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Why charmed baryons are relevant today?

Typically, a bottom baryon will decay to a charmed
baryon

Most of the information are available only for A.
Scarse for other charmed baryon
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Why charmed baryons are relevant today?

A(2595) and A(2625) are usually assigned as degenerate P-wave JP=1/2"and JF = 3/2 partners
CDF observed Ay, = A pv decay rates

—  Higher probability of A.(2625)

—  Contradicts Lattice QCD at larger g (PRD 103, 094516 (2021), PRD 105, 054511 (2022))

—  Proposed dynamical structure for A.(2595) that sits close to Xt threshold, similar to A(1405) and A(1520)

LHCb has observed hadronic decays A. = AJt and reported similar decay rate (Phys. Rev. D 85, 092001 (2012))

Citation: 5. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

1(JP) = 0(37) Status: *k k%

1(P) = 0(37) Status: k%

The Af 7" 7~ mode is largely, and perhaps entirely, X, which The spin-parity has not been measured but is expected to be 3/2~

is just at threshold; since the I, has JP — 1/2%, the JP here is this is presumably the charm counterpart of the strange A(1520).
almost certainly 1/27. This result is in accord with the theoret-
ical expectation that this is the charm counterpart of the strange A,(ZSZS)"‘ MASS
A(1405). L
The mass is obtained from the A(2625)F~A mass-difference measure-
ments below.
Ac(2595)+ MASS
X ot VALUE (MeV, EVTS DOCUMENT 1D TECN_ COMMENT
The s s obtained from the A(2595)F—A7 mass-difference measure- 2628.00£0.15 OUR FIT
ments below. © o & We do not use the following data for averages, fits, limits, etc. o o
VALUE (o) DOCUMENT 1D 26266 £05 =15 42+0 ALBRECHT  93F ARG  See ALBRECHT 07

2502.25+0.28 OUR FIT

Ac(2625)% — A} MASS DIFFERENCE
A(2595)+ — A} MASS DIFFERENCE

VALUE (Mev EvTs DOCUMENT ID TECN_ COMMENT
VALUE (MeV) EVTS DOCUMENT 1D TECN _ COMMENT ;:: :gg 83: ::IERAGE
305.79+0.24 OUR FIT B .
305.70.£0.14£0.20 15k AALTONEN  11H CDF  pp ot 1.06 TeV 341.5180.006::0.049 30.3k WANG 23 BELL et e at/near T(45)
+ ¢ o We do not use the fllowing data for averages, i, imits, etc. o » o 34165 £004 £012 - 6.2 AALTONEN 11 CDF  pp at 1.96 TeV
5 ges, Ts, mits, ’ 3421 £05 +05 51 ALBRECHT 07 ARG ete ~ 10 GeV
3056 £03 BLECHMAN 03 Threshold shift 3422 +02 05 245 EDWARDS 05 CLE2 ete~ ~ 10.5GeV
309.7 £09 £0.4 19 ALBRECHT = 97 ARG eTe™ = 10 GeV 3404 +06 %03 40 FRABETTI 04 E687 7Be E, =220 GeV
3002 £07 £03 1445 FRABETTI 06 E687 yBe E,~ 220 GeV !
307.5 £04 £10 11217 EDWARDS 05 CLE2 ete~ = 105 GeV . (2625)* WIDTH
LBLECHMAN 03 finds that a more sophisticated treatment than a simple Breit-Wigner (2625
for the proximity of the threshold of the dominant decay, X(2455), lowers the
VALUE (MeV) % EVTS DOCUMENT ID TECN _ COMMENT
A(2595)F — A mass difference by 2 or 3 MeV. The analysis of AALTONEN 11H o o ey
e this out. € <0.52 9% 30.3k WANG 23 BELL et e at/near T(45)
o o We do not use the following data for averages, fits, limits, etc.  » o
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VALUE (MeV, EVTs DOCUMENT 1D TECN  COMMENT <32 %0 ALBRECHT  03F ARG ete™ =~ T(45)
2.50::0.30£0.47 35k 2AALTONEN 11H CDF  ppat 1.96 TeV

4 fncas\E AFAAV LAAREE



Why charmed baryons are relevant today?

* Y. are the natural counterpart of A., with which share
the same valence quarks

~— 2 have “bad” diquark [ud]sin-1 that makes them heavier
— Comparison with fully light hadrons

* 22 bound state is predicted with different models to
describe the X2 interaction

— However, no experimental data



Why charmed baryons are relevant today?

Even the A. have still some limited knowledge:
* jump of cross section nearby threshold,
* oscillating behaviour of the G¢/Gy ratio,
* many unmeasured final states with neutrals

ete’ = AJA] N ee AN
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BESIII @ BEPCII

RPC: nine layers

RPC: eight layers
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Studying charmed baryons at BESII|

Single or double-tag analyses:

D, D, Ac

D, Ds, A.

Unique samples of charmed baryons
at thresholds!

AN\ =4.573 GeV
N2 =4.739 GeV
AN "=4.878 GeV
22 =4.906 GeV
== =4.934 GeV

Data samples

Single tag: High efficiency, higher background
Double tag: excellent purity, lower efficiency

EcmsMeV

Sample Linaba/pb | -ijfphomn«"PbJ Ratio (%)
4610 4611.86+0.12+0.30 103.65+0.05+0.55 103.37+0.13 99.73+0.59
4620 4628.00+0.06+0.32 521.53£0.11£2.76 520.17+0.28 99.74+0.55
4640 4640.91+0.06+0.38 551.65+0.12+2.92 550.67+0.29 99.82+0.55
4660 4661.24+0.06+0.29 529.43+0.12+2.81 527.53+0.29 99.64+0.55
4680 4681.92+0.08+£0.29 1667.39+0.21+£8.84 1665.88+0.51 99.91+0.54
4700 4698.82+0.10+0.36 535.54+0.12+2.84 533.66+0.29 99.64+0.55
4740 4739.70+0.20+£0.30 163.87+0.07+0.87 165.08+0.16 100.74+0.58
4750 4750.05£0.12+£0.29 366.55+£0.10£1.94 367.57+£0.24 100.28£0.56
4780 4780.54+0.12+£0.30 511.47£0.12+£2.71 512.03+0.29 100.11+0.55
4840 4843.07+0.20+£0.31 525.16+0.12+2.78 526.01+0.30 100.16+0.55
4920 4918.02+0.34+0.34 207.82+0.08+1.10 208.09+0.19 100.13£0.57
4950 4950.93+0.36+0.38 159.28+0.07+0.84 159.85+0.17 100.36+0.58

Chin. Phys. C 46, 113003 (2022)



Today’s results

Absolute BR of A. hadronic decays - arXiv: 2601.01503 -
accepted by JHEP

Cross section of 2.2, and X A.- PRD 112 (2025) 9, 092017
Cross section of AA(2XXX) - PRD 109 (2024) 7, L071104

A (2xxx) = Agut - PRD 109 (2024) 11, 112007

A huge list of A. papers available at request @



BR of hadronic arXiv: 2601.01503

|
—K[J Crrd
A decays wl " o g
400} |
. . . . 500} ..
Improve precision of A. crucial to pin down charmed 200
baryons 5 o
I -
7 Data sample from 4.6 to 4.698 GeV o oot | Ern
—
Study of 12 hadronic final states Z awof |
—  First ST studies E 200 |
ﬂ. | | | L
—  Then DT measurements ~  400F — | :
] PR | E(TL'_
= 300} s
g 300 | 200 |
&= 200 200f | 100k |
100 100%
200 : : = Ai—pKT A PR I B B AP B A IPEP I TR B B B
-, | -#-Data 3 L | L
s iy 400 mie | 10 s |3 prr
= " BKG 300} | |
ﬁlum—_ ] — Hadron BKG
== 200}
= | 100 |
0_ ;i T = 0 A i ki iy )| PR O AP B P PR 0 e || PSSP I W
26 e 23 ) 23 2.26 2.28 2.3 2.32 226 228 2.3 2.32 2.26 2.28 2.3 2.32

M % (GeVie?)

10



arXiv: 2601.01503

BR of hadronic A. decays

Global fit to extract branching ratios and yields for energy

Signal mode Global fit PDG

pK2 1.70 £+ 0.03 + 0.05 | 1.59 + 0.07
pK—mt 6.61+0.11+0.12 | 6.24 £ 0.28
pKox® 2.19 4+ 0.06 + 0.05 | 1.96 £ 0.12
pKOrtr~ | 1.88£0.04 £0.07 | 1.59 +0.11
pK—mtn® | 480+0.10+0.11 | 443 +0.28
Azt 1.32 £ 0.03 £ 0.03 | 1.29 £ 0.05
Axta© 6.67+0.13+0.10 | 7.02 £ 0.35
Arta=at | 4.09£0.09£0.10 | 3.61 £ 0.26
Xoqt 1.45 £+ 0.03 £ 0.03 | 1.27 £ 0.06
Ttal 1.37 £ 0.04 £ 0.03 | 1.24 £ 0.09
Ttata 4.58 £0.10 £ 0.10 | 4.47 £ 0.22
prta 0.50 £ 0.02 + 0.01 | 0.46 £ 0.03

V3(MeV) [ N, .5 (x10%) o(pb) |Gegr|(x1072)

4599.53 98.0+ 1.8+ 0.5 | 213.1+3.9+ 1.9 | 53.8 +0.5+0.2
4611.86 17.7£05+£01 | 211.5+6.0+2.0 | 49.5+0.7+0.2
4628.00 898+ 1.6+0.4 |207.6+3.7+1.8 | 45.6 +0.4+0.2
4640.91 96.1+1.94+05 | 2065+4.1+1.9 | 43.5+0.4+0.2
4661.24 943+ 1.8405 | 2062+3.9+20 | 41.2+0.4+0.2
4681.92 | 28434+49+13 | 1920+33+1.8|381+04+0.2
4698.82 842+ 1.7404 | 172.0£3.5+22 | 35.0 £ 0.4+ 0.2

a
Gegl=, | ———.
|Gest| “?{J—k%}'

Factor 2 or 3 better than previous measurements

11



PRD 112 (2025) 9, 092017

ete > 22 and ete -> Y A,

Search for ete" = Y. 2. (and excited states) crucial to understand the hadronization

from e+e- = ccbar.

Isospin violating e*e- = X A. can also provide information to diquark (ud) attachment

Dataset

/5 (MeV)

Luminosity (pb™')

4750.05 = 0.12 £ 0.29
4780.54 £ 0.12 £ 0.30
4843.07 + 0.30 + 0.32
4918.02 £ 0.34 £ 0.34
4950.93 £ 0.36 = 0.38

366.55 £ 0.10 = 1.95
51147 £ 0.12 £ 2.72
525.16 + 0.12 + 2.79
207.82 £ 0.08 £+ 1.10
159.28 £+ 0.07 = 0.85

A tagged via four hadronic modes (pKm, pKs,
Amt, Yon)

Y. reconstructed by adding to a A. an additional
pion

> 2. cross section very complicated to be extracted due to A.* contributions.

Three dataset are extracted by the number of pions associated to A,

A.tag: O pions

At tag: 1 pion (any charge)
Aawt tag: 2 pions (any charge)

12



PRD 112 (2025) 9, 092017

—~ 0.8 T ; T
o g |
. |+ Hypothesis 2 & _
2.c Cross section Y el A
=) 5 o,
s ! S
u:. 0.4 o o =
No signal found. Extracted upper limits with different = ;
lineshape hypotheses b§. 0.2 &
At least 2 order of magnitude suppressed with b T Ry a——
respect to e'e” > A, Is (GeV)
Vs I baseline Hypothesis 1 Hypothesis 2
fvp 1.06 1.06 1.06
4.918 GeV fisr 0.96 0.68 0.58
OBorn < 0.55 pb < 0.61 pb < 0.83 pb
fvp 1.06 1.06 1.06
4,951 GeV fisr 0.96 0.81 0.79
OBorn < 0.34 pb < 0.39 pb < 0.49 pb

Results aligns with Belle etfe = AX (~141 pb) and XX (~8 pb), where a similar suppression is
observed. (Phys. Rev. D 97, 072005 (2018).)

However, measurement of XX is ten times larger away from threshold. Reason to be investigated
since not the same in light hadron case (AA ~ 90 pb, 5% ~ 30 pb) 13
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PRD 112 (2025) 9, 092017

> A\ cross section

-+ Data
[-—Fit result
—AR.
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2.4 25

No signal observed at any energy

~1% magnitude wrt to A/ provides

RM(AZ) + M(AY) - m(A}) (GeV/e?) RM(A]) + M(AY) - m(AY) (GeV/c?) . > g
T % information about the magnitude of
i - il 2 electromagnetic contribution in the
s S a0 production of charmed hadrons
= % 200} %3
(s = 4.843 GeV i (s = 4.918 GeV @ 100 (s = 4.951 GeV
2.2 2.3 2.4 2.5 0 22 2.3 2.4 2.5 B 2.2 2.3 2.4 25
RM(AZ) + M(AL) - m(A}) (GeVic?) RM(AZ) + M(A) - m(A!) (GeV/c?) RM(AY) + M(AY) - m(A) (GeV/c?)
NG 4.750 GeV 4.781 GeV 4.843 GeV 4.918 GeV 4.951 GeV
R(a) (%) _ <11 < 0.6 <15 < 3.4 < 1.6
oRom(ee™ = AFA) (pb) 134+3+4 127 +2+4 83+2+3 96 + 3 +4 88 +£4+3
oBorn(eTe™ — ATZT) (pb) < 1.52 < 0.76 < 1.26 < 3.26 < 1.38

14




PRD 109 (2024) 7, L071104

et e = AA(2xxx) cross section

No measurements of AA(2595) and AA(2625) cross section exists

BESIII can use the datasets above 4.9 GeV:
- ~208/pb @ 4918 MeV
- ~170/pb @ 4950 MeV

Analysis strategy:

- MC simulation of the prompt A. = pKrt and from the decay of the excited charmed baryon (via Agur)
- count all the events with my, > 2.5 GeV

- use sideband to account for background
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PRD 109 (2024) 7, L071104

et e = AA(2xxx) cross section

Count the events in the A.recoil mass:
See are from prompt A.
Sinte are A from excited baryon

=
)

T I r & 5 I £ Fr = I F & &
Vs=4918.0 MeV
--Data []Sideband (a)

o]

d
o

=]
=

= Fit curve

— Sim [AZA(2595)]
S.. [A{R(2595)]

— S nte [ALA(2625)]

— S, [A;A(2625)]

— AT

== dqq

o]
]

B
=)
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20
—— e B A e e -—
R R R S e S T |
2.56 2.58 2.60 2.62
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Nsig — chf\-’PfISHB(gee + Einte);

2595 2625
NOI:)S — Nglg —I_ Nsig + N])kg:

160 T
L $=4950.9 MeV
0 140 R ”
> —-Data | Sideband (b)
$ 120 = Fit curve
hw-' 100 =8, . [ATA(2595)]
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To extract born cross section,
assuming no CP violation 16



PRD 109 (2024) 7, L071104

et e = AA(2xxx) cross section

100 —e*e” — AJA (2595) +c.c.

- ¥ Data !

1
. — Fit curyve
i -—-Thresl?old

o [pb]

| @ Data |
— Fit curve
-=-:Threshold

1
50|-e*e” — AR (2625)+c.c.

O 1 " L P 1 "
4860 4880

L | ST S SN (N T T T L L
4900 4920 4940

2mm.. co

s )(3 —c1)4[n2 + 1112(Ags )2’
QCD

Lineshape used to estimate vacuum polarization
and efficiency.

Non-zero cross section at threshold due to the
Coulomb factor C

Vs [MeV]
Signal process ete” — ATAL(2595) +c.c. ete” — ATAL(2625) +c.c.
Vs (MeV) 4918.0 4950.9 4918.0 4950.9
Nsig 148 = 29 216 £ 27 311 £+ 28 552 £47
o (pb) 156 £3.1+09 204+£37+£24 43.4+40L£4.1 76.8 £6.5£4.2

First ever measurement of these processes

17

Similar to A, semileptonic decay!



PRD 109 (2024) 7, L071104

A.(2625) form factor

For A.((2625), owing to larger statistics, it is possible to extract the a,. parameter from
angular distributions

- This is also connected to ratio of form factors
Len [ €' — AIAL(2625)+c.c. h via

2150 i @ Vs= 4918.0 MeV (b) .
= [ - (s= 4950.9 MeV ‘
E100E B IGel® +3|Gum|* 14 aa,
<IN |Ge|? 1 —anp,
ﬁ =
3 L .
S 50 -
= N ]
S o Sign flip very close to the pair

production energy?

-1.0 0.5 0.0 0.5 1.0

cosO
Signal process eTe” — ATAL(2595) +c.c. ete” — ATAL(2625) fc.c.
Vs (MeV) 4918.0 4950.9 4918.0 4950.9
aa, - - 0.82 = 0.56 = 0.02 —0.60 = 0.20 + 0.01
VIGE? +3[Gum 2/ |Ge| - - 5.05 + 4.07 £ 0.15 0.94 + 0.32 + 0.02 18




PRD 109 (2024) 11, 112007

Absolute BR of A(2625) = AJUT

Studying dominant hadronic decays of excited charmed hadrons are crucial to understand their
nature and provide experimental information to phenomenological models

Use ete” = A\ (2xxx) process, one /\. is tagged through 3 hadronic modes (pKr, pKs, Art*)

: e b e ™ . .
@ - o reoped () - e W e Partial reconstruction method:
7 Nl st s Only A, 1T, 1T are reconstructed
Inclusive Decay, Tagged by three — | ___--__—_r"’"

Unreconstructed hadronic modes

Best candidate is selected using

2 2
AIVIJ lebeam — (Z Ei)] - (Z ﬁl) - mi?Gﬂ

19
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Tagged by three Inclusive Decay
hadronic modes Unreconstructed
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PRD 109 (2024) 11, 112007

Absolute BR of
(2625) = AJuUT

Tag mass to identify the A.

We expect then two contributions:
- if Acis prompt, a narrow A.* signal appears

- il Acis from A*, a wider A*

signal appears

We combine the shapes to extract the number of

events

(5=4.950 GeV
Dsi‘ﬁ of A(2625)"

Spe of A(2625)

£58 259 26 261 262 263 264 265 266 267 2
M(A{TT) (GeV/d)

3
8
8
8
| RS ERES RAAY LEAS RS R RERE LALHRERY |

5=4.950 GeV
S of A(2625)"

S of A(2625)"

rwll IS T R T
58 259 26 261 262 263 2.84 265 266 267 2
S
Mo (A2 (GeV/d)
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PRD 109 (2024) 11, 112007

Absolute BR of A(2625) = AJUT

A decays pK—7wT pKY Ant

cag / % 46.6 (47.4) 50.0 (49.6) 38.3 (37.6)

RS AL (2625)F s / % 14.6 (15.0) 16.1 (16.2) 12.0 (11.9)
fic c x

Niag 418.7 £ 34.4 (670.9 £ 55.6)
Nuig 66.8 + 6.6 (107.8 + 10.6)
B/ % 50.7 £ 5.0 £ 4.9
crog | % 48.5 (48.8) 49.9 (49.0) 385( 7.8)
AT Au(2595)+ esig / Yo 2.0 (2.5) 2.2 (2.7) 6 (2.1)
Ntag 1532i290(210&ﬁ:28 3)
Nsig < 4.2 (9.0)
B/ % < 80.8

11.90 significance for A((2625)— AJut

No signal of A.(2595)

BR lower than expected from theoretical
prediction of isospin symmetry in the decay

Threshold effect in the decay of A(2625) as
in the decay of A(2595)?

This is the first absolute measurement of the process and can provide crucial element to
HHChPT models and guide the discovery of other decays

21



Chin.Phys.C 44 (2020) 4, 040001

BESIII and BEPCII upgrades

Courtesy of Yu Chenhui (IHEP)
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BEPCII upgrade project
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. T .
BEPCII upgrade aims at: |ncrease luminosity by a factor of 3 & Increase beam energy to 2.8GeV

Key Technologies: Double beam power & Optics upgrade & New high gradient of magnets

Upgrade started in 2024 and completed early 2025
Upgrade of machine (luminosity and center of mass energy)

Upgrade of the inner tracker: the new CGEM-IT -
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Summary and outlook

(Excited) Charmed baryon are one of the cornerstones for the study of Lb
- And are exciting by themselves!

BESIII offers an unique look to study charmed baryons close to threshold
— Cross section and absolute branching ratio are achievable!
— Lower production cross sections but clean environment

In 2024, BESIII upgraded the machine and the detector to expand its reach
— Reached 1.1x10% cm?s* at 4.7 GeV, useful for charmed baryon
— New inner tracker for better study of low momentum particles
- New upgrade of center of energy scheduled in 2028
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Additional material
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A polarization

Complete extraction of many parameters from
efe —=> A A

4 two-body final states (Art*, pKs, 2o, 2*1t°) and the
golden channel A. = pKrt used

Using all dataset from 4.6 to 4.95 GeV, ~6.4/fb

To extract polarization, full fit to helicity distribution
Ya
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A polarization

Extraction of cross section, | GE/GM| ratio and their relative phase

——— Theo. Cal. (2024)

$  This work
{  BESIII previous results
== Theo. Cal. (2021)
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While theoretical models descibe well the ratio, still
large discrepancies on the phase
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A polarization

Extraction of cross section, | GE/GM| ratio and their relative phase

$  This work
{  BESIII previous results
== Theo. Cal. (2021)

——— Theo. Cal. (2024)
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Non-zero relative phase implies a net
polarization, that shows dependence
as a function of the /. emission angle

While theoretical models descibe well the ratio, still
large discrepancies on the phase
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A polarization

ArXiv: 2508.11400

TABLE III. Results for ag, A®, and transverse polarization of A at 13 energy points, where the first uncertainties are
statistical and the second are systematic. In the table, SL means the significance level of non-zero A®, o represents the

standard deviation, and ‘P;”;;mam is the largest transverse polarization.
Vs [MeV] ag in previous work [17, 82] ap in this work A® [rad] SL 'Pi’fam
4600 —0.20+0.04 +0.02 —0.226 + 0.030 + 0.004 —0.100 + 0.069 + 0.009 2.2 ¢ —0.026 4+ 0.018 4+ 0.002
4612 —0.26 +0.09 + 0.01 —0.160 + 0.083 + 0.004 —0.146 + 0.162 + 0.030 1.1 ¢ —0.038 £+ 0.042 + 0.008
4628 —0.21 +0.04 +0.01 —0.181 + 0.038 + 0.001 —0.371 +£0.082 +0.012 6.8 ¢ —0.095 + 0.020 + 0.003
4641 —0.09 £ 0.05 £ 0.01 —0.060 £+ 0.039 £ 0.003 —0.398 = 0.073 £ 0.015 7.6 ¢ —0.099 £ 0.017 £+ 0.004
4661 —0.02 £ 0.05 £ 0.01 0.008 £0.044 £+ 0.003 —0.496 £ 0.088 £ 0.021 8.5 0 —0.119 4+ 0.019 + 0.005
4682 0.154+£0.03 £ 0.01 0.102 =2 0.029 &£ 0.003 —0.502 £ 0.054 £ 0.021 14.1 ¢ —0.116 £ 0.011 £+ 0.005
4699 0.34 +0.07 £ 0.01 0.305 £0.055 £ 0.010 —0.545+0.1144+0.028 7.1 ¢ —0.112 + 0.021 £ 0.007
4740 0.49 +£0.16 = 0.03 0.358 £0.126 £ 0.008 —0.097 +£0.190 4+ 0.016 0.4 ¢ —0.020 + 0.039 £ 0.004
4750 0.424+0.10+£0.01 0.347 £0.079 £ 0.004 —0.316 £0.142 4+ 0.019 3.1 ¢ —0.065 4 0.029 + 0.005
4781 0.17 4+ 0.07 £ 0.01 0.157 £0.062 £+ 0.007 —0.395+0.126 £ 0.028 5.1 ¢ —0.090 + 0.027 £+ 0.007
4843 0.38+0.10 £ 0.01 0.282 £0.089 £ 0.019 —0.385+0.15634+0.034 3.6 ¢ —0.082 + 0.031 £ 0.008
4918 0.62+0.17+0.01 0.612 £0.150 £ 0.019 —0.423 +£0.2724+0.024 1.9 ¢ —0.067 + 0.043 £+ 0.013
4951 0.63 +0.21 £0.01 0.744 = 0.179 + 0.007 —0.700 £0.392 £ 0.058 1.8 ¢ —0.086 + 0.050 £ 0.030
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A
polarization

Comparison of
angular distribution
from theoretical
calculation and
experimental data

Theo. and Exp.

Kdérner (1992), CCQM
Xu(1992), Pole

Cheng, Tseng(1992), Pole
Cheng, Tseng(1993), Pole
chcuykuwski (1994), Pole
chcuykokai (1994), Pole
Alakabha Datta(1995), CA
Ivanov(1998), CCQM
Sharma(1999), CA
Geng(2019), SU(3)
Zou(2020), CA
Zhong(2022), SU(3)"
Zhong(2022), SU(3)”
Liu(2023), Pole
Liu(2023), LP
Geng(2023), SU(3)
Zhong(2024), TDA
Zhong(2024), IRA
Zhong(2024), TDA
Zhong(2024), IRA
CLEO(1990)
ARGUS(1992)
CLEO(1995)
FOCUS(2006)
BESIII(2019)

Belle(2022)

Belle(2022)

LHCb(2024)

PDG Fit

This work
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