Charmed Baryons at BESII!
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* Interests in Charmed Baryons
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» Cabibbo suppressed decays of A{

» Excited Charmed Baryons

* Prospect at BESIII
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Charmed
Baryon

Charmed Baryon

S.-Q. Luo and X. Liu, PRD 108, 034002 (2023)
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Discovered shortly
after J /y

But, both experiment
and theory develop
slowly



Productions and Decays
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»» Form Factors
» Spectroscopy, New states?

2-JUL &BE

3700

T



Productions and Decays

W-exchange

W-emissio:JrC (suppressed in charmed meson)
£

C

> > >

q; q’

> >

q q

“*W-exchange not subject to color suppression
“* Significant Non-factorization contribution !
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Frontier of Particle Physics
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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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RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

BESIII experiment

RPC: 8

Electro Magnetic
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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Charmed Baryons at BESIII

Threshold effect for charmed hadrons
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Higher signal to bkg ratio
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Data sets at BESIII

1x10' events 3x10°events ¢.5fb-! 3 2 fp~1
Y A .
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130 points, 2.0< v/s < 4.6 GeV 20 fb~! 5.6 fb™" at 14 points
1 x 10° had. events each 4.6 <+/s <5.0GeV
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Publications related to A: at BESIII

The first period, with only 2014 data set

Hadronic decays

Semi-leptonic decays

A ~ pKm + 11 CF modes PRL 116, 052001 (2016) A; > Ae*v PRL 115, 221805 (2015)
A~ pK*K™,p*m PRL 117, 232002 (2016) Ac— Apty PLB 767m 42 (2017)

A, - nKm PRL 118, 112001 (2017) Inclusive decays

A~ pn, pr° PRD 95, 111102(R) (2017) A~ A+X PRL 121, 062003 (2018)
PR PLB 772, 338 (2017) A > et + X PRL 121, 251801 (2018)
A, — BOK PLB 783, 200 (2018) A > Ko+ X EPJC 80, 935 (2020)

A, - pK,n PLB 817 (2021) 136327 AcAc PRL 120, 132001 (2018)

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

2-JUL &RE 11



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"'_'_lnonres<:«nant7"'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 x10~5  Tp=90%
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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

(1294 0.07)% | 45% s=11
(1.25+ 010)‘V l33%
(4.4i 0)

( 6)

( Y% | 46% s=13

CL=95%
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o (pb)

Data sets collected

400

200

in 2020 and 2021

The 2nd period .

Ecms/ eV

Pahabha/Pb

: - dampie
ete” — AYA;
: 4610
: 4 BESIII 2023
: 4620
: <>-BESIII 2018
i Belle 4640
O N Threshold 4660
17 4680
4700
}+ + © ¢ o 0 o -
® 4740
: °? |°® 5 4750
| ‘ - T 4780
1 | 1 1 ] | | 1 I 1 1 ] 1 L L L | | 4840
4.6 4.7 4.8 49 4920
Vs (GeV) 4950

<+ 13 energy points between 4.61 ~ 4.95 GeV
<+ ~5.6 fb-1 collision data in total

4611.86=0.12+0.30
4628.00+0.06+0.32
4640.91+0.06+0.38
4661.24+0.06+0.29
4681.92+0.08+0.29
4698.82+0.10+0.36
4739.70=0.20+0.30
4750.05+0.12+0.29
4780.54+0.12+0.30
4843.07+0.20=0.31
4918.02+0.34+0.34
4950.93+0.36+0.38

103.65+0.05+0.55
521.53+0.11+2.76
551.65£0.12+2.92
529.43+0.12+2.81
1667.39+0.21+8.84
535.54+0.12+2.84
163.87+0.07+0.87
366.55+0.10+1.94
511.47+0.12+£2.71
525.16+0.12+2.78
207.82+0.08=1.10
159.28+0.07+0.84

< about 1 million A} A; pair productions



Strategies at BESIIT : double-tag

__ Process of interest

miss

< In the center-of-mass system, A/ is B
. producted associated with the other A..

® < “Tagged” one A, should exist the other

A7 in the opposite side.
& — Tag-side

Model-independent approach |

2-JUL &BE 15



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

600 F
400 F
200 F

600 |
F K
400 [

200 |

600 [ w0 _. [ -

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 A7

“*Charge-conjugate is included

2-JUL &BE 16



Decays in Charmed Baryons

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

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

2-JUL &BE 17



Predictions

H.-Y. Cheng, et al.

PRD 97, 074028 (2018) 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 ?

At - pn: consistent between exp. and theo.
<*The significant discrepancy in the channel A¥ - pr?
“*Interference between factorization and non-factorization?

Experimental results on A} - pn® and A} - nret are critical !

2-JUL &BE 18



Cabibbo suppressed (CS) decays

“*Cabibbo flavored (CF) decays have been shown consistent results
between experimental results and SU(3);

“*However, this is not applicable in CS decays

CEF modes
Decay branching ratio Data SUB3)F [22]
10°B(Af - =t7% 124410 128423
103B(A} — =tp) 7.0+2.3 7.1+3.8
103BAf — 2%7+) 129407 128423
10°B(Af — EOKT) 59409 55+1.4
103B(AF — pK©) 31.6+£1.6 327415
103B(Af - A7) 13.0+£07 12.8+1.7

2-JUL &BE

C. Q. Geng, et al.

PRD 97, 073006 (2018)
Predicted: B(pm®):B(nmrt)=1:2

CS modes

10*B(Af — =tK%) - 8.0£1.6
10°B(A} — £0k+) 52+0.8 404+0.8
10°BAT — pr¥ <2.7 57+1.5
10°B(AF — pn) 124+£3.0 12.573%
10°B(AF - nxt) - 11.3+£29
10°B(AF > AOKT) 61+1.2  46+009




A - nnt and A - pr®

Process of interest PRL 128 (2022) 142001

n ¢ data

seer AN T

120 - jj
o b e
> s sk Ml
2 il i 'Mﬂ ]
® L

\ . g * erec (é;V/cz)llz - 4 ACAC-bkg

& Tag-side , M W
/ N Y - 4
O e 1 L 12 1.3
% Select the signal * in the opposite side of the ST AZ. Mee (GeV/e?)

¢ Extract the yields from the invariant mass of the
missing part (i.e. neutron).

2-JUL &BE 20



Af > nnt and A} - pr®
PRL 128, 142001 (2022)

Branching fraction

Af >t 5049 (6.6 + 1.25¢a¢ £ 0.4y5¢) X 107
AY - Ant 376 + 22 (1.31 £ 0.084¢,¢ + 0.055y5;) X 1072
Af - 2%zt 343 422 (1.22 £ 0.085,¢ + 0.075y5¢) X 1072

R =B o nryptopnt) 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 35 PRD 97, 074028 (2018)
In 2022, disagree with 6.1+ 2.0 4.7 PLB 790, 225 (2019)

icti 1?
most of predictions I UL 487 4 2.0 9.6 JHEP 02 (2020) 165



Af > nrt and A} - pr®

PRD 109, L091101 (2024)

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

- Z

a | @ 50 }l #

c c

5] 5] M | |

-~ -~ )

ol bl I m.hﬁi&un.m
2.2 2.35 2.4 2.2 2.25 2.3 2.35 2.4

MY (GeV/®) ML (GeV/®)

“Similar strategy as A7 - nm™ is applied, but higher background
2D fit to extract the signal yield: ST A7 vs. signal A} — pn®
*Significance 3.7, branching fraction (1.5673:Z2 + 0.20) x 10~*

2-JUL &BE 22



6.6 1+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

8152067

The interference between factorization and non-

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

AY > nnt and Af - pr?

PRD 109, L091101 (2024)

R =B(A! -
nnt)/B(AF -

pr®)

3.2%422

>7.2@90% C.L.

4.7

4.5 or 8.0
3.5

9.6
7.1+7.3

0.08

12.69%5;%
50.94+259

Reference

PRD 109, L091101 (2024)

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

fac maybe Is not significant !
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Lastest results from BESIII E -

X 10} N
Result from BELLE N I

S Y
SU(3)f with only H(6) +T I »x

é m A BESII Belle's Limit
SU(3)f with both H(6) and H(15- mQ 5 + SU@E)I A SU@ DT
bar) l + SU@B) I W SU(3) O(T5)

+ COM (A) COM (B)
constituent quark model i 4 PMCA TDA
[ | | L

a dynamical calculation based on 0 2 4 6 8

pole model and current-algebra
topological-diagram approach

SU(3) flavor symmetry with O(15)

B (A[— pr®) (x107%)

“* Likely different from Belle

s consistent with SU(3)

SU(3) broken SU(3) respected

2-JUL &BE

prediction with representation
H(6) and H(15)
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Excited Charmed Baryons

B D IR AL 3 00 8 FF A S H 5% 45

& A4 1% 3k 2 BESITT 52 38 4% 4

Mass (GeV)

— 3.5 3.6
7 —— = o — Q. = & ﬂ.
— 3.4} = f S 3.5- S 9' %%%ﬂﬁ%ﬁuﬂ% ﬁ
17 1 33¢ 1F— 1 34} - ]
1ID== (332 N = s s
i I Dt th R B E AR B BRI
A.(2880) 1 3.1t E.(3080) —_2s ] g oI
. _— 28 ~
1D=3= = 1D=4= 32F —— ] FEARMEESS
A(2860) 2 1 30t 2 2.(3055) Z.(2965) ] Q,(3188) 0,(3119)
ol L (3 B
E A.(2765) | 5 glz@m p=E=EEE 3 == a:3063)
A.(2625) : * =,(2880) i 0,(3050)
‘ E(2815) 30k —— Q.(3000) ]
1P o= 1 28¢L 1P ]
A:(2595) £:(2520) =190 29¢ ]
s 1 27} =:(2645) 1
—a " T Y S
2(2455) 1 26t 15 ] 2.8 fuies) 1 DiHZM: LR EREFME FIERBTS
=/(2580) 18 SCUS AR B
[ A.(2286) 1 g = 1 27t ] RISKIG R 5%
ls 2.5 IS Q,TZ?)S) s a1 ol
o4 =,(2470) 26 FIFEAL: hE E Rl B & RE IR 53 B
. .0

MBHREA: L E

BXARIE: 13691146600

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

SIERML: mEMSRAKSE. PEMNERAS.
RE. WHEKE, mra‘ﬂk% X, 4t

CMS energy coverage:
Year 2019: 4.6 GeV > 4.95 GeV

2-JUL &BE 24



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

CDF Collaboration . .
PRD 79, 032001 (2009) R, = B0y = A(2595) n 7,)
N L B S B AL R B LA | B(Ag - A:M_ﬁﬂ)

I @ = (0.126 = 0.033(stat) 4:884; (syst),
N% 01 7 . _ BA) — A(2625)" ™ 7,)
= T B = AlpT )
& o H ’ } | | | = 0.210 * 0.042(stat) ig:ggé (syst),
§ ' L' I “ ) o . .
oLty J L A The production rate is different
0.28 0.30 0.32 0.34 0.36 0.38 0.40 . .
MATT)MAY)  (Govieh from LQCD prediction!
« A.(2595)" is at the threshold of 2.7 Exotic state?

* Analogous to problem of A(1405) and A(1520)?

2-JUL &BE 25



Production measurements at BESIII

N
* Af + A.” produced near the
e e threshold

@ < “Tagged” one /A, to extract the

production information

2-JUL & e 26



ete” > At A.(2595)" and A A,.(2625)

PRD 109, L071104 (2024)

% Select candidates of A7 - pK~n*
¢ Search for the excited states in the opposite side
“ Applicable only at +/s = 4.918 and 4.950 GeV

140 C T T T T T T T T T T T T T T T ] 160 T T T T T T T T T |

5y b 15=4918.0 MeV ( a) I o /s=4950.9 MeV A

..9 C ; b O 140 i P

S [ ~Data [% Sideband ] N —~-Data [ Sideband

é 100 = == Fit curve - ﬂ: 120 [~ === Fit curve

= 0 _ S, [/F_Ac(2595_)'] _ E 100 S, ., [AiA(2595)] (b)
D VE TS [A(2595)] : <+ S,, [AX(2595)]

S b Sime [AA:(2625)] - g — S, [A/R,(2625)]

S 0F —s, A, es25)) B : 80 e ¢

~ N i - < —S_ [A.A,(2625)]

0 - == AT e ~ B0 e

E 40 -_ —- E - ACECE .. /]

s F ] S 4f "9 -

R 0f N E z 4 ~

- e pd T e T 7] 20
0t e T o e T T o ril bl - “, A
2.56 2.58 2.60 2.62 0 B R o ol - ol
MY [GeV/c?] 2.55 2.60 2.65
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ete” - A A

~e'e’ - AJA,(2595)+c.c.
- ¥ Data !

| — Fit curive

| -~ Threshold

z | :

2 L )

o —e‘e’ - AJA.(2625) +c.c.

| @ Data |

| —Fit cur!ve
--*Threshold

B |

100

.(2595)" and A}A4,.(2625)"

1 **Model dependent fit and ISR correction with

2mm, Co

(s —c1)*[m? + 1n2(A2S
QCD

_DPhs
S S

o(s)

)7

| **Non-zero cross section at the threshold for

A.(2625)*

1 % A.(2625)" production rate is 2-3 times higher

"860 4880 4900 4920 4940 +
v than A.(2595)
Signal process ete” — AFA(2595)" + c.c. ete” — A A.(2625) +c.c.
Vs (MeV) 4918.0 4950.9 4918.0 4950.9
Niig 148 + 29 216 £ 27 311 £ 28 552 £ 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£0.9 204£3M £ 2.4 43.4+£4.0+4.1 76.8£6.5+4.2




Form factors in efe™ - A7 A,.(2625)"

 eve” o AA(2625) +c.c. _ do 1 ,
AP0 o 1= 4918.0 Mev ] Toosd X (1+cos?0) (|G [*+3|Gm[*) +=|Gc|* sin®
3 | 1s=4950.9 Mev ] T
100 B 2
= f(cos) x (14 ap cos*0)
£ sof ]
= f
@ L
0F J
I B B B B 2 2
10 05 00 05 10 Gel"+3|Gu[" _ 1 1+aa,
cos0 Go|? T 1—ay,
The direction of angular curve flips In
—
very narrow range !
. L A, 0.82+0.56+0.02 ~0.60+0.20+0.01
** Osclllation feature as
J1Gal? + 31Gu2/|Gs| 59544074015 0.94+0.32+0.02

proton/neutron ?
** Need fine scan in future ! 2 UL &R 29



Decays of A.(2595)" and A.(2625)"

PDG-2022

¢ Strong transition is dominant.

“* Relative measurements was performed w.r.t mode Afm ™~
<*Isospin relation is assumed: Afntn™ : Afn7® = 2:1

| Ac(2595)* 1UP) = 0(37) Ac(2625)* | 1Py =0(37)
JP

3= A
The spin-parity follows from the fact that X.(2455)w decays, with has not been measured; 3 5 the quark-model prediction.
little available phase space, are dominant. This assumes that JP = Mass m = 2628.11 + 0.19 MeV (S — 1_1)

1/27F for the X.-(2455).
/ c(2455) m—m,, =341.65+ 0.13 MeV (S =1.1)
Mass m = 2592.25 + 0.28 MeV A

c
m —m,, = 30579 + 0.24 MeV Full width ' < 0.97 MeV, CL = 90%

Full width T' = 2.6 + 0.6 MeV Az'mr and its submode X(2455)x are the only strong decays allowed to an

+ i i
A and its submode X -(2455)m — the latter just barely — are the onl ; . .

c™m c(2455) = J y y excited Aé’ having this mass.
strong decays allowed to an excited /l; having this mass; and the submode

seems to dominate.

p
Ac(2625)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

/lc(2595)+ DECAY MODES Fraction (I;/T) p (MeVjc) T
At b 6] — 117 Alm'm ~ 67% 184
5, (2455)F+ 71— 24+ 7% ' X (2455) Tt 7~ <5 90% 102
> (2455)0 7+ 24 + 7 % t 5 (2455)0 ¢ <5 90% 102

+ — [} +

Al 7+ 7~ 3-body 18 + 10 % 117 A xt 7~ 3-body large 184

See Particle Listings for 2 decay modes that have been seen / not seen. ,_j;| 2gn  Gee Particle Listings for 2 decay modes that have been seen / not seen.




Strong transition between P and S-
wave

Two Couplings in heavy hadron chiral perturbation theory
“*Due to the decay width of A,(2625)" is almost
; ero, the coupling hg 1s only determined to be
[(An(1/27) = Sor) = 2 M g2 © o PIng e 5 01 |
2rfzmy an upper limit.

2hg  my, . “*The derivation is very sensitive to the
Onfzma,2  kinematical phase space because 4.(2595)*
and A.(2625)" are close to the threshold of

X.m =@ |sospin violation ?

F(Acl(3/2_) — Zcﬂ) —

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

PRD 109, 112007 (2024)
[ s=4.950 GeV (d)

A.(2595)" and A.(2625)" - At ™
“* Based on the previous cross section measurement
% After selecting At require additional m* ™ pair in each event
“* another A; be a missing particle and not required to

reconstruct (under E-P conservation)

Events/ 4.0 MeV/c?
= o
(e} o
| T T I T

o
o
T T I T T T

- T,

0_ i Rt | -
- - 26 262 264 266 2.68
M(A. ') [GeV/c?]
/ . . g0l 1s=4950GeV (f)
\(_3 L
> L
g B
<t L
93 A
>
= |
i Rt
0

Model-independent 26 20 26 266 368

2-JUL & AE M, (A [GeV/e?] o



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

Hai-Yang Cheng and Chun-Khiang Chua,

Results of Branching fractions

PRD 92, 074014 (2015)

0
296

298

| 2('+

300 302I I \364I I I366I J
Mass(A.(2595)")—Mass(A.H)[MeV]

308

PRD 109, 112007 (2024)

| Thisresult

A.(2625)" > ATt~ 507 +50+49 67%
A.(2595)% > Armtm~  <81% (at 90% CL) 67%

“*Due to low momentum in decays of
A,(2595)* the A.(2595)" - Attt is
not observed.

“*Likely the threshold effect also exist in
decays of A.(2625)". B(A,.(2625)" —
Afntn™) = B(A.(2625) - Afn%x0), if
considering the strong decays i1s 100% .
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Released results in the 2"d period

- nrt

Cabibbo suppressed (hadronic)
/1+

PRL 128, 142001 (2022)

Cabibbo favored (
AY > E

PRL 132, 031801 (2024)

ete™ > AT A7

PRL 131, 191901 (2023)

AF > 30K THKq

PRD 106, 052003 (2022)

Af - Aetv,

PRL 129, 231803 (2022)

AF 5 pn,pw JHEP 11 (2023) 137 Ar - nKSn+7t0 PRD 109, 053005 (2024) AF s et+X PRD 107, 052005 (2023)
Ar > py’ PRD 106, 072002 (2022) | | Af — An*n® JHEP 12 (2022) 033 A >a+X PRD 108, L031101 (2023)
Ar > pr® PRD 109, L091101 (2024) AY >t 4y PRD 107, 052002 (2023)
AF > AKY PRD 106, L111101 (2022) AY 5 p+y PRD 106, 072008 (2022)

A > X Ktnt

PRD 109, L071103 (2024)

At - Autv,

PRD 108, 031105 (2023)

A > nK*tm® (DCS)

PRD 109, 052001 (2024)

Af - pK~etv,

PRD 106, 112010 (2022)

T H= + Ax—
ete” = A; A

PRD 109, L071104 (2024)

At > nKKt, nKgmt

arXiv: 2311.17131

AF > AKtr0,
AK Yt~

PRD 109, 032003 (2024)

At > Antn~ety,
Af - pKse™v,

PLB 843 (2023) 137993

At > At

PRD 109, 112007 (2024)

>10 analyses are under review inside Collaboration
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Prospect at BESIII

Many charmed baryon thresholds BEPCII upgrade: In 2024
A A S gzc:" § 00 Scan data: 65 fb?
' 26 = a.69—fo5 Gev sz, 4,01 GeV: 20 fb! DsDs
[% s i e erees 4,60 GeV: 20 fbl A A,
‘}U’M HH+—H— ; H+—+— }_++~4_4__ Others
W v E.E. 6fbl 4.95-4.97GeV
000 E
”‘l ’—r Few data and potential physics o ‘Q Q’ 6fb* 5.4-5.5GeV
- - *  Total: 117fb-1

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

<+ After the upgrade, the BESIII has collected dedicated data
for the charmed baryons between /s = 4.6 ~ 4,95 GeV

+The A7 - nn* and Al - pn® have been investigated, and
SU(3)f provides consistent predictions.

+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.

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