgrounds and well constrained kinematics
AE = E‘Af - Ebeam \ 2| -
p 2 et

o Single Tag (ST) method: detect one of the AT A
o Higher efficiencies, relative higher background @

o Full reconstruction

o Double Tag (DT) method: detect both A A
o Lower efficiencies, relative lower background
o Partial reconstruction:

@ undetectable particles in the final state: v, n, Ki,
o Systematic uncertainties are mostly canceled
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Recent physics results




Recent studies on A" hadronic measurements at BESIII

@ AJ hadronic decays (two-body)
AT — nrt Phys. Rev. Lett. 128, 142001 (2022).
AY — pr/ Phys. Rev. D 106, 072002 (2023).
AT — pn,pw JHEP 11, 137 (2023).
T — pn® pn Phys. Rev. D 109, L091101 (2024).
AT — AKT Phys. Rev. D 106, L111101 (2022).
AF = 20kt mtkO Phys. Rev. D 106, 052003 (2022).
AF — 20K+ Phys. Rev. Lett. 132, 031801 (2024).

© ©6 6 6 6 0 o
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e AJ hadronic decays (multi-body)
AF = DHKTK— St ¢, StK T~ (70) JHEP 09, 125 (2023).
AF = nreta® nnt =t nK—nta— Chin. Phys. C 47, 023001 (2023).
AF = nKdn+ nKIK+ Phys. Rev. D 109, 072010 (2024).
A - ax Phys. Rev. D 108, L031101 (2023).
AF = Axta0 JHEP 12, 013 (2022).
— Akt AR+t Phys. Rev. D 109, 032003 (2024).
A - 2—Ktat Phys. Rev. D 109, L071103 (2024)
AF = 2Kt 70 nk 70, SOK+ 70 AK+ 70 Phys. Rev. D 109, 052001 (2024).
AT — nKdnt 70 Phys. Rev. D 109, 053005 (2024).
AT = Axty arXiv:2407.12270.
A = pKY o, pK) gn =, pKy (m° JHEP 09, 007 (2024).
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First observation of SCS A} — nrt

o First observation of SCS Al — nn™ with a
significance of 7.3

o BF is measured to be
B(AF = nrt) = (6.6 £ 1240, £ 0.44,.) x 107*
@ ’Bones’ from recoil mass spectrum
o B(AF — Ant) =
(1.31 % 0.0844r. & 0.055y57.) X 1072
o B(AF — X071) =
(1.22 £ 0.08s1ar. £ 0.075y5.) X 102 Consistent
with previous measurements from BESIII
_ B(A:’%rm‘*’) . .
e R= BT gy 7.2 at 90% C.L. with the input
from Belle B(A — p7°) < 8.0 x 107> at 90%
C.L.

Charmed Baryon Decays at BESIII

Events / 10 MeV/c?

Phys. Rev. Lett. 128, 142001 (2022).

= + data
120 e Ao 7
100: 3 | eeA-Aw
80 ¢ <vux background
60

40 F
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Measurement of A — pr*, pn, p1/’, pw

Phys. Rev. D 109, L091101 (2024).

15
o First evidence (3.70) of AT — pr® with i
B(AF — pr®) = (1.5670% £0.20) x 107* ~ |
AN
-
. B(A'_"—mrr'*') +2.2 x 10 A
@ Ratioof R ==—"<——+ =32 =
B(AT —pn0) —12 BB Ly
o Consistent with most of phenomenological +<L allx FBESI sdlesLimit
predictions o 5f e T L)
o Contour plot shows the importance of considering [ * + oo d ?g?gmm
O(15), which link to nonfactorizable contribution L * ) M .
0 2 4 6 8
JHEP 11, 137 (2023). Phys. Rev. D 106, 072002 (2023).
< N, N N, gl Nopo
z R aw | Tl | 4 . 9
Sl —m | 2 —nrw | Sonr fitros : ¢
g --- background g ----background : o0l -~ background § § )
2 2 ¥ S0 ",
= s e ", b oM
D TR T R K X TRk ) TR R R TR X ) 758 33 Mgy (GEVIE) Mgy (GEVIC)
My (GeVic?) My (GeVic?) My (GeVic?)
+ — -3 + AN +2.46 —4
o B(AF — pn) = (1.57 £0.11gu. £0.044.) x 10 o B(AT —»pn') = (5.62_204) x 10
o Consistent with the Belle
e Most precise measurement to date measurement
+ _ 3 o Higher than the Constituent Quark
° = (1. . .07 gys e
B(A = pw) = (1.11 £0.2054. 0.07 5. ) x 10 Model-prediction
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Measurement of Af — AK™

Phys. Rev. D 106, L111101 (2022).

@ Measurement relative to the CF decay A7 — Ar™

& oooF T T T T
[
_ B(AF oAk = 200f o
o R= BN = (4785034 £020,)% Sl o
o Consistent with (7.4 £ 1.0gr. & 1.24y5.)% from @ 40k zfc”:g‘wund
Belle and (4.4 £ 0.4gr. & 0.3gy5.) % from Babar ‘(\,‘) 120F e AEx

o Naive estimation of factorizable
contribution~ (tan 6.fx /fr)? = 7.6% and careful
calculation Ry = (7.43 £0.14)%

o Different from A, decay:
B(Ay = ATK™)/B(Ay — ATn™) =
7.31 £ 0.1651ar. £ 0.165y5. %

o Is the nonfactorizable contributions in A" decay are
important and being underestimated?

o B(AF — AKT) = (6.21 £ 044y, £ 026, & 0.34)%

o Significantly lower (~ 40%) than the predictions based on SU(3) quark flavour symmetry,
Constituent Quark Model and current algebra

R A TABLE I.  Theoretical predictions on the branching fraction of
Al = o Al - AK*.
w "11» — @
TS0 Theoretcal prediction: B(Af > AK*) (x107)
® SU(3) flavor symmetry [8] 1.4
! T = W " - i Constituent quark model [14] 12
A~ ~ - o B H p— ' Current algebra [15] 1.06
( - - 2',‘ (=) Diquark picture [16] 0.18-0.39
é‘ e |, i \—,,' SU(3) flavor symmetry [17] 0.46 + 0.09
(© () N
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Measurement of A} — XK, STk

@ Two SCS decays only receive non-factorizable ¢ e
o 3
contributions 2.,
+ 0 g+ % £
o R _ BUF—=%kt) z, P
B(AF »507+) 2 i
(0.0361 + 0.00734r. £ 0.0005ys:.)% 22 Bwid® P
o R — B(Aj’*}E*’K}Y)) _ - 15=4.600~4.699 Gev. ©
T B(AFostatao) T 3w H
(0.0106 = 0.0031 4. £ 0.00044ys:. )% S =
£ 10 2
B &
o B(Af — ¥kT) = g g ‘ 1
(4.7 £ 0.9gar. £ 0.15y5. £0.3,.) x 107 T ey
e B(Af — E+Kg) = B(Af — XK*) B(A: - £*K2)
—4 -
) § QCD corrections [2] 2(8) 2(4)
(4.8 + 1Ldgar. 0244 :::_0'3'4') x 10 MIT bag model [3] 72418 72418
. 5 + 50 Diagrammatic analysis [4] 55+£1.6 9.6 24
o First observation of AC - X KS SU(3) flavor symmetry [5] 54+07 54+07
o B(AF — ZOK) is consistent with the Belle ~ IRA method (6] 50+06 1004
PDG 2020 [28] 52408

and Babar measurement
o Consistent with the SU(3) quark flavour
symmetry prediction
_ BAf 2%t
*R= BAF —»s+K)) T
(0.98 £ 0.35410r. £ 0.044,5:. = 0.0gmf‘)

@ Korner-Pati-Woo theorem is confirmed

Shenghui Zeng Charmed Baryon Decays at BESIII
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Decay asymmetry for A} — Z0K+

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

e AF — ZKT is pure W-exchange process and highly ¢ W s
. 44 =0
contributes to the A} decay AHd 4=
@ nonfactorizable contributions can not be calculated with i C:f, K*
phenomenological models iy "
o Long-standing puzzle on how large the S-wave amplitude. A C:Z:S =
A} .
W C 5
S -
d u} K*
Theory or experiment B(A} - E°K*) (x1073)  amogr |A] (x1072Gf GeV?) |B| (x1072Gf GeV?) §, — &, (rad)
Kormer (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] 13 0
Geng (2019), SU@) [12] 5709 094199 27+06 16.1+2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
Zhong (2022), SU(3)¢ [13] 38794 0.917393 32£02 87108
Zhong (2022), SU(3)? [13] 50708 0.99 +0.01 3.3193 12342
BESIII (2018) [14] 5.90 £ 0.86 = 0.39 - -
PDG fit (2022) [2] 5507

o Experimental measurement of decay asymmetry is crucial and urgent.
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Decay asymmetry for A — Z0K+

2Re(s*p) 2Im(s*p) b
o — — €00,
BP [s]2+|p2 ﬂBP 0

SE+pl? TBPT Ty = ]
2= |p|? N T
Ber = pSin App ypp =

ol 1 o

M frame A¢ st frame

Kt =
A
A

A? st frame = rest frame

Events/0.1
oy
-
+
-+,

+0+a
+(14a

+ (1 + ageos’

by
:
4

nd5c08(8 50 + 63)

o cos6, =, L. B
0 HT L
et o
(Ayq0 +63) Polar angle Azimuth angle
N Level Decay Helicity angle Helicity amplitude
— cosdysinsindicos 0 ete” = AT(M)AZ () (60) Az
oncs + daloosts 1 AZ = E'ONs) KT (61,¢1) By,
cosbusndusin(Anoncs + dalsindasin(d .o +3) 2 E° 5 AQ) 7 (82,¢2) Cx,
costysing: cosd. scos(A 0 + 63) 3 A — p(As) 7™ (63,¢3) Dy

0 +93)

- cosércosdysin(Agayc+ + 62)sindscos(A 0 + 63)
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Decay asymmetry for A} — Z0K+

Physical Boundary

Sharma(1999), CA
Geng(2019), SUG)
Zou(2020), CA
Zhong(2022), SUG)
Zhong(2022), SUG)’
1 | |

@ a=og+ is consistent with zero .
o Strong identification from theoretical predictions ’

n

@ Decay asymmetry results: 1 ——
0 azog+ = 0.01 £ 0.164. £ 0.034. [T e ccon
o Agog+ = 3.84 £ 0.90gr. & 0.17gs. 05T ek, poe
o Boog+ = —0.64 £ 0.69q. & 0.134. g ptmeeme L
0 Yoogxt+ = 0.77 £ 0.5851ar. & 01154, S ook mo e vy QI

L. _ B(AF 5 EKY) R [(m\: +mae)? —mE, A+ (myy —mzo)? —mi. |B\2] -4 " , :
=R+ = _ el = 2
Tat 81 LOY: M+ Branching Frnction(><10”)

2k| A|| Blcos(3, — Js)

erger — 2| FHEOROs —ds)

EOK+ TAF + #%| B2
24) A|| Blsin(s, — &
Agog+ = arctan 2HAIIBIsinG, — 8,)

[A]? - 2B
@ More importantly, the cos (6, — dy) is measured close to zero
o Not considered in previous literature
o Fills the long-standing puzzle on how tp model the avmogx+ and B(AT — Z°K™)
simultaneously
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Measurement of AS — AK+ 79 AKTatr—

Phys. Rev. D 109, 032003 (2024).

@ Two SCS decays were measured relative to the CF ¢ 400F T T
_ BAS oAkt > 350 . —+ Data
conunterparts R = BT SAntal) — % wf (a) — Toan
(2.09 = 0.394. %+ 0.07,.) x 1072 < 2s0f JRi S —
R = BOAF ARt rT) 2 200 e O sty
- B(Aj’%A‘/rJFTr*Tr*) - L% 150 -
(1.13 4 0.41ga. £ 0.064.) x 1072 100 %
o B(AF = AKT ") = 3 o
(1.49 £ 0.275ar. £ 0.054,5. £0.08,.) x 1073 32 23 e (GeVied)
e B(AY = AKTntn™) = ~ o i ]?C -
(4.13 £ 14844, + 0.204,. & 0.33,) x 10~ S’ ]
§ 100 (b) :'I:::l fit 7
o First observation of AT — AKT 7 and first 2 sob BN E
) - =) F - == Ai»AK'KS background
evidence of Aj — AK+7T+7T > 60:— ARGUS background
z I -.-.. Un-matched background ]
o B(AF — AKT7°) deviated with the 2 ;
phenomenological predictions based on SU(3) - E
quark flavour symmetry with Hs with ~ 30 %: /\L ; x
e B(AF — AKTnt77) is consistent with the Babar 2 >3 Mz:C (GeVie?)

experiment.
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First observation of AY — nat 70 nrta—nt nK—ntrt

(©)

< Data (b)

— Total it
— Al KT
— Chebyshey
0 comb. BKG.

, 200

KG
— Chebyshev
B com. BKG

Events / 10.0 MeV/c?
Events / 5.0 MeV/c?
2
T T T T T

3

EN v .

0.8 09 1 1.1 12 1 6.85 0.9 0.95 1 - 6.85 09 0.95 1 1.05
M, (%) (GeV/c?) M () (GeV/c?) M, (KT (GeV/c?)

‘miss! miss

@ Two SCS A} — nntn® notn~ 7t and one CF A} — nK~ 777" decay was firstly
observed.
@ Absolute BFs are measured to be: :
o B(Aj N n7r+7r0) _ (0.64 +0.090 + 0.025)’”.)% Chin. Phys. C 47, 023001 (2023).
B(A:r—>p7'r+7r7) _
BT e = 07240111
@ A useful input for the isospin symmetry
o B(AF = nata—nt) = (0.45 £ 0.0754. % 0.035y5.)%
o B(AF — nKtr— 7)) = (1.90 4 0.0854r. & 0.09y5.)%
BAF snntr—at)
T 0.24 +0.04

o Consistent with the |Veq|/|Ves| = (0.224 £ 0.005)
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Partial wave analysis of A} — Ax+70

AT = [k FE?, P

Events / (0.033 GeV/c?)

o First PWA for charmed baryon decay at BESIII
@ About 10K events survived with purity of > 80%

o FFs and decay asymmetry of A} — Ap(770)", 2(1385)x

are extracted

[HE [ 1He, P+ I8

I

gy) Osussos =

o2y 7 TG

JHEP 12, 033 (2022).

4.682 GeV

o

S

S
T

Events / (2.3 MeV/c?)
g
T

226 228 23 232
M (GeVie?)

400

Events / (0.033 GeV/c?)

. 92 14 16 18
M. (GeVic) M (GeVic?)

Events / (0.033 GeV/c?)

1000

w
=]
S

—— Data
[ Background
— Total fit

— ®E(1750)"
TE(1385)"

— L(1670)"

— ®E(1750)

0.8 ] 12

04 0. }
M. (GeV/c?)

2.34




Partial wave analysis of A} — Ax+70

Result
B(AZ—Ap(770)*) o7
ey, (57.2+4.2+4.9)%
B(A:»E(ISZS()AT‘“})/»&(EEW(;Z;SS) *hAwt) (7.18 £ 0.60 = 0.64)% | Theoretical calculation This work | PDG
10% x B(A} = Ap(770)*) | 4.81£0.58 [13] 4.0 [14, 15) 4.06 + 0.52 { <6

220417 | 586080
2240417 | 647£096 -

B(AT —+%(1385)°n")-B(5(1385)° —»An) (7.92 +0.72 + 0.80)% 10° x B(AY — £(1385) 1) 2804 [16]

B(AZ>Axta0)
10° x B(A} — £(1385)°xF) | 2.8+0.4 [16]

B(AF — Ap(T70)*) (4.06 £ 0.30 = 0.35 +0.23) x 102
B(AY — £(1385)* ) (5.86 4 0.49 £ 0.52 £ 0.35) x 103 ap oy —0.27£0.04 [13] —0.32 [14,15] | —0.763 £0.070 | —
° ’ ' ' ’ x —0914315 [17] —0.917 + 0.089
B(A} — %(1385)°r") (6.47 4+ 0.59 % 0.66 4 0.38) x 10 2 s o -
as(1385)0x+ —0.91%315 [17) —~0.79 +0.11 —

—0.763 £ 0.053 £ 0.045
—0.917 £ 0.069 + 0.056
—0.789 + 0.098 + 0.056

QAp(770)+

Q53(1385)+ 70

Q2(1385)0m+

@ No theoretical predictions can well describe the FFs and decay asymmetry simultaneously
o Fruitful results are extracted, providing the crucial information to extend the understanding
of the dynamics of A hadronic decays.




More new results

iy —baa %
T 0 @ T et E 200 ©
S S Soa .
8 o Xmeemon pigtiond & xnar=oo: S
g S, S150 oo
5 S
2 k1
£200 2100
: g
u fir}

8
3

*

04 01 02 . 04
M2 (GEVIICH) M2, (Gev?/ch)

B —— Dar
Sa00 ® et
3 fmaa-on Sl
gaoop oo i
z

200
3
&

100

JHEP 09, 007 (2024).

81 62 03 04
M2, (Gevich)

o First Ky — K; asymmetry measurement in
charmed baryon decays.

@ No obvious asymmetry is observed, and is
consistent with SU(3) quark flavour
symmetry prediction

o Important input to calculate the DCS

Events / (0.020 GeV/c?)

Events / (0.025 GeV/c?)

arXiv:2407.12270.

- Sweighted data

2001
—xa3ssyn
— AI6T0m"
100 S Toul interf

Events / (0.021 GeV/c?)

200F

Events / (0.020 GeV/c?)

09 1 Ll 13 14 15 16 17
M (GeVic?) M. (GeVic?)

o First observation of A} — Aa(980)*

07 08

o First evidence of penta-quark candidate
T (1380) is observed in A7 spectrum




Future prospects and summary




Proposal of BEPCII-U

o The BEPCII-U plans accomplish its upgrade by 2025 g
@ 3 times luminosity than current BEPCII at 4.7 GeV T
o Extended energy range from 4.95 GeV to 5.6 GeV
+ — +v— [ = E - BES H
Q¢ e — AC EC S S e Nearl* blank at 5-7GeV
_ 2 [ = KEDR H
— + 57 '§ +
o ete” = ASST S 4L ; i
¢ e * E | it b
— +o— o3[ I | 42 Pe2 .
0 ete” = BFE; 58 | ,
c c 28 | . | % o A
— 5% 21q1+o|‘+o» aavtolt oo L obhiy _
+ - ) M T 00
@ ete” - E M il
o 15 % 3
0 etem = Ok VS (GeV)
Energy Physics motivations Current data Expected final data e/ Ty
1.8-2.0 GeV R values Nucleon cross-sections N/A 01t (fine scan) 60/50 days
20-3.1 GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days
14 peak Light hadron & Glueball J/y decays 321" (10 billion) 321" (10 billion) NIA
w(3686)peak  Light hadron & Glueball Charmonium decays 0.678 ' (045 billion) 45" (3.0 biltion) 150/90 days
W(3770) peak D°/D* decays 29167 200" 610/360 days
3.8-4.6 GeV R values X¥7/Open charm Fine scan (105 cnergy points) No requirement NA
4,180 GeV/ D, decay XyZ/Open charm 32" 61" 140/50 days
40-4.6Gev  XYZ/Open charm Higher charmonia cross-sections 160 fb ' at different s 30fb at different V5 770/310 days
4.6-4.9 GeV Charmed baryon/XYZ cross-sections 056 fb ™' at 4.6 GeV 15 fb ™" at different Vs 1490/600 days
474 Gev £¢A; cross-section NA 10" 100/40 days
491 GeV 3.5, cross-section N/A 106%™ 120/50 days
4.95 GeV. Z, decays NA 10" 130/50 days

autiful and C



Summary

e BEPCII energy upgrade during 2020-201 has improved the BESIII capability in A
physics by accumulating more statustics at different energy points and pose a great
opportunity to study the A" production and decays.

@ BESIII has been playing a significant role in the study of A" decays.
o Fruitful A results have been published during 2022-2024
@ More physics results coming soon

o BEPCII-U upgrade will provide more opportunities for charm baryon physics
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