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We present the first model-independent measurement of the absolute branching fraction of the A —
pK~r* decay using a data sample of 978 fb~! collected with the Belle detector at the KEKB asymmetric-
energy e e~ collider. The number of A} baryons is determined by reconstructing the recoiling D*)~ pz*
system in events of the type ete™ — D™)~pz*A}. The branching fraction is measured to be
B(A} - pK~nt) = (6.84 +0.247027)%, where the first and second uncertainties are statistical and
‘systematic, respectively.
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We report the first measurement of absolute hadronic branching fractions of A} baryon at the A} A7
production threshold, in the 30 years since the A discovery. In total, 12 Cabibbo-favored A hadronic
decay modes are analyzed with a double-tag technique, based on a sample of 567 pb~! of e* e~ collisions
at /s = 4.599 GeV recorded with the BESIII detector. A global least-squares fitter is utilized to improve
the measured precision. Among the measurements for twelve A} decay modes, the branching fraction
for AY - pK~n" is determined to be (5.84 + 0.27 4 0.23)%, where the first uncertainty is statistical
and the second 1s systematic. In addition, the measurements ol the branching fractions of the other 11

Cabibbo-favored hadronic decay modes are significantly improved.




After the breakthrough

Reference/normalization mode
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Belle, PRL 113 (2014), 042002

«[BESIII: (5.84 + 0.27 + 0.23)%
BESIII, PRL 116 (2016) , 052001

PDG 2016: (6.35 + 0.33)%

PDG 2023 update  (6.26 & 0.29)7%

BE.—>E®
1. PDG 2023 updated
(1.43 +£0.32) %

2. Belle 2019

1.80 £0.50 £ 0.14)%

Mode ™ Fraction (T'; /T)

0.0143 +0.0032

Scale
Factor/
Conf. Level P(MeV/c)

875

Category: No absolute branching fractions have been measured. The following are branching ratios relative to =~ 7™ .

The following data is related to the above value:
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All 30 available experimental results till 2023
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To explore physics around charm scale

Branching
Fractions
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more observables,

including CPV
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The puzzle(s) in AT — E'K* (1)

1. Theory in 1990s, small BF & zero &, due to smallness of S-wave amplitude

PHYSICAL REVIEW D VOLUME 48, NUMBER 9 1 NOVEMBER 1993
PHYSICAL REVIEW
SIC R P YRLUME 46, NUMBES | +IVLY 199 Cabibbo-allowed nonleptonic weak decays of charmed baryons
Cabibbo-favored nonleptonic decays of charmed baryons Hai-Yang Cheng*

Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China
and Institute for Theoretical Physics, State University of New York, Stony Brook, New York 11794
Q. P. Xu and A. N. Kamal
Theoretical Physics Institute and Department of Physics, University of Alberta, Edmonton, Alberta, Canada T6G 2J1 B. Tseng
(Received 5 February 1992) Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China
(Received 23 April 1993)

. .C- i d Fields 55, 659-670 (1992 } . _
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Quark and pole models of nonleptonic decays of charmed baryons © Springer-Verlag 1992

© Springer-Verlag 1999

P. Zenczykowski
Institute of Nuclear Physics, 31-342 Krakow, Poland
(Received 12 October 1993)

Quark and pole models of nonleptonic decays of charmed baryons are analyzed from the point of view A StUdy Of Weak mesonic decays Of Ac and E C baryOnS
of their symmetry properties. The symmetry structure of the parity-conserving amplitudes that corre- on the baSiS o f H Q ET re sul t S

sponds to the contribution of the ground-state intermediate baryons is shown to differ from the one hith-

erto employed in the symmetry approach. It is pointed out that the “subtraction” of sea quark effects in EXC]“Slve llOll-leptOIllC Charm baryon decays
hyperon decays leads to an estimate of W-exchange contributions in charmed baryon decays that is K.K. Sharma, R.C. Verma?
significantly smaller than naively expected on the basis of SU(4). An SU(2)y, constraint questioning the J.G. Korner* and M. Krdmer!2*

reliability of the factorization technique is exhibited. Finally, a successful fit to the available data is Centre for Advanced Study in Physics, Department of Physics, Panjab University, Chandigarh — 160014, India
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2. BF was measured, not that small
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The puzzle(s) in AT — EK* (2)

3. large BF can be explained, «a Is predicted to be unity

PHYSICAL REVIEW D 101, 014011 (2020)

Two-body hadronic weak decays of antitriplet charmed baryons

. o Jingi Zou®, Fanrong Xu®, and Guanbao Meng
dynalmlc CaJ]-CU].aJtlon Department of Physics, Jinan University, Guangzhou 510632, People’s Republic of China
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Institute of Physics, Academia Sinica, Taipei, Taiwan 115, Republic of China
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The puzzle(s) in AT — E'K* (3)

4. a1s measured to be small

PHYSICAL REVIEW LETTERS 132, 031801 (2024) a'-OK — O 01 + O 16(Stat) ~

= 0.03(syst)

First Measurement of the Decay Asymmetry 5P __ 55 =-1.35= 0'25(Stat)

+ 0.05(syst) rad

in the Pure W-Boson-Exchange Decay A} — E°K*
M. Ablikim et al.”

1.59 £ 0.25(stat) = 0.05(syst) rad.

(BESIII Collaboration)
® (Received 6 September 2023; accepted 30 November 2023; published 17 January 2024)

5. small &« can be accommodated recently

Complete determination of SU(3)r amplitudes and strong phase in A} — Z°K*

Chao-Qiang Geng,!"* Xiao-Gang He,? %! Xiang-Nan Jin,!" ! Chia-Wei Liu,28 and Chang Yangz’ Huiling Zhong and Fanrong X
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2 Tsung-Dao Lee Institute, Shanghai Jiao Tong University, Shanghai 200240, China
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6. the dynamic origin of strong phase?
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[ts triumph in meson sector

Hadronic WeaR Decays of Charmed Mesons

Hai-Yang Cheng (¥;5%)
Academia Sinica, Taipei
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Exp: LHCb, PRL122, 211803 (2019)

Topological diagrammatic
approach successfully
predicted the charm CPV !!!

PHYSICAL REVIEW LETTERS 122, 211803 (2019)

Observation of CP Violation in Charm Decays

R. Aaij et al.”
(LHCb Collaboration)
® (Received 21 March 2019; revised manuscript received 2 May 2019; published 29 May 2019)

A search for charge-parity (CP) violation in D” — K~K* and D” — x~x* decays is reported, using pp
collision data corresponding to an integrated luminosity of 5.9 fb~' collected at a center-of-mass energy
of 13 TeV with the LHCb detector. The flavor of the charm meson is inferred from the charge of the pion
in D*(2010)* = D°z* decays or from the charge of the muon in B — D45, X decays. The difference
between the CP asymmetries in D° — K“K* and D° — 2~ x" decays is measured to be AAp =
[=18.2 £ 3.2(stat) + 0.9(syst)] x 10~* for x-tagged and AAp = -9 £ 8 < 104 for 4
tagged D" mesons. Combining these with previous LHCD results leads  AAp = (=154 +2 9) x 1074,
where the uncertainty includes both statistical and systematic contribulfons. ’
from zero by more than 5 standard deviations. This is the first observation of CP v:olauon in thc dccay of
charm hadrons.

DOI: 10.1103/PhysRevLen.122.211803
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Early seeking in baryon sector

¢ Y. Kohara, 1991

PHYSICAL REVIEW D

Quark-diagram analysis of charmed-baryon decays

Yoji Kohara
Nihon University at Fujisawa, Fujisawa, Kanagawa 252, Japan
(Received 29 May 1991)

The Cabibbo-allowed two-body nonleptonic decays of charmed baryons to a SU(3)-octet (or -decuplet)
baryon and a pseudoscalar meson are examined on the basis of the quark-diagram scheme. Some rela-
tions among the decay amplitudes or rates of various decay modes are derived. The decays of £} to a
decuplet baryon are forbidden.

VOLUME 44, NUMBER 9 1 NOVEMBER 1991

¢ L.-L. Chau, H.-Y. Cheng, B. Tseng, 1996

PHYSICAL REVIEW D VOLUME 54, NUMBER 3 1 AUGUST 1996

Analysis of two-body decays of charmed baryons using the quark-diagram scheme

Ling-Lie Chau
Physics Department, University of California at Davis, California 95616

Hai-Yang Cheng and B. Tseng*
Institute of Physics, Academia Sinica, Taipei, Taiwan 115
(Received 25 August 1995)
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Recent seeking in baryon sector
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A diagrammatic analysis of two-body charmed baryon
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role as an assiste
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tool to dynamic calculation

PHYSICAL REVIEW D 97, 074028 (2018)

Singly Cabibbo-suppressed hadronic decays of A}

y, KT Hai-Yang Cheng,' Xian-Wei Kang,”' and Fanrong Xu>*"
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Two-body hadronic weak decays of antitriplet charmed baryons

Jingi Zou®, Fanrong Xu®, and Guanbao Meng
Department of Physics, Jinan University, Guangzhou 510632, People’s Republic of China

Hai-Yang Cheng®
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Hadronic weak decays of the charmed baryon €,
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Completeness

vs. Redundancy

q
—— qm —q
qi i
c — - qk
q
l: qi - qi :l [ q - q :l
qi - qi q - qi q
T C
—qi > > q ~qi = - 9
g qr
q
g a
c - - gk :| > - gk }
EIA EIS
- —— qk - qk
f .
gn - .
q - q G N ¢
[ . i
q - qi q - qi qi
E, Eos

Atpa = T(B.) Hf™M], [bl (Bs);jx 1+ b2 (Bg);x; + b3 (BS)jkz']
+ C(B.)” H{" My, [b4 (Bs);;; + bs (Bs);;; + be (BS)jlz']
+ C'(B.)” Hyy M]" [b’/ (Bs)ij + b (Bs) ;i + bo (BS)ljk]
+ E(B.)YHF M :b10 (B8) jkm + b11 (B8) jpa, + b12 (BS)kmj]
+ Eo(B.)Y HF M :b13 (BS8) jim + b14 (Bg) iy + b15 (BS)lmj]
+ E3(B.)” HflM 7 [b16 (B8) i + 017 (B8 ) gy + b18 (B8) 1]
+ Ep(B.)Y HF M™ [b19 (Bs)jkl + bao (Bs) juk T b2 (BS)klj] )

1 k0 1 390 +
| [ A+ X 1 >3 p
e s
. i
56 s — !
. 0 A = (Bs)ijk = €iji(Bg )i,
(Bc)z'y —_ _A.j_ O E(C) 0
- e B e * 5s
= U [+ B4 o - g
g - A o RN NETER/) X 0
Mj — ™ /2 +_06 o+ 3 2 K
. _ 28 oM
\ K K R+ %)




Arpa = T(B.)?Hf™M,, |by (Bs)s + ba (Bs)r.; + bs (Bs)ykz
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Arpa =
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A further simplification

Arpa = T(B.)7 HF™ (Bs),; M, + C(B.) H™ (Bs),;, M%, + C'(B.) T HY (Bs) ., ; M™ " % jC;"
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[ qi - - ] I:ql
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l Es4 = —E14, Eys = —-Ei1s. Korner-Pati-Woo theorem:

# diagrams: 7
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Amplitudes and their relations

Channel TDA TDA
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Fitted parameters

Observable PDG [42]

BESIII

Belle Average

102B(Af — A%7F) 1.2940.05 1.29 +0.05
102B(Af — X07t)  1.2740.06 1.27 +0.06
10?2B(A} — 270 1.25+0.09 1.25 £ 0.09

102B(Af — =*n)

AF - X1y

B( 0.44 £0.20
1028( 1.5+0.6
102B(Af - Z°K*) 0.5540.07
104B(A+ — A°K*) 6.0+0.5
10*B(Af — X°K*) 4.9+0.6
10'B(Af - =tKs) 4.7+14
10*B(Af — nn™) 6.6 +1.3
10*B(Af — pn0) <0.8
102B(A} — pKs)  1.59£0.07
103B(AF — pn)
10*B(AF — pn)
10?B(E% - =—7t) 1.4340.32

4.9+0.9

102 ’,33((56‘_)’5 Kjf)’ 2.75 + 0.57
10 s +’) 225+ 1.3
1022%%%; 3.8+0.7
10%% 12.3+ 1.2
102B(Ef - =%7%)  1.6+0.8
a(Af = A°7t)  —0.84+0.09
a(Af - 20nt)  —0.73+0.18
a(Af - pKs) 0.18 £0.45
a(Af — ot70) —0.55 £ 0.11
a(Z0 - == 7t) —0.64 £0.05

a(Af — ')
a(Af = Zr)
a(Af — AOKT)
a(Af - XOKT)
a(Af - ZKT)

6.21 + 0.61* [50]
4.7+ 0.95* [52]
48+15% [52]

1.567072 £0.20 [47]

1.414+0.11 1.63+0.33 [47], 1.57 £ 0.12 [53]

0.01 =+ 0.16 [33]

0.314 4 0.044 [49)
0.416 + 0.086 [49]

0.32 + 0.04 [42, 49]
0.44 + 0.15 [42, 49]
0.55 % 0.07
6.35 + 0.31 [42, 51]
3.82+0.51 [42, 51]
47+14
6.6 + 1.3
1561022 [47]
1.59 + 0.07
1.49 + 0.08 [42, 47, 53]
4.9+0.9
1.80 = 0.52 [46]

2.75 + 0.57
22.9 + 1.4 [48]
3.8+0.7
12.3 +1.2
1.6 +0.8
—0.755 4 0.006 [51] —0.76 +0.01 [42, 51]
—0.463 +0.018 [51] —0.47 +0.03 [42, 51]
0.18 £ 0.45

—0.48£0.03 [49]  —0.49 = 0.03 [42, 49]
—0.64 4 0.05

6.57 £ 0.40 [51]
3.58 £0.28 [51]

1.80 4 0.52* [46]

22.9 + 1.4* [48)

~0.99+£0.06 [49]  —0.99 = 0.06 [49]
—0.46 £0.07 [49]  —0.46 & 0.07 [49]
—0.585 +0.052 [51]  —0.585 = 0.052 [51]
~0.55+0.20 [51]  —0.5540.20 [51]

0.01 4 0.16 [33)]

2 = [Otheor(cz') o

Xils X 55" op"

(102G Fr GeV?) (in radian)

2.37+£0.41 16.56 &= 0.69 = 2.76 £ 0.32
1.04+1.08 13.82 x=0.98 —1.97 = 0.79 —0.37 == 0.44
2.091+0.95 2497167 0.29=x=0.19 2.86=x0.36
4.10+£0.20 2.56 +2.21 1.18+0.38 —0.96 +0.43
1.54 +1.22 19.16 = 3.00 —1.35+0.60 0.37 =0.41
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Part of predictions

Channel 10%8 e |Al | B| op — ds W Bis Qlexp

A7 - A°7"T | 1.314+£0.05 —0.764+0.01 2.76 +0.24 16.97+0.38 0.21 £ 0.30 1.29 + 0.05 —0.76 & 0.01 [19, 26
AY = 3% | 1.26+0.05 —0.4840.02 4.09+0.86 15.42 +2.32 —1.07 £ 0.04 1.27 £+ 0.06 —0.47 4 0.03 [19, 26
AY - 2t2% | 1.274£0.05 —0.4840.02 4.09 +0.86 15.42 +2.32 —1.07 +0.04 1.25 £ 0.09 —0.49 4+ 0.03 [19, 25
AY - Ztq 0.33+£0.04 —0.934+0.052.304+0.35 9.50+1.16 0.344+0.16| 0.32 4 0.04 [19, 25] —0.99 + 0.06 [25]
A - n" | 0.394£0.12 —0.4540.07 3.83 4+ 1.44 23.00+3.85 2.034+0.08| 0.44 £+ 0.15 [19, 25] —0.46 + 0.07 [25]
A - Z°K*| 0414+0.03 —0.16+0.13 3.894+0.19 2.49+2.13 —2.14 4 0.63 0.55 &+ 0.07 0.01 + 0.16 [7]

AF — AK™*{0.0639 4 0.0030 —0.56 4 0.05 1.09 £+ 0.18 3.30 £0.59 —0.97 4+ 0.06| 0.0635 & 0.0031 [19, 26] —0.585 =+ 0.052 [26]
Af — X°K*]0.0377 +0.0032 —0.54 +0.08 0.40 £ 0.15 3.86 +0.26 —0.59 4= 0.43| 0.0382 + 0.0051 [19, 26]  —0.55 =+ 0.20 [26]

Al - ¥TKs| 0.038+0.003 —0.54+0.08 0.57+0.21 5.46 +0.37 —0.59 4 0.43 0.047 4 0.014

Af - nmt | 0.0634+0.009 —0.784+0.13 1.00+0.14 2.44+0.39 0.67+0.21 0.066 & 0.013

A = pr®  |0.01744+0.0034 —0.12+£0.75 0.63+£0.14 0.96 +0.68 —1.70 £ 0.87 0.015610-007> [20]

Af = pKs 1.554+0.07  0.00£0.30 2.08 +2.10 26.21 +1.18 —1.56 £ 0.77 1.59 4 0.07 0.18 +0.45
AF = py 0.151 +£0.007  0.08 £0.37 1.04 £ 0.54 5.424+0.70 —1.67 4 1.28|0.149 £ 0.008 [19, 20, 27]

AS — pn/ 0.052 +0.009 —0.5440.19 0.76 £ 0.30 4.73+0.73 2.28 4+-0.14 0.049 + 0.009

=0 52"t | 2.834+0.10 —0.7240.03 4.53 4+0.81 31.46 +1.34 —0.39 4 0.32 1.80 4 0.52 [21] —0.64 +0.05
=F -5 =0nT 09+0.2  —0.93+£0.07 2.274+0.30 8.18+1.17 —0.36 £ 0.23 1.6 +0.8

Channel 10°R x e |Al |B| op — ds 10° (R x )exp Qlexp

Ze - Z=Z"K"| 4.104+0.05 —0.76+0.03 1.04+0.19 7.25+0.31 —0.39 £ 0.32 g7s 05T

=0 — AK3S 241+1.0 —0.24+0.18 3.18+1.25 19.54 +1.76 —1.24 + 0.29 22.9 + 1.4 [22]

=) - ZOK3 39407 —0.11£+0.67 2.744+0.59 4.17+2.93 —1.70 £+ 0.87 3.8 £ 0.7 [22]

=0 - XTK~| 13.0+11 —0.21+0.17 3.89+0.19 2.49+2.13 —2.14+ 0.63 12.3 + 1.2 [22]

if phase shift vanishes, global fit — a ~ 1; non-unity @ — non-vanishing phase shift
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Part of predictions

Channel 10°8 o B v | A | B dp — 0s
A+ — oKy 15.37+0.62 —0.03 =0.22 0.37+0.33 —0.93 =0.13 1.38 =1.27 1848 £0.71 1.65 £ 0.62
- 1549 +£0.65 —0.02+0.22 0.41 +=0.41 —0.91 +£0.18 1.54 +1.60 18.47 +0.97 1.62 4 0.55
=+ s SHKs 208212 094+0.22 -0.17+=0.80 0.28+1.151.39+0.92 3.19+1.80 —0.18 +0.84
i 4.77+3.82 0.88+0.14 —0.42 +£0.45 —0.24 £0.55 1.62+:0.90 6.35 £+ 2.81 —0.44 +0.47
=+ S pKs/1 2.00£0.20 —0.38£0.07 0.25+0.25 —0.89 £0.09 0.40 £0.15 3.86£0.26 2.56 £ 0.44
: 2.10+0.19 —-0.38 £ 0.07 0.07+0.39 —0.924+0.05 0.34 £0.11 4.00£+0.21 2.95+0.98
=4 0 2.16 £0.20 —0.07£0.30 0.93+0.14 —0.35£0.37 0.96 =0.29 3.96 £0.51 1.64 +0.32
: 2324+0.27 0.124+0.20 0.94+0.16 —0.33 £0.48 1.01 £0.37 4.07+0.73 1.44+0.21
=+ sty 0.75 £ 0.26 —0.02 £ 0.57 —0.64 +0.43 —0.77 £ 0.35 0.36 £0.24 3.09 £0.76 —1.60 £ 0.89
- 1.09+0.47 —0.01 £ 0.56 —0.23 +£0.64 —0.97 £0.15 0.15+0.39 3.95+0.96 —1.60 + 2.40
=ty Sy 1.194+0.21 —0.31+0.11 0.92+0.10 —0.24 +£0.47 0.99+0.35 5.27+0.94 1.90+0.10
C 1.31+£0.29 -0.32+0.13 0.81 £0.37 —0.49+=0.61 0.85 +=0.52 6.07x=1.41 1.95=x0.21
=ty 50+ 3.12+0.13 —0.59+0.04 0.724+0.13 —0.36 £0.28 1.13+£0.24 4.80£0.56 2.26 +0.08
. 2.894+0.21 —0.56 =0.04 0.69 +0.28 —0.46 =0.40 1.01 £0.36 4.78 =£0.75 2.26 £ 0.22
=t _y =Ogc+ 1.00+0.16 —0.73 £0.12 —0.57 £0.17 0.38+£0.22 1.01 £0.14 2.43+0.39 —2.47 +0.21
- 1.51 +£0.62 —0.62+0.31 —0.29+1.10 0.73+0.23 1.38 =0.32 1.98 £0.86 —2.70 = 1.62
=0 _, YOK, 1.24 +0.19 —0.20+0.61 —0.63 +£0.41 0.75+0.43 2.02£0.33 2.35+1.97 —1.88 +1.02
. 1.87+0.44 —0.74+1.01 —0.49+1.04 0.47+0.54 2.31 =0.44 4.29+2.27 —2.56 = 1.61
=0 _, 20,0 745+ 0.64 —0.51£0.08 0.34+0.33 —0.79+0.15 1.74 £0.64 16.78 £1.11 2.56 = 0.44
. 7.72+0.65 —0.51 £0.09 0.10+0.53 —0.85+0.10 1.49 +0.47 17.37+0.93 2.95+0.98
=0 _y 50, 287+0.66 0.08+£0.20 0.86+0.18 0.50%0.30 3.12+0.45 6.61+2.16 1.48+0.24
¢ 228+0.53 024+024 086+024 045+044 2.73+£0.55 6.20+2.51 1.30+£0.28
=0 _y =0y 531+£1.33 —0.59£0.08 0.79+0.07 0.18+0.41 4.87 +1.38 23.13£3.82 2.22+£0.08
- 0.5 +009 0.794+0.20 —0.16+0.71 4.24 +2.23 28.35+6.88 2.21 +0.19
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SOME REMARIKS




1. A - 2K r— b MEMGZME (4P + 2| BP)

87T m?

(1) BF & longitudinal decay asymmetry

- 2k|A*B|cos(dp — ds)
L el

84

N

[ Al =1.
BESII] |IB| =1

6L 04, 1 - 43t8; + 0.4,
2.8 £0.7, = 671-23 + 1.6,

o

B(A} — E°Kt) = N0:656-E0.00%

op —0s = —1.55 £0.25 £ 0.05 or 1.59 £ 0.25 £ 0.05 rad.
A=0 K+ — 0.01 = 016'

Our fit |A| = 3.89 £ 0.19, |B| = 2.43 £ 2.12

prefers amplitude solution Il

B(AF - EK™) = (0.41+0.03)%
=0 K+ = —0.16::0.13|

27




_|_
¥

5 =0+

BESII]

Our fit

Bzox+ = —0.64 + 0.69

op —dg = —1.55+£0.25 £ 0.05 or 1.59 £+ 0.25 + 0.05 rad.

IBEOK = —0.24 -

! 0.28|

op — s = —2.15-

- 0.65 rad

phase-shift sign ambiguity

needs to be discerned
by upcoming f measurement

28

ol —

2k|A* Bl sin(dp — ds)

[A|* + k2| B|?

dp —ds = arctan(B/a)

0p — dg = 2arctan

Vo2 + B2 +a

——




E = >

_|_

Observable

PDG [42]

Belle

Average

102B(=0 —

E;ﬂ'_'_) 1.43 -

- 0.32

1.80 + 0.52* [46]

1.80 £ 0.52 [46] |

Our fit

Channel

=0 > =T

Other support:

T=0
¢

101

2.83 -

- 0.10

8

—0.72 -

A

- 0.03 4.51 -

= B(Eg — 2" 71) = 3B(AT — AnT) + B(Al — ZOW+)

- 0.79 31.47 -

B

op — 0s

-1.31  2.76 +=0.32

T(A}) = (202.9 -

-1.1) fs,

7(2?) = (150.5 £ 1.9) fs.

1.31 & 0.05

1.29 -

- 0.05

1.26 = 0.05

1.271+0

.06

0.063 £ 0.009

- 0.013

=y G
(=% — pK K (892)°, K - K-t W 20 s )

T(E° = pK-K-nt+ (oK) )/T( E® = E-nt)

RES0 SR S0 )

S s s R(EY s =g )
T'(E0 5 AK (892)° )/T(E? — =—x+)
I(E? = 2K/ T( B = E—xt)
RS0 v ra ) RES0 )
T(=Z° 5 XK (892)°)/T( B9 = 5—xt)

I(=Z%— XTK*(892)” )/T(E? —» E—7t)

=Y = @ e i EY = 2 )
gt = 5%, s e et = gt )
I'(E% - 59Kt K~ nonresonant)/T( Z0 — Z-xt)

By s e Bl e

fitted results
measured values

B(E? - Z~nt) = (2.85 + 0.30)%

<9




3 '—*O_)HK+

Cila,nnel 10°R x

8

4]

B

0p — 0s 10% (R x )exp

— Z7 K |

—0.76 -

Channel TDA

=0 E- gt 2T — 2E;g
20 5> E-KTt 2T — 2E; ¢

measurement of

- 0.03 1.04 -

Reference/normalization mode

B(AL » pK~nrt) RBE, > E ")
= ARGUS+ CLEO: (5.0 +1.3)% PpG2014 I.PDG 2023 updated

(143 £0.32) %
= Belle: (6.84 + 0.24¥3:57)% obsolete
- 0.0 L V.a™-0.27)70

Belle, PRL 113 (2014), 042002

=[BESIII: (5.84 + 0.27 + 0.23)%
BESIIl, PRL116 (2016) , 052001

.
PDG 2016: (6.35 + 0.33)%

2. Belle 2019

(1.80 + 0.50 £ 0.14)%

PDG 2023 update  (6.26 4 0.29)%

Mode

Froction (T'; /T)

ole
Foctor/
Conf. Level P(MeV/c)

Pif 50 5%

0.0143 £0.0032

Category: No sbsoluse br.
The following data

is related to the above value:

anching fractions have been measured. The following are branching ratios relat

_l=| 1 875

veto 5

» expand all datablocks

Y [ (B el (e e (SR +

350

- 0.18 7.25+0.30 2.706 £0.32

29 =0 57

— sin® 0.

0.045

7 needs to be improved!

N —

— H

Scale

Factor/
Mode ™ Fraction (I'; /T) Conf. Level P(MeV/c)

'y E95E5-nt 0.0143 +0.0032 S=1.1 875
Category: No absolute branching fractions have been measured. The following are branching ratios relative to £~ 7 .

The following data is related to the above value: » expand all datablocks

{ T( 59 - pk-K (892)°, K" - K-+ )/T( 5% - E-nt) T,/T13 ’
{ I(E? = pK-K-1* (o K ) )/T( E® = E-n+) T 4 ’
{ T( 59— AKS )/T( E® — 5-r+) . ‘
{ T(E° - AK-n+ )/T( 50 = 5+ ) e J
{ (50 - AR (892)° )/T( 20 = 5-1+) hE. ]
{ T(50 - SOK%)/T( B¢ = E-n+) LTy + J
{ T(E° & Z+K-)/T(E® - 5-n+) o F J
{ I( =0 2K (892)° )/T( £° — Z-n+ ) pon. ‘
{ (52— »+tK*(892)” )/T(E? = E—nt) Y) DT & J
{ e mm ]




e =0 _, =00
4. prediction on Z) — E(z", 1, 1")

Channel 10°B a A v | A | B dp — 0

B(E? - 2%7%) = (6.9 £+ 0.3(stat.) £ 0.5(syst.) £+ 1.5(norm.)) x 1073 .
B(Z? - =%)) = (1.6 £ 0.2(stat.) £ 0.2(syst.) + 0.4(norm.)) x 10~3 Belle || new results

B(Z — =%’) = (1.2 £ 0.3(stat.) £ 0.1(syst.) £ 0.3(norm.)) x 1073

a(E? - Z°7t%) = —0.90+0.15+0.23
_
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IRA 5

Airaa = a1 (Be); (Hs)j" (Bs)j, Mj + az (Be); (Hs)j" (Bs) M + a3 (B.); (Hs)}" (Bs)] My
+ a4 (B.); (He)]" (Bs) Mj + a5 (Bc); (He)]" (Bs)": Mj

+ a6 (Be); (Hys)* (Bs)}, Mi + a7 (Be); (Hys)'* (Bs)y, M + ag (Be); (His);" (Bs)] My
+ ag (Be); (Hyz)]" (Bs); My + axo (Be); (Hys)!" (Bs); M.
redundant dof: @y =a1—as, Gy =as+as, as;=asz+as, ay= a4+ as,

KPW theorem: g o0 = a5 01

32




Minimal set of IRA

Airaa = a1 (Be); (Hﬁ)zk (Bs)l. M} + az (Be); (HG)Zk (Bs)y M? + a3 (B.), (HG)Zk (Bs)! Mj,

+ as (Be); (He)]" (Bs); M + as (B.); (He)]“(BsY:Mi—
W arlBoy (He) . (Bs), Mj +.asBoyrH) (Bs) M;
+ a9 (Be); (His)]" (Bs)j Mj. + a1o (Bey-(Hrs) (85); M.

Awrab = (Be)™ (He);j (Bs)i M + f° (Be)™ (Hs),; (Bs>kMJ+f (B)"™ (He),; (Bs)] M
+ f4(Bo)™ (He);; (Bs)i Mj + f¢ (Be); (His);" (Bs)! M.

551




Unification

= ]
_ T = =(—as + a4 + ay),
Equivalence -

C’ —a2 — as,

C =

El == a'3+a'57

1

5(0’2 — a4 + a’9)7

~

Ey = —a1 + as.

Fitted parameters

on

| Xils

| X |p

(IO_QGF GeVZ)

S

(in radian)

2.37 -
1.04 -

- 0.41 16.56 -

- 0.69

2.99 =
4.10 S
1.54 -

-1.08 13.82 -
- 0.95 24.97 -
-0.20 2.56 -
=522 19.16 -

- 1.67
- 2.21

- 3.00 —1.35 =

= 0.08 —1.97 4

2.76

- 0.79 —0.37 =
0.29+0.19 2.86 -
1.18 +0.38 —0.96 -
=0.00 037

0.81 -
2.89 =
4.20 -

- 1.89 23.02
= 1.50 30.96 =
=0.18 1.95-

-4.04
=4:30

0.98 =

= 0.90 7.25 -

= 2.07

2.06 =

-0.62 4.73 -

-2.11

= 2.21 —0.06

2.03 £ 0.61 —1.78 4
-1.03 —2.68 -

2.12 4

2.72 +£1.29 —2.55 4
1.09 £ 0.99 —0.94 -
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Part of predictions

10°B

Channel o B 0% | Al | B| op — g Bexp Oty
1.31+0.05 —0.76+0.01 —0.17 +0.24 —0.63 +0.06 2.76 + 0.25 16.96 + 0.39 —2.92 + 0.30
+ 0, + —
ime 1.31+0.05 —0.76 +0.01 —0.28 +0.33 —0.59 +0.16 2.91 +0.57 16.78 + 0.82 —2.79 + 0.39 e e
1.26 +0.05 —0.48+0.02 0.86=+0.07 —0.17 +0.35 4.07 +0.86 15.48 +2.30 2.08 &+ 0.04
+ 0.+ i
il Ty 1.25+0.05 —0.48+0.02 0.79+0.23 —0.39+0.47 3.49+1.35 16.81 +2.85 2.11+0.13 s i UL
1.27+0.05 —0.48+0.02 0.86+0.07 —0.17+0.35 4.07 +0.86 15.48 +2.30 2.08 +0.04
+ +.0 o
e 1.26 £0.05 —0.48+0.02 0.79+0.23 —0.394+0.47 3.49+1.35 16.81 +2.85 2.11+0.13 e L .
0.33+0.04 —0.93+0.04 —0.344+0.15 —0.134+0.24 2.30+0.35 9.48 +1.12 —2.80 +0.15
+ -+ .
i 2 0.31+0.04 —0.954+0.05 -0.30+0.15 0.09+0.29 2.51 +0.39 8.29+1.35 —2.83+0.16 e s
0.394+0.12 —0.454+0.07 0.89+0.04 0.03+0.51 3.81 +1.45 23.04+3.76 2.03 4+ 0.08
+ ol —
h 0.41+0.13 —0.46+0.07 0.80+0.39 —0.38 + 0.82 3.03 +2.33 28.15 +6.48 2.09 + 0.22 el et
0.41+0.03 —0.16+0.13 —0.24+0.28 0.96+0.07 3.80 +0.19 2.43+2.12 —2.15+ 0.65
+ =0 g+
i S 042+0.03 —0.194+0.12 —0.11+0.42 0.98+0.053.994+0.18 1.85+2.10 —2.62 + 1.68 ies Ll gt s
0.0639 + 0.0030 —0.56 +0.05 0.83+0.04 0.04+0.351.09+0.18 3.32+0.59 2.17+0.06
+ 0 g+ i
g e 0.0639 + 0.0030 —0.57 +£0.05 0.82+ 0.08 —0.11 +£0.50 1.00 +£0.29 3.57+0.80 2.18 +0.08 w0 Wi
0.0376 = 0.0032 —0.54 £ 0.08 0.35+0.34 —0.76 +£0.17 0.40 £ 0.15 3.86 £0.26 2.56 + 0.44
+ 0+ -
e 0.0388 + 0.0032 —0.54 +0.09 0.11 +0.56 —0.83 +£0.11 0.34 +0.11 4.00£0.21 2.95+0.98 e e
0.0377 +£0.0032 —0.54 +0.08 0.35+0.34 —0.77+0.17 0.40 +£0.15 3.86 +£0.26 2.56 + 0.44
+ +
e s 0.0389 + 0.0032 —0.54 +0.09 0.11 +£0.56 —0.83 +£0.11 0.34 +0.11 4.00£0.21 2.95+0.98 Bl
0.063 +0.009 —0.78 +0.13 —0.62+0.16 0.00+0.26 1.01 +0.14 2.43+0.39 —2.47 + 0.30
+ +
fg —nm 0.059 +0.008 —0.81+0.14 —0.57+0.23 0.12+0.37 1.03+0.17 2.19+0.53 —2.52 + 0.27 gasedea Ut
o 0.0176 + 0.0032 —0.11 +£0.69 —0.88 +0.29 0.46 +0.63 0.64 +0.12 0.94 + 0.59 —1.69 £+ 0.76 0.0156-0.0075
c 7P 0.0208 + 0.0045 —0.69 +0.31 —0.61 + 0.54 —0.40 +=0.75 0.45+0.25 1.64+ 0.57 —2.42 +0.58| —0.0061
1.55 + 0.06 0.01+0.24 0.37+0.34 —0.93+0.13 1.41 +1.34 18.68 £0.71 1.54 + 0.65
+
A — pKs 1.57 +0.06 0.03+0.24 0.42+0.41 —0.91+0.19 1.64+1.67 18.69+1.00 1.50 =+ 0.54 e die il
. 0.151 +£0.008 0.07+0.30 0.77+0.26 —0.63+0.33 1.01 +0.44 5.46 +0.57 1.48 +0.38 0.149 + 0.008
gl 0.149+0.008 0.36+0.29 0.75+0.28 —0.56 +0.44 1.09+0.55 5.31+0.75 1.12+0.32| '
0.052 +0.008 —0.544+0.19 0.62+0.19 —0.56 +0.35 0.77 +0.30 4.72+0.73 2.29+0.13
At ! 049 + 0.
¢ 1l 0.053 +0.009 —0.01+0.37 0.96+0.08 —0.26 +0.64 1.01 +=0.43 4.28 +1.22 1.59+0.38 s
2.834+0.10 —0.72+0.03 0.29+0.27 —0.63+0.13 4.51 £0.79 31.47+1.31 2.76 +0.32
=0 ==t -
= ) 2.87+0.10 —0.72+0.03 0.13+0.45 —0.68 +0.10 4.21 +£0.64 32.19+1.07 2.96 + 0.60 e s Ll
et 09+0.2 —0.93+0.07 0.35+0.20 —0.09+0.22 2.27+0.31 8.21+1.17 2.79+0.23 L
e —0.93+0.09 0354+0.28 —0.144+0.28 2.12+0.33 805+1.3" 2.78+0.29 ' :

0.8+0.1

o
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SUMMARY

¢ In theory
¢ TDA approach to charmed baryon is established.
¢ The unification of TDA & IRA is demonstrated.
# The predictions on E? — E (2", n,7") is confirmed by LHCb.
¢ A further understanding of strong phase dynamically is required.

¢ For experiment

0

¢ The measurement of 3, either of AT — E’K™ or other modes, is highlighted.

e

¢ Improved measurement of =) — Z-7t and its related are highly expected.
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