SESI

Recent Progress on
Charmed Baryons at BESII!

Cong GENG (Bk BZ)
Sun Yat-sen University (F1 L K- #1318 %)

F—fREFDEFIT= - EIM

13/4 EM-Hyperon



Outline

4

L/

* Interests in Charmed Baryons
» BESIII experiment

* Productions and Decays

* List of the released results

* Prospect at BESIII

L/

L/

0

4

L/

\ /

4

L/

\/

g

L/

\/
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Quantum Chromodynamics
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In 2011, | asked David Gross:
“Can we really see the free quarks?”




Mystery in Baryons

b
sea quarks 008
gluons 0.06
0.04
3 0.02
G
0
Strong interaction oo
contributes >90%
-0.04

mass of baryons !7?

Form factors oscillate as
center-of-mass system (CMS)

BESII: nn

BaBar: ppy,g (ref. %)

Simultaneous fit: proton

= —— Simultaneous fit: neutron
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Neucleon structure is still attractiVe™!
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Charmed
Baryon

armed Baryons

S.-Q. Luo and X. Liu, PRD 108, 034002 (2023)

BNL Fermilab SKAT ARGUS CLEO
PRL 34, 1125 PRL 37, 882 JETPL 58,247 PLB 317,227 PRL 74, 3331
Z.(2455) A (2286) Z(2520) A.(2625) A (2595)
1975 1976 1993 1995
BaBar
CLEO PRL 98, 012001
N el Belle Belle LHCb Belle
A(2880) PRL94,122002 PRLY98,262001  JHEP 05,030  PRL 130, 031901
A (2765) Z.(2800) AL(2940) A-(2860) A(2910)
2000 2004 2006 2017 2022 -
=)
CERN CLEO CLEO CLEO CLEO
PLB 122, 455 PRL 75, 4364 PRL 82, 492 PRL 83, 3390 PRL 86, 4243
=,(2470) Z.(2645) £/(2570) Z.(2815) Z.(2790)
1983 1995 1998 1999 2000
LHCb
Belle BaBar PRL 124, 222001
PRL97,162001  pp, PRD 77, 012002 EP]ge?li}: -5 E"(Z%S) LHCb
E.(3080) prD77,031101 E.(3123)  gpjc 73,928 Z.2939)  arXiv: 2211.00812
=.02970)  E=.2930)  =.(3055)  =.(2930) =,(2923) =,(2880)
2006 2007 2018 2020 2022
LHCb
PRL 118, 182001 LHCb
WAG2 BaBar Q.(3065) Q. (3188)  arXiv: 2302.04733
7PC 28, 175 PRL97,232000  Q.(3050) Q.(3119) Q,(3185)
Q,(2700) Q.(2770) Q.(3000)  ©Q.(3090) Q,(3327)
1985 2006 2017 2023 Yf-z—ar

\

13/4 BN

Hyperon

Discovered shortly
after J /y

But, both experiment
and theory develop
slowly



Productions and Decays

ete” - AtA; Doubly charmed Baryons !
0.8 : , ———
S iui 180F | 1ich 13 Tev .
U0_7E_ by Giuilo . e o (-,!_c AT K;_Tl""n'"'
— Belle + BESIII data S 140 i?a:f‘] =
:_ E 120 .. Signal _z
- E 100 - -+ Background '[' :
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é s wf byt N R RLE P I S
> S 40§ +H =
- + .
3 20 Py E
0458 46 460464 466 468 4.7 4724 44@ T v~ S— T =
E (GeV) m_, (E5) (MeV/c?)
BESIII Collaboration, PRL 120, 132001 (2018) LHCb Collaboration, PRL 119, 112001 (2017)
Belle Collaboration, PRL 101, 172001 (2008) F.S.Yuetal., CPC 42, 051001 (2018)
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Productions and Decays

W-exchange
W-emission (suppressed in charmed mesons)
' >
C
> >
C
q' > q, > >
> »
q q

L.-L. Chau and H.-Y. Cheng, PRL 56, 1655 (1986)

“+ W-exchange in baryon decays iIs not subject to color suppression
< Non-factorization contribution is significant !
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Frontier of Particle Physics
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Experiments in the world

| | | CMS @

Z JATLAS

T -\ EXPERIMENT
z =

10

The only experiment running at
thresholds of charmed hadrons
in the word!
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BESIII exper'i men1'

CMS energy: 2.0- 4.6 GeV (4.95 GeV now)
Muti-bunch: 93

Cross angle: 22 mrad @ lHEP’ Beljlng
Peak 1umm051ty 1.0 X 1033cm s 1C1/}(3770)
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GAUGE BOSONS
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RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

BESIII experiment

: RPC: 8
Electro Magnetic ayers

Calorimeter

MDC: charged tracks
dE/dx + TOF: PID

EMC: photons and electrons

Q
2
e

RPC: muon detection

SC Solenoid: 1T magnet

e+
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o (pb)

400

200

Charmed Baryons at BESIII

Unique: threshold effect for charmed hadrons

ete = AA;
4 BESIII 2023
<>-BESIII 2018
Belle
""" Threshold

47 48 49

(s (GeV)

||||||||||||||||||||||||||

| BELLE: larger stat, but
;Iﬂgherbkg

| BESIII: lower stat, but

... . higher signal to bkg
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Data sets at BESIII

1x 101 events 3 x 10° events . 5 fp—1 3 2 fb~1

) _
B } . N | ]
. J /P $(2S5)

6 B Mark-I “bo 10.5 fb_l C
5 Mark-I + LGW
B Mark.II Type equation he i 1fb-1

|

|

{J\II

s ® PLUTO o T / -
¥« Crystal Ball
4| * BES oy Dedicated
, KEDR | R . g
| FRINS LN samples for
3 e charmed baryons
PPN/ NEUNU N N 7N . '&; 1 .
3 3.5 | 4 4.5 5
130 points, 2.0< Vs <4.6 GeV 20 fp—1 ~6 fb~! at 16 points
1 x 10° had. events each 4.6 < /s <5.0GeV
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Publications related to A: at BESIII

The 15t period, with only 2014 data set

Hadronic decays

Semi-leptonic decays

<+ One of the highlights at BESIII !
<+ Higher stat samples in 2020 and 2021

A, - pK + 11 CF modes PRL 116, 052001 (2016) A, - Aetv PRL 115, 221805 (2015)
A, - pK* K-, prtm PRL 117, 232002 (2016) A~ Aptv PLB 767m 42 (2017)

A, - py, pr® PRD 95, 111102(R) (2017) Ac— A+ X PRL 121, 062003 (2018)
A, > Imtm PLB 772, 338 (2017) Ac—et+X PRL 121, 251801 (2018)
A~ BOOK PLB 783, 200 (2018) A~ Ko+ X EPJC 80, 935 (2020)

A, — Aqm PRD 99, 032010 (2019) Production

A - pK,n PLB 817 (2021) 136327 AcA; PRL 120, 132001 (2018)
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PDG In 2015

A+ DECAY MODES

Scale factor/

Mode Fraction (I;/T) Confidence level
Hadronic modes with a p: S = —1 final states
r pK° ( 3.21+ 0.30) %
, pK =zt (6.84F 032y %
M3 pK*(892)° [a] (2134 0.30) %
[y A(1232)TT K~ ( 118+ 0.27) %
s A(1520) 7T (] (24 + 06)%
I p K~ 7" nonresonant (38 +04)%
r, pK%0 (45 + 06 )%
s pK%, (1.7 + 04 )%
g p707r+7r_ (35 £ 04)%
fro pK wta® (46 + 08 )%
M1 pK*(892)~ nt [a] (15 + 05)%
M2 p(K™ 7"'_'_lnonresonant7"'0 (50 +£09)%
M3 A(1232) K*(892) seen
Ma pK atata— (1.5 + 1.0 )x 1073
frs pK atza0x0 (1.1 + 05)%
Nre pK mt3x0
Hadronic modes with a p: S = 0 final states
My pnrt (47 + 25 )x103
Mg p fo(980) [a] (38 + 25 )x103
Mg prtata 7~ (25 + 1.6 ) x10~3
Mo PKTK~™ (1.1 + 0.4 )x103
M1 po [a] ( 112+ 0.23) x 10—3
Mo pKT K~ non-¢ (48 £ 1.9 )x10~4
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PDG in 2020

Hadronic modes with a p or n: S = —1 final states

pKY (159+ 0.08)% | 44Y s=11
pK-nt ( 6.284 0.32) % S=14
pK*(892)° [a] (1.96+ 0.27) %
A(1232)T+ K~ ( 1.08+ 0.25) %
/\(1520)7r+ &) (22 + 05)%
p K~ 7T nonresonant (35 + 04)%
pK 7O (197 0.13)% | 500 s=1.1
nﬁ%w"" (L82+ 025)% Fjrst
pK° (16 + 0.4 )%
pKLntr (1.60+ 012)% | 28U s=11
pK-ntx0 ( 4.464+ 0.30) % i 61% s=15
pK*(892)~ T a] (1.4 + 05)%
p(K~ 7T'—i_lnonresonant"'r0 (46 £ 08)%
A(1232) K*(892) seen
pK=2nt 7~ (1.4 + 09 )x103
pK~nt 270 (1.0 £ 05)%
Hadronic modes with a p: S = 0 final states
pr < 27 x 1074  CL=90%
pn ( 1.24+ 0.30)x10-3  First
pw(782)° (9 +4 )x107%
prt ( 461+ 023)><10 3 First
pf(980) [a] (35 + 23)x10"3
p2rt2r~ (23 + 1.4 )x103
pKT K~ ( 1.06+ 006)><10 3
po [a] ( 1.06+ 014) «10-3 | 36%
pKT K~ non-¢ (53 + 1.2 )x10"%
pom0 (10 +4 )x1075
pK+ K~ 7%nonresonant < 6.3 x 105  TL=90%
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32
33
34
I35
36
37
38
39
40
a1
Ca2
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PDG In 2015

Hadronic modes with a hyperon: S = —1 final states

Art (1.46+ 0.13) %
Ant 70 (50 + 13)%
Apt < 6 % CL=95%
Artata— ( 3.59+ 0.28) %
F(1385) tat o, It — (10 £ 05)%
At
X(1385) " wtat, I* — (75 + 1.4 )x 1073
Ar—
At 0 (1.4 + 06 )%
> (1385) " p0, =*t — Axt (5 +4 )x1073
Antat 77 nonresonant < 11 % CL=90%
Artrta— nOtotal (25 £ 09)%
Anty [a] (24 + 05)%
(1385)" [a] (1164 0.35) %
Artw [(] (1.6 + 06)%
Artata= 70, no 7 or w < 9 x 1073 CL=90%
AKT KO (6.4 + 13 )x1073 S=1.6
Z(1690)°K*, =*0 . AKD (1.8 + 0.6 ) x 10~3
>0t ( 1.43+ 0.14) %
Ftq0 ( 1.37+ 0.30) %
It (75 + 25)x10~3
Itx (49 + 05)%
st 0 < 18 % CL=95%
Foqatat (23 +04)%
>0t (25 + 09)%
Semileptonic modes
yan”, [b] (28 + 04)%
Netv, (29 + 05)%
/'4,',1,"'1/.u (27 £ 06)%

72
73
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PDG in 2020

Improvement: Not only the central
value, but also the uncertainty

Hadronic modes with a hyperon: S = —1 final states

Ant

Axt 70
Apt

Ar— 27T

NeT v,
Aut vy

( 1.30+ 0.07) % S=11
(7.1 +£04)% l /8% s=11
< 6 % CL=95%
( 3.64% 0.29) % S=1.4

120+ 0.07)% + 45% s=11
1.25+ 0.10) % l 33%

( )
( )
(4.4i 0)
( 6)
( Y% | 46% s=13

CL=95%

Semileptonic modes
(3.6 + 0.4)%
(35 + 05)%

1 35%
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o (pb)

Data sets collected in 2020 and 2021

400

200

Sample Ecms/MeV Panavha/Pb
; - 4610 4611.86:0.12+0 30 103.65+0.05+0.55
ete’ = AlA,
g 4620 4628.00:£0.06:0 32 521.530.11£2.76
; 4 BESIII 2023
& BESII 2018 4640 4640.91:£0.06:0 38 551.65+0.1242.92
T Belle 4660 4661.24+0.06:029 529.43+0.1242 81
A Threshold 4680 4681.92:£0.08+0.29 1667.39£0.21:£8.84
% + 4700 4698.82:0.10+0 36 535.540.122.84
1% ee s i 4740 4739.70£0.20+0 30 163.87+0.07+0.87
5 T led | ) 4750 4750.05£0.120.29 366.55:0.10£1.94
0 . -1t 4780 4780.540.120 30 511.470.1242.71
o T N N 4840 4843.0740.20+0.31 525.16:0.12+2.78
4.6 4.7 4.8 4.9 4920 4918.02£0.34=0.34 207.82£0.08=1.10
/s (GeV) 4950 4950.930 360 38 159 28+0.07+0.84
’ [ ]
< 12 energy points between 4.61 ~ 4.95 GeV
’ _ [ ] [ ] [ ]
% ~5.6 fb-1 collision data in total
’ ° ° +__ ) d °
< about 1 million A} A pair productions
13/4 EM-Hyperon 17



Productions



Mass (GeV)

S A A o R o T A A R .o I
(SRR RN T . R - = S

Excited) Ch

armed Baryons

RH2: BRI b 2 Bl 50 MG FF RO S0 45 %45

CMS energy coverage:

Year 2019: 4.6 GeV =2 4.95 GeV
Year 2024: =2 5.5 GeV

/CA

-Hyperon

35 3.6
I = = — EI T ——
IF—_ 34F ¢ ‘ lF__— 35F ¢
1 33¢ 1F— 1 34¢
|F— = 3 Q.(3327)
{1 32¢F 1D == ] 3 3 L 1D==
— o
A(2880) ] : E(3080) B 1 ___2s
i (. . (2500) 3.1 1D=2= 32F
A(2860) s 1 30t g 0D =.(2965) 1 £2:(3188) Q.(3119)
== " = I e
E.(2970 1P 5.(2923 == 0.(306
[ A(2765) 29 =@ — = ggéog 1P == 513050)
A(2625) _((2515) 30F e Q.(3000)
—. ] L T ]
1P —¢— 2.8
A:(2595) £:(2520) =190 29¢
s 1 2.7¢ E2(2645) ]
3.(2455) 156t ;-_ 1S 128 -Q;_(zj_().s)
21(2580) 57 1S
1 27 ——
_A--(32361)S 1 25¢ i5 0,(2695)
4 =Y 26

v A4 [ bk A2 BESITT 52 3 4% 4
FRREDEF R R EFR

T ER B E AR E 1R i
FRm B EEH

HHZR: R EREFNE FERTS
HYSRIG A 3

BRI EAML: P ERIE RS e R 53

MEARA: LEE

BXARHIE: 13691146600

E-mail #iflk: shenxy@ihep.ac.cn

SIERML: mEMSRAKSE. PEMNERAS.

KE, WHFEKE,
RAME TSRS

mﬁ‘ﬁ]k == I_‘Tﬁ:‘j(% jt

| [ A g
2017 4

LRSI AR )

8H 11 B
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Production measurements

< A7 pair production near the
threshold

< “Tagged” one A7 is sufficient to
@ extract the production information

o)
Reconstructed O

&>

13/4 EM-Hyperon 20




Pair production of ground-state A/

BESIII Collaboration,

508 . F 1 == PRL 131, 191901 (2023) — |
< 070 by Giuilo - ‘ . o ol e NA
- . = -%-BESIII 2023
B Belle + BESIII data 400 4 PreciSIon < sesmans
- 0T -Belle
~E: 2 | ‘ ‘ ----- Threshold
. ° 200_— .}ﬁo‘ o :1’:— _U_ ‘
: 3 LT 1L
- —L— ’ T —'—:‘_ ‘ = l }
i3 N 0 AL P BN e ol
0™458 46 462464 4.66 468 47 '4.'7'2'4.'7!4'4.'(;'; 4.6 4.7 4.8 49
E (GeV) (s (GeV)
’0

» A7 > pK~m™ to reconstruct the signals

\/

< Beam constraint mass Mge = \/E,feam — Pj _ to extract the signal yields

s* Not observed the structure around 4.66 GeV as BELLE's result

13/4 EM-Hyperon 21



Oscillation

el B
1.5
=10
%)
H:i-l
e~ B (_J
0.5
do a’BC
= Gul?(1 20
d cos @ 4s [1Gu 1" (1 + cos®0) +

in

Form Factors

-
‘."""-u-
'
-

ete’ = AJAL
-4 BESIII 2023 —Combined fit
<-BESIII 2018 =-::Monopole decrease
----- Threshold  ---Damped oscillation

-----

-] 1
- *
---------
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P-wave: A.(2595)" and A,.(2625)"

N per 1 MeV/c?

N
o

CDF Collaboration,

PRD 79, 032001 (2009)

—
o
T L — —

it
LS AR

C ]

I0.28I 0.30 - 10.32I 6.34 0.36
M (ACJ'I:+TC’) -M (Ac)

0.38 0.40
(GeV/c?)

. B(AY — A.(2595)" u™7,)
: B(A) — Afu~7,)

+0.047
= -+
0.126 = 0.033(stat) 0,038 (syst),

o B(A) — A.(2625)" u™7,)
2 B(A)— Afu~7,)

+0.071

—0.050

= (0.210 = 0.042(stat) (syst),

The production rate is reversed, comparing

to the mass of the two excited states !?

A;(2595)7 is at the threshold of Z.m =» Exotic state?

13/4 EM-Hyperon
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ete” > A A.(2595)” and A7 A,(2625)
arXiv:2312.08414
< Select one A} and search for the excited states

BGS]]I in the opposite side
<+ Applicable only at /s = 4.918 and 4.950 GeV

140 T T T T T T T T T T I 160 ! ' ' ' ] ! ! 1
5" oo E 15=4918.0 MeV ,'E {s=4950.9 MeV N
0 B . ].40
S -~-Data [ Sideband ; <Data | Si
cqs 100 = == Fit curve q= 120 F == Fit curve
— 30 Site [/22_/\42595)] E 100 Sinte [ASA,(2595)] (b )
g — 2” [?XAi(f:(g:;}] 4 S,, [AR(2595)]
. - inte V' '¢° ¢ — —
S 60 —s 7, (2625 < 80 Siie [164:(2625)]
- —=AZ < —,, [A{R,(2625)]
17/] et S~ 50 eE_
E 40 I qq W - ACECE
" e v /|
< S 4fF ~—d
= 20 i g + ]
bl A AR Ear e o o Y = 20 !
O %! oty LK X XX W w a = ] - ’ ’
‘ rec 2 602 ' o B A e T ~ Ny
MAC [GeVicT] 2.55 2,60 2.65

13/4 FE M -Hyperon rec 2 24
M A [GeV/c?]



ete” - /1+/1 (2595) and AtA.(2625)"

arXiv:2312.08414

100 - (rD;aA:Ac(ZSQS)wc ; -_ “*Model dependent fit and ISR correction with
| — Fit cur |
| -~ Threshold ! o(s) = %(1 4 2mms i .
= i i S s (3—61)4[7r2—|-1n (AQQCD)]Q
& i i
= 50|-e‘e’ — AJA.(2625)+c.c. ! . .
© Dt | i | **Non-zero cross section is observed at the
— Fit i
:--.TL,Z‘;I',jd | 1 threshold for 4,(2625)*
R 1 %A.(2625)* production rate is 2-3 times
1860 4880 4900 4920 4940 hiogher than A.(2595)*
/s [MeV] gher than A( )
Signal process ete” — AFAL(2595) +c.c. ete” — ATAL(2625) +c.c.
V5 (MeV) 4918.0 4950.9 4918.0 4950.9
Nsig 148 £+ 29 216 £ 27 311 £+ 28 5b2 £ 47
e (%) 47.0£0.1 46.8 £ 0.1 46.7 £ 0.1 46.8 £ 0.1
fisr 0.735 0.741 0.558 0.728
o (pb) 156 £3.1+0.9 29 44 Bulfes2.4 43.4+4.0+4.1 76.8+6.5+4.2




Form factors in efe™ - A7 A,.(2625)"

arXiv:2312.08414

:_e"e' — AgA(2625) +c.c. _ do 1 )
AP0 o 1= 4918.0 Mev : Toosd X (1+00329)(|GE|2+3|GM‘2)4‘;|GC|2 sin”0
}5 - \s= 4950.9 MeV
100 - 2
= f(cos®) o (14 ap_cos0)
=
‘qsg 50 5 < %
s
-
O_ —
I S B B B 2 2
10 05 00 05 10 Gel"+3|Gu[" _ 1 1+aa,
cos0 G l? T 1—on,
The direction of angular curve [T Y T
flips in very narrow range ! oy 0.82:+0.56+0.02 ~0.60£0.20£0.01
< Oscillation feature as A}? JIGoE £ 31Gu2/|Ge| 595+4.07+0.15 0.94+0.32+0.02

»» Need fine scan in future !
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Decays



Decays in Charmed Baryons

C, : factorization component Calculation is not reliable, need exp. input

C,,E;,E5 E5 non-factorization component

13/4 FE M -Hyperon 28



At - EOK

Only receives the non-factorization contribution

Theory or experiment B(A7 = E°K™) (x107%) A0 g+

Kérner (1992), CCQM [7] 2.6 0 ¢ ” §W'+ L,
)/(u (1992), Pole [8] 1.0 0 )d > > u =
Zencaykowski (1994), Pole [9] 3.6 0 Ac A S
Ivanov (1998), CCQM [10] 3.1 0 C::S}K+
Sharma (1999), CA [11] 1.3 0 LU > u
Geng (2019), SU3) [12] 574+09 0,941Lg_-?16 u S y

Zou (2020), CA [6] 7.1 0.90 —0
Zhong (2022), SU(3)* [13] 3.8%0% 0.9170%3 A+ C : > s (=
Zhong (2022), SU(3)? [13] 5_0j8_-96 0.99 + 0.01 ¢ EW+ C::S
BESIII (2018) [14] 5.90 + 0.86 = 0.39 . . . . i} K+
PDG fit (2022) [2] 5.5+0.7 - -

The decay asymmetry parameter azo,+ has never been measured.
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AY - EOK+ 50 5 An’, A - prr™

BESIII Collaboration,
PRL 132, 031801 (2024)

ete” - AtA;
Two individual helicity H11 and H1 1
Hi 1|* —2|H11|?

2’2 2" 2

11 : :
g1 272 ) Ag Is phase shift
" 7 |Hi 112 +2|H.4|> between them

272 22

+ =0 g7+

a’+ B4 +y* =1 B =+1— a?sinA
_ 2Re(S™P) >
=0 rest frame A rest frame a = | Slz + | Plz Yy = 1 — a“cosA




Distributions

40
~ [ —+ Data@4.60GevV +Df““
> 300 — Fit ::«:
E E BKG Misreconstructed
a 201 7| Misreconstructed \
R : ¢
S 10}
Mo S
Oglé'glgim'm g 3
2.26 2.28 23 s
My (GeV/c?) =
“* Fixed the parametersinete™ - AfA; A 2
r— 204 + 2 200
and E° and A decays ] | |
“»Free parameters of @zop+ and Agop+ oG
. 40 40 +
¢ Six data sets between 4.6 and 4.7 GeV #*'&“Iﬂ*##ig 4
S e
1 g’f)lar z;)ngle " 1 ' Aziimth anqgle 6
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Phase difference

B Physical Boundary
|- Y --- gneooon s
a50K+ =0.01 i 0.16 i 0.03 ") o, .(BESII) & BF(PDG) ‘ !
[ o Kiorner(1992), CCQM
Acog+ =3.844+0.90+0.17 rad 5=  Xuasm). o
= "L o Zencaykowski(1994), Pole
. : \4 Ivanov(1998), CCQM
In good agreement with zero - & b . L R e
—_— i [ Sharma(1999), CA
8, —8;=—1.55+0.25+0.05 [ summm.cy
i Zou(2020), CA
or 1.59+0.25+0.05 C 5 Zhong2032), SUGY
- Zhong(2022), SU3)’
] ] R RS RS SR
Phase difference between s and p-wave ~ 2 4 6 8

Branching Fraction(xl[ld)
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Cabibbo suppressed (CS) decays

Gr,
e,

i (chsvudofs + Vvﬂdvud()gq + Vvﬁdvu'bojd)

“*Cabibbo flavored (CF)-decays have been shown consistent results
between experimerntal results and SU(3).

C. Q. Geng, et al.

“*Seems not applicable in CS decays PRD 97, 073006 (2018)
CE maodes Predicted: B(pr®):B(nmrt)=1:2

Decay branching ratio Data SUQB)F [22] CS modes

103B(Af - 2tn% 124410 128423 10*B(AF — ©TK%) - 8.0+1.6
103 B(AF — T+ 70+23  7.1+3.8 10'B(Af — x0k+) -.2+08  40+08
10°B(Af — 207 ) 129+07 12.8+23 104BAF — px% < 2.7 57+1.5
10°B(A; — E°K*) 59409  55+1.4 10°B(A; - pyp)  124£3.0 125753

103 B(AF — pK?) 316+16 32.7+15 10°BA; > ) - 11.3£29
103B(AF — A%7+)  13.0+£07 12.8+17 10°B(Af — AKT) 6.1+12 46409
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Various predictions

H.-Y. Cheng, et al.,

PRD 97, 074028 (201 Before 2020
Sharma et al. [24] Uppal et al. [42] Chen et al. [43] Lu et al. [25] Geng et al. [28] |This work] Experiment [7,19]

A} = pa® 0.2 0.1-0.2 0.11-0.36 0.48 0.57 £+ 0.15 0.08 <0279
A} = pn 0.2%(1.7) 0.3 1.24 4+ 0.41 1.28 1.24 4+0.29
Af = pyf 0.4-0.6 0.04-0.2 122718 ?

A} = nat 0.4 0.8-0.9 0.10-0.21 0.97 1.13 +0.29 0.27 2

Af = AKT 1.4 1.2 0.18-0.39 0.46 4+ 0.09 1.06 0.61 +0.12
A} - 30K+ 0.4-0.6 0.2-0.8 0.40 4+ 0.08 0.72 0.52 £ 0.08
A+ = KO 0.9-1.2 0.4-0.8 0.80+0.16  1.44 ?

% AL - pn: looks consistent between exp. and theo.
*» The significant discrepancy exists in the channel Af - pm®: with H(6) only in SU(3) prediction
¢ Interference between factorization and non-factorization is proposed !

Experimental results on A} - pn® and A} —» nrt are critical !
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Strategies at BESIII : double-tag

__ Process of interest

QO / < In the center-of-mass system, A7 is )
. producted associated with the other A;.

. < “Tagged” one Az, there should exist the
other AL in the opposite side.

e % If measuring the branching fraction, the
ield of tagged A7 is denominator.
® Y gged A;
GO Tag-side

Model-independent approach |
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Events / 1.25 MeV/c?

Single tag of A;

\/s = 4.682 GeV as an example

5000 F__,
4000 E
3000 F
2000 E
1000 F

 pK?

1000 F
800 F
600 [
400
200
800 F

600 F
400 F
200 F

600 |
F K
400 [

200 |

600 [ w0 _. [ ot

400

200 a r
B y 4 L 'l 1 | 1 1 |--|-| 1 1 1

2.25 23 2.25 23
Mg (GeV/c?)

<10 hadronic tagged modes of A

“*Total yield: Ngr = 90692 + 359 for 7 energy
points @ 4.612-4.699 GeV

“*The signal of interest is searched for in the
opposite side of these single tagged A/

“*Charge-conjugate is included
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Af - nnt and A} - pr®

ﬂ

ﬁ Hl
t

00 00

. BESIII Collaboration,
Process of interest PRL 128 (2022) 142001

¢ data
seer AN T

e ALSA T

===+ background

qq

ents / 10 MeV/c?

Tag-side

_ M .. (GeV/c?)
elect the signal 7" in the opposite side of the ST Az.

—"

ghgl }{#ﬂ IIIIIIIIIIIIIII 1
Y MGy 4
M
|

y
W

1.1 12 13

> S
» Extract the yields from the invariant mass of the missing part (i.e. neutron).

13/4 EM-Hyperon

37



Af > nnt and A} - pr®

At >nnt 5049 (6.6 + 1.25¢a¢ £ 0.4gy5¢) X 107
AY - Ant 376 + 22 (1.31 £ 0.084¢,¢ + 0.055y5;) X 1072
A7 > 2% 343422 (1.22 £ 0.085¢a¢ £ 0.075y5) X 1072

R =B ooy Bt opnty N “

v'Use B(Af - pr®) < 8.0 x 1075 at 909 PRD 55, 7067 (1997)
C.L. of Belle from PRD 103, 072004 9 2 PRD 93, 056008 (2016)
(2021) 11.3+ 2.9 2 PRD 97, 073006 (2018)

-_ 8 or 9 450r8.0  PRD 49, 3417 (1994)
2.66 3.5 PRD 97, 074028 (2018)
In 2022, disagree with 6.1+ 2.0 4.7 PLB 790, 225 (2019)

icti 1?
most of pr'edlcflons X 13/4 BM-Hyperon- 2 9.6 JHEP 02 (2020) 165



Af > nrt and A} - pr®

arXiv:2311.06883

O nl + Data 15F + Data

"S 10 [ (a) — - Signal "‘>“' i (b) — - Signal

o | Inclusive hadronic L Inclusive hadronic

> background > F background

a | --= AR, background w10 -+~ AR, background

N N

S5 gl

2 [ 2 5 WL #

c c i

5] 5] M | |

-~ s T )

ol bl I m.hﬁi&un.m
2.2 2.39 2.4 2.2 AT 2.3 2.35 2.4

M (GeVid) ML (GeV/d)

“Similar strategy as Af — nm™ is applied, but higher background
2D fit to extract the signal yield: ST Az vs. signal AF — pm®
*Significance 3.7, branching fraction (1.5679:£5 + 0.20) X 107*
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Af > nrt and A} - pr®

R =B} -
nnt)/B(AF -

Reference

6.6 +1.2+
0.4 (BESIN)

11.3+2.9
6.1+2.0

8or9
2.66

7.7+2.0
8.5 + 2.0

3.5+ 11

8.15Z0¢7

1.561072 +
0.20

<0.8x107%
(BELLE)

5.7+ 1.5
1.3+0.7
lor2
0.75
0.8703
1.2 £ 1.2

44.5 + 8.5

0511329 0.16+
0.09

pr®)

3.2%422

>7.2@90% C.L.

4.7

4.5 or 8.0
3.5

9.6
7.11+7.3

0.08

12.69%5;%
50.94+259

PRD 97, 073006 (2018)

PLB 790, 225 (2019)

PRD 49, 3417 (1994)

PRD 97, 074028 (2018)

JHEP 02 (2020) 165

PLB 794 (2019) 19-28

JHEP 03(2022) 143

JHEP 02 (2023) 235

Lastest results from BESIII

Result from BELLE

SU(3)f with only H(6)

SU(3)f with both H(6) and H(15-
bar)

constituent quark model

a dynamical calculation based on
pole model and current-algebra

topological-diagram approach

SU(3) flavor symmetry with O(15)

SU(3) broken SU(3) respected

The interference between factorization and non-
fac maybe Is not significant !

13/4 E M -Hyperon

B (Al—nm) (107

15

10

arXiv:2311.06883

A
+ 71
¥ BESI Belle's Limit
4 SU@) I A SU@ I
+ SU@3) I M SU(3) O(15)
+ COQM (A) CQM (B}
# PMCA TDA
| | |
2 4 6

B (A[— pr®) (x107%)

“* Likely different from Belle

s consistent with SU(3)
prediction with representation
H(6) and H(15)

40




LHCb Collaboration, PRD 108, 012023 (2023)

2

[R—
(0.¢)

m2(K~ ") [GeV?]
e = R = =t e
S (@) o0 p— (\o) HaN (@)

-
b

Partial Wave Analysis in A/

- —— = 10 =
. AY - pKwt 1 |, E
o - LHCb 3 717 °
- 1 . oy
= 1.7 1b 4 48 =
= = =
- 147 =
. — <
= 3] 6

- 1 5

E i 4

] | E

3 E

E E E

-n_ | | _-

3 — 4
m*(pK~) [GeV?]
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Abundant excited baryon states

S20 (A- X, A* A

S=-1 Z =) ztﬂ Z +
S=-2 — :!ll:l
S=-3 \g}%
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PWA in hadronic decay A} - An*n®

BESIII Collaboration,

/12" - Ap'l' JHEP 12 (2022) 033
+ +.0 + +.70
A > Antn’ <——A; > 2(1385)"n
\ At - 2(1385)°xw*
A rest frame A?* rest frame
7ol Helicity Amplitude (TF-PWA)
' + Jo*
' p™ rest frame Agn_j)l‘j:EQ — HE;}QJQDAE,M—AQ (qb, 9, U)
20+ 1 l
- Hy G = 2913\/ 2o 1 (10, s6[Jo, 6)(J1J2, A1 — Azls, 8) (q%) Bi(4,q0, d)
ls

lab frame
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PWA in hadronic decay A} - An*n®

—_
)
o
=

L
[}
(e

Events / (0.033 GeV/c?)

| —— Data
] Background
| — Total fit
- — Ap(770)*
NR, (") A
| — n0%(1385)"
| n%(1670)"
— 1% (1750)*
" w+x(1385)
- — nE(1670)°
TE(1750)°

Events / (0.033 GeV/c?)

400

200 |

2 14 16 1. 2 22

M, . (GeV/c?)

400

b9

)

(=
I

Events / (0.033 GeV/c?)

o
i S

[mii L e
(f.Z 1.4 1.6 1.8
M Ar® (GeV/ C 2)

Theoretical calculation

This work

102 x B(Af — Ap(770)7) | 4.814+0.58 [13] 4.0 [14, 15] 4.06 + 0.52
103 x B(Af — 2(1385)*x%) | 2.84+0.4 [16] 2.2 +0.4 [17] 5.86 %+ 0.80
10° x B(AF — 3(1385)% 1) | 2.840.4 [16] 2.2+ 0.4 [17] 6.47 4+ 0.96

QAp(770)+
*¥53(1385)+ 70

y(1385)07+

~0.91793% [17]
—0.917010 [17]

—0.27+0.04 [13] —0.32 [14, 15] | —0.763 £ 0.070

—0.917 = 0.089
—0.79 £0.11
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Decays of A.(2595)" and A.(2625)"

< Strong transition is dominant.

<+ Relative measurements was performed w.rt mode Afn ™
< Isospin relation is always assumed: Afn*n~ : Afn%n° = 2:1

[ Ac(2595)* 1(UP) = 0(37)

The spin-parity follows from the fact that X.(2455) 7 decays, with
little available phase space, are dominant. This assumes that JP =
1/27 for the X(2455).

Mass m = 2592.25 + 0.28 MeV
m-—m,, = 305.79 &+ 0.24 MeV
C

Full width ' = 2.6 + 0.6 MeV

Ag mm and its submode X-(2455)w — the latter just barely — are the only

strong decays allowed to an excited /IC' having this mass; and the submode
seems to dominate.

/lc(2595)+ DECAY MODES Fraction (I;/T) p (MeVjc)
AL ata— [s] — 117
S (2455) T~ 24 +7% t
> (2455)0 1 24 £ 7% t
Af 7 3-body 18 + 10 % 117

Ac(2625)" |
_,'P

1(JFy=0(37)

has not been measured; %_ is the quark-model prediction.

Mass m = 2628.11 + 0.19 MeV (S =1.1)
m—m,, = 34165+ 0.13 MeV (S =11)
C

Full width ' < 0.97 MeV, CL = 90%

/'.Ci wm and its submode X(2455)x are the only strong decays allowed to an

excited A Li having this mass.

p
Ac(2625)+ DECAY MODES Fraction (I'; /T) Confidence level (MeV/c)
/\g ata~ ~ 67% 184
X (2455) T 1~ <5 90% 102
5 (2455)0 ¢ <5 90% 102
Al 7" 7 3-body large 184

See Particle Listings for 2 decay modes that have been seen / not seep, $0\|\|_Hypel,0m5ee Particle Listings for 2 decay modes that have been seen / not seen.




Strong transition between P-wave
and S-wave

Two Couplings in heavy hadron chiral perturbation theory
“*Due to the decay width of A,(2625)" is almost

2 zero, the coupling h, Is only determined to be
LAt (1/27) = Sr) = 2 "% g2 ) OUPING Tla 15 O
2rfimy, an upper limit.
2h;  ms, < < The derivation is very sensitive to the

['(A,H(3/27) » Z.7r) = . . .
(Aer(3/27) 2 Onf mA(_1(3/2)p kinematical phase space because 4.,(2595)"

and A.(2625)" are close to the threshold of
. =@ Isospin violation ?

Direct measurement on the strong decays can answer this question !
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Measurements of strong transition

arXiv:2401.09225
- {s=4.950 GeV (d)

A.(2595)" and A,(2625)" » AT~

<+ Based on the previous cross section measurement
< After selecting A}, require additional #*=~ pair in each
event

< another A; be a missing particle and not required to
reconstruct (under E-P conservation)

. 26 262 2.64 266 2.68
M(A. ') [GeV/c?]
/ . . ol 15=4.950 Gev )

@

Th me branching fraction in Charge- ' , L L A
e same branching fractio Charge-Congjugate, ..., M (A [GeV/c?] 46

=)
)
L

b
o

Events/ 4.0 MeV/c?
N
(e}

N
o

Do
-

Events / 4.0 MeV/ 02




[(A.(2595)%)/hy* [MeV]

Results of Branching fractions

arXiv:2401.09225
| |Thisresult | Assumption
H.-Y. Cheng and C.-K. Chua, A (2625)" > Afm ™ 507 +50+49 67%

PRD 92, 074014 (2015) A,(2595)" > Afmtm~  <81% (at 90% CL) 67%

10 ———

" 20t

<+ Due to low momentum in decays of
A.(2595)%, the A,(2595)" - Afn*n~ Is not
observed.

F(AC+7T07T0)

<+ Likely the threshold effect also exist in
. decays of A,.(2625)*. B(A,.(2625)" —

- MaSS()(()/\C(25;§)2+)—MZE:(AC+)[i\TeV] e A-CF 7T+7T—) — B(Ac(2625)+ - /12_ T[OT[O)' if

considering the strong decays is 100% .
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Released results in the 2" period

- nrt

Cabibbo suppressed (hadronic)
/1+

PRL 128, 142001 (2022)

PRL 132, 031801 (2024)

ete™ > AT A7

AY > E

PRL 131, 191901 (2023)

A > nK*tm® (DCS)

PRD 109, 052001 (2024)

Af - nKgK*,nKmr*

arXiv: 2311.17131

AF > AKT?,
AK Yt~

PRD 109, 032003 (2024)

Af > Antn~etv,
AZ - pKse™v,

PLB 843 (2023) 137993

AF S pn, pw JHEP 11 (2023) 137 A 5 nKatn® PRD 109, 053005 (2024) Af et + X PRD 107, 052005 (2023)
A - pn’' PRD 106, 072002 (2022) AF - At r® JHEP 12 (2022) 033 I ->a+X PRD 108, L031101 (2023)
AF > pr® arXiv: 2311.06883 A >t 4y PRD 107, 052002 (2023)
AF > AK* PRD 106, L111101 (2022) A sp+y PRD 106, 072008 (2022)
AF - 30K+, K PRD 106, 052003 (2022) || A& = Ae'v, PRL 129, 231803 (2022)
AY 5 3 Ktrt arXiv: 2309.05484 AL = Aptv, PRD 108, 031105 (2023) ete™ > AF A arXiv:2312.08414

AZ - pK~e™v, PRD 106, 112010 (2022) At o Afmtn arXiv:2401.09225

>10 analyses are under review inside Collaboration
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Prospect at BESIII

Many charmed baryon thresholds BEPCII upgrade: In 2024
. " Ec'—i-'c _ , =1
KK 5 GEOL Scan data: 65 fb

| Semre e pemams sz, 4,01 GeV: 20 fbt DsDs
Wj‘ Pt i i 2 eress 4,60 GeV: 20 fbl A A,

*ﬂw —H— ———HH—+— »%—H—+—4—l1 ~+—H Others

Ml \__-_r__l iSESSiiSS v E.E. 6fbl 4.95-4.97GeV

000 E
’—1 Few data and potential physics v 'QCQC 6fbt 5.4-55GeV
- - = *  Total: 117fb1

Unique data samples at the thresholds for charmed baryons.
<»Hadron physics: spectroscopy, (transition-)form-factors, fragmentation ...
< Precise test of SM: weak decays, CKM, CP violation, rare/forbidden decays ...
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Summary

<+ BESIIl has collected dedicated data for the charmed
baryons between /s = 4.6 ~ 4.95 GeV

<*Productions and decays of ground-state A} have been
Investigated.

+The excited charmed baryons 4.(2595)* and A.(2625)* can
also be probed at BESIII. Production cross sections and
decay rates are measured for the first time.

‘0

*In 2024, the BEPC-II will be upgraded again. Larger data
sets covering the charmed baryons will be collected, and
more interesting results will be produced.




Thank you!
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