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Branching fraction

A rest frame

Polarization

(a) The angular distribution of the decay pion from

a completely polarized hyperon at rest.
It has been pointed out before! that the distribution

is proportional to
[14a)cosxJdQ, )

(b) The longitudinal polarization of the nucleon
emitted in the decay of unpolarized hyperons at rest.

Lee-Yang, 1957



AT @BESIIl 4.6 Gev, 567/pb

* B(A{ » pK™n™)
= ARGUS + CLEO : (5.0 + 1.3)%

= Belle: (6.84 + 0.2479:53)%

PDG 2014

Belle, PRL113 (2014), 042002

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

, 052001

¥

PDG 2016: (6.35 + 0.33)%

X’
Q/T‘

* 12 modes measured by BESII|

Mode This work (%) PDG (%)
pK?® 1.52 +0.08 + 0.03 1.15 + 0.30
pK n" 5.84 +0.27 £ 0.23 50+ 13
pKan 1.87 £0.13 £ 0.05 1.65 £ 0.50
pKOn*n~ 1.53+0.11 +0.09 1.30 +£0.35
pK=n"7° 4.534+0.23 +0.30 34410
Art 1.24 +0.07 + 0.03 1.07 +0.28
AntA° 7.01 +£0.37 £0.19 3.6+ 1.3
AV aF 20 & 3.81 £ 0.24 £0.18 2.6+0.7
Xzt 1.27 £+ 0.08 £ 0.03 1.05 +0.28
a0 1.18 £0.10 £ 0.03 1.00 + 0.34
Stata 4.2540.24 +0.20 3.6+ 1.0
Ttw 1.56 + 0.20 + 0.07 274+ 1.0

PDG values for AL decay BFs before 2016 version become obsolete




AT @BESIIl 4.6Gev, 567/pb

* Singly-Cabibbo-suppressed decay has been measured
B(A} — pn) = (1.24 + 0.28(stat.) £ 0.10(syst.)) x 1073

+ 0 —4
B(A — pr) < 2.7 x 10 BESII, PRD 95 (2017), 111102

* Neutral mode can be measured
B(Af — nKdn™) = (1.82 4 0.23(stat) £ 0.11(syst))%.  BESIII, PRL 118 (2016), 112001

* More decay asymmetries can be measured
Apgt ™~ 10%, A0+~ (19 — 66)%
D. Wang, R.-G. Ping, L. Li, X.-R. Lyu, Y.-H. Zheng , Chin. Phys. C 41 (2017) 023106
ap+ = —0.80 + 0.11 £ 0.02

as+0 = —0.57 £ 0.10 £ 0.07 BESIII, 1905.04707
aso-+ = —0.73 +0.17 = 0.07




AT @BESIIl 4.6Gev, 567/pb

* More precise measurement of Cabibbo-favored process

B(AT — 2°K1) = (5.9040.864+0.39) x 10™%  Bgsii, PLB 783 (2018), 200-206
B(AT —X7n)=(0.4140.19+0.05)% (< 0.68%)

B(AY —X%n')=(1.34+0.53+0.21)% (< 1.9%) BESIII, 1811.08028



The future of A7
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2286.46 + 0.14 MeV
(2.00 + 0.06) x 107"* s (S =1.6)

Ecs

2470.87+928 MeV 2467.87 + 0.30 MeV (S =1.1)
(L128313)yx 1075 s (442 +026) x 107 s (S=1.3)

@ Beam energy

@ Ebeam = 2.32>2.35 GeV in 2019
@ Ebeam = 2.35>2.45 GeV in 2020-21
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=.@Belle (772£11) x10° BBpair

* First measurement of 20 —» Z- ¥ Talk by Zpik>

N

B(B~ — A_Z?) = [9.51 £ 2.10(stat.) + 0.88(syst.)] x 10~*

B(E) — Z n") = [1.80 & 0.50(stat.) £ 0.14(syst.)]%

Belle, PRL 122 (2019) 082001

* The branching fraction of &} - E%x*

B(B® — A;EF) = [1.16 £0.42(stat.) £ 0.15(syst.)] x 1077
BEN = nt7nT) = (2.86 £1.21 £0.38) x 10~ ? Belle, 19504.12093

FNEF -2%")/NEF -2 777") = (0.55+0.134+0.09) CLEO, PLB373(1996)261

B(E — ='7") = (1.57+£0.83)%

!




Lifetimes @ LHCDb

To+ = 203.0+1.0+1.3+1.4 fs, Talk by #7315
T=+ =456.8 £3.5+2.9£3.1 fs,

7'52_) = 154.5+1.7+1.6 1.0 fS, 330 |arger than PDG

LHCb, 1906.08350



Theory issues of charmed baryon

* Meaning of weak decays of charmed baryon
* Examination of weak interaction
* Exploration of strong interaction

* Difficulty in charmed baryon study
* not heavy enough to apply HQET
* not light enough to apply ChPT
* Model estimation cannot be avoided




BF of Cabbibo-favored decays in 1990s

RQM Pole Pole RQM Pole C.A.
Decay Korner, Xu, Cheng, Ivanov et al Zon(zzykowski Sharma, Expt.
Kramer [8] Kamal [9]  Tseng [10] [11] [12] Verma [13] 7]
CA | Pole

Af — Ant input 1.62 1.46| 0.88 0.79 0.52 1.12 1.30 + 0.07
A} — pK° input 1.20 3.64| 1.26 2.06 1.71 1.64 3.16 £0.16
AF = X0t 0.32 0.34 1.76| 0.72 0.88 0.39 1.34 1.29 + 0.07
AF — 2tq0 0.32 0.34 1.76| 0.72 0.88 0.39 1.34 1.24 +0.10
A — Xty 0.16 0.11 0.90 0.57 0.70 £ 0.23
Af — Xty 1.28 0.12 0.11 0.10
AP — 2K 0.26 0.10 0.31 0.34 0.13 0.50 +£0.12

= Non-factorizable contributions play an essential role

Ac— Z9K*: only proceed through W-exchange

As— 240, X, 2% n' : proceed through W-exchange or internal W-emission

= Except current algebra, predictions are generally below experiment



BF of Cabbibo-favored decays in 1990s

RQM Pole Pole RQM Pole C.A.
Decay Korner, Xu, Cheng, Ivanov et al Zenczykowski Sharma, Expt.
Kramer [16] Kamal [18]  Tseng [19] [17] [20] Verma [21] 6]
CA Pole

=5 - 2t KO 6.45 0.44 0.04  0.84 3.08 1.56 0.04
=4 — 20t 3.54 3.36 0.84  3.93 4.40 1.59 0.53 1.57 £0.83  pneW
=0 5 AKY 0.12 0.37 1.0 0.27 0.42 0.35 0.54
=0 - $OKO 1.18 0.10 0.02  0.13 0.20 0.11 0.07
=20 5 ntK- 0.12 0.12 0.27 0.36 0.12
=0 — =040 0.03 0.56 1.25  0.28 0.04 0.69 0.87
=20 5 =—xt 1.04 1.74 0.83 1.25 1.22 0.61 2.46 1.80+0.52 eV
=0 - =0y 0.24 0.28 0.69 0.09
=0 — =0y 0.85 0.31 0.01 0.14

= No channel contains pure factorizable contributions

* Nonfactorizable contributions play an essential role
= 205 3tKT,EY - 200,50 - E%: only contain nonfactorizable contribution

= Others contain both two parts of contributions
12



Decay asymmetry a of Cabbibo-favored decays in 1990s

RQM  Pole Pole RQM Pole C.A.
Decay Korner, Xu, Cheng, Ivanov et al Zenczykowski Sharma, Expt.
Kramer [8] Kamal [9] Tseng [10] [11] [12] Verma [13] [7]
_ CA Pole
v, AF o AxT —0.70 —-0.67 —-0.99 —-0.95 —0.95 —0.99 —0.99 —-0.91 £ 0.15

A — pK?© —1.0 0.51 —-0.90 -0.49 —-0.97 —0.66 —0.99

AT — ¥Ont 0.70 0.92 —0.49 0.78 0.43 0.39 —0.31

Af - Xt70 0.70 0.92 —0.49 0.78 0.43 0.39 —0.31 —0.45+ 0.32

Af - ¥ty 0.33 0.55 0 —0.91

Af - Xty —-0.45 —0.05 —0.91 0.78

AY - EKT 0 0 0 0 0

mAS— IO
> CLEO ('95) measured o = -0.45+0.31+0.06
» Pole model & RQM predict positive a
» Current algebra leads to negative o

» The sign of a has been confirmed by BESIII

mA > ZKY

BESIII

—0.80 +£ 0.11 + 0.02

—0.73 £ 0.17 £ 0.07
—0.57 £ 0.10 £ 0.07

» theory: small s-wave = o =0

d Can be improved

> Experiment ?

BESIII, PLB 783 (2018), 200-206
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Decay asymmetry a of Cabbibo-favored decays in 1990s

RQM  Pole Pole RQM Pole C.A.
Decay Korner, Xu, Cheng, Ivanov et al Zenczykowski Sharma, Expt.
Kramer [16] Kamal [18]  Tseng [19] [17] [20] Verma [21] 6]
CA Pole
=5 —» 2t KO —-1.0 0.24 0.43 —0.09 —-0.99 1.0 0.54
=& - =07t —0.78 -0.81  —0.77 —0.77 —0.97 1.0 —0.27
=Y 5 AKY —0.76 1.00 —-0.88 —0.73 —0.75 —0.29 —0.79
=0 - »O0K0 —0.96 —0.99 0.85 —0.59 —0.55 —0.50 0.48
=05 NtK- 0 0 0 0 0
=0 - =070 0.92 0.92 —0.78 —0.54 0.94 0.21 —0.80
v, ZE0 =gt —0.38 —0.38 —0.47 —0.99 —0.84 —0.79 —0.97 —0.6 + 0.4
=Y — = —-0.92 —1.0 0.21 —0.37
=0 — =0/ —0.38 —0.32 —0.04 0.56

BEr>E

> CLEO ('96) measured o = -0.6+0.4 B Could Belle/Belle Il provide a

S . . measurement ?
» All model estimations predict correct sign of o

14



Our strategy

* Non-factorizable contribution is incorporated
* Methodology: Pole model + current algebra

2286.46 + 0.14 MeV
(2.00 + 0.06) x 107 s (S =1.6)

%
EIcs

2470.87+92 MeV 2467.87 + 0.30 MeV (S = 1.1)
(1L125515) x 1077 s (442 +0.26) x 107 s (S =1.3)

15
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Topological diagram approach

9,

C
q3 r q2
7, 7
' q
' j
[
: 2 .

q q
q q
LA “ By " " Ba "

M(Bz — pr) = Z’L_Lf(A — B’75)’LL7;

A = Afac _
B — Bfac_

Anf
an

L.-L. Chau, H.-Y. Cheng and B. Tseng, Phys. Rev. D 54(1996)2132

17



Factorizable part: naive factorization

G .
Alae = 7;a1,2vud‘/68fP(ch —mp)f (QQ)
G . )
Bfac. — —7ga1,2vudvcsfp(m8¢ + mpg, g1 (q2)

* The choice of a, , depends on the meson in final states

* Effective N, included in a, , is determined by experiment

ay = ) + -
N,

‘ eff
BIAT — po) = (104 £0.21) x 10-3 o Nc ~ '/

BESIII, Phys. Rev. Lett. 117, 232002 (2016).

18



Factorizable part: form factor

* FF sign issue

* MIT bag model estimation

Static limit

PP (o) =
90" P (@) =
Run
fi(¢%) = fi(0)

(1—q2/mZ )2’

9:(q*) =

(By 1 |b¢§1qu | B; T>/d37’(uq1UQz + Vg, Vg, )

1
3

(By 1 1521 bg,0:|Bi T>/d3r(uq1qu — Vg1 Vg)

9i(0)

(1— q2/m2 )

* More efforts on FF required

modes (c@)  f1(@max) F1(mD)/F1(Ghax) 91 (@max) 91(m%)/91(dmax)
=F 5 2tK’ (e5) -y 0.44907 —¥8y, 0.60286
=F 5207t (es) —yy 0.49628 —Bys 0.63416
=0 5 AR (cd) ly, 0.38700 ly, 0.55337
=0 & 20K (c3) By, 0.44929 LBy, 0.60304
20 5=t (c5) —Byy 0.49911 —¥8ye 0.63636
= - 20rt (ed) XY 0.36045 By, 0.52523
= = Ant (cd) -1y 0.30260 —1Ys 0.47622
=F 52t (ed) -y 0.35774 — By, 0.52294
=F o stps (ed) -1 0.41371 — By, 0.57735
=5 520Kt (es) -y 0.55058 —¥8ye 0.68080

20— Ang (), (ed)  L1vi  0.39685,0.34715 LYy  0.56286,0.52343

20— X0ng (c5), (ed) YBY:  046073,0.41395 Y3Y,  0.61338,0.57754
20> A (cd) 24 0.30019 3o 0.47410
20 5 2070 (cd) By, 0.35795 Ly, 0.52311
20 521t (cd) Yoy, 0.36183 Ly, 0.52638
2052 Kt (e8) -y 0.55371 —¥8yg 0.68316

19



Non-factorizable part: pole model

d .
v M
4 /
4 /
4 /
4 /
Q £ / />-<\

B,’ hod B Bf B B e Bf
_— 1 2 : ngB;‘Lan*i bfn*gB;Bip
‘S-wave: 27 AP = - [m m + ms —m
_____________________________ Bx(1/27) t n f n

P-wave: %427 Brole =" 9B;B.PAni|  |AfngB.B:P||
n

(Bi|Hest|Bj) = ui(aij — bijys)uy, (BF(1/27)|Hig' |B;) = b= juzu;.

20



Non-factorizable part: current algebra

 Advantage: avoid 72~

com \/§ a \/i a
AT = o (By|[Q%, Hig ]| B:) = o (Bf|[Q", Hig 1| B:)
pole __ \/§ A mf+mn . m; + My A
i fpa ; [ngB” mi —my mf - mn@

S-wave: commutator

AP (B, 5 ByK*) = —(By|[Ve, HE) By
K
 P-wave: generalized Goldberg-Treiman relation

V2

gBIBPa = — (mB’ _|_ mB)g?D’/B?
fPa

21



Baryon matrix elements & axial form factors

* MIT bag model estimation

A B = <B/|H Z V V* B/ Oq ‘B>
q d,s 0% = 01 + 04 = (qc)(uq) = (qq)(uc)
C_ — C1 — Co

A(P : 1
9B (B <B/ T ‘b qu o.|B 1) / d’r (U'(Il Ugy — 5/"(11 "’(12)

Jinqi’s Mathematica package

22
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Results for

anti-triplet decay
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AT decays: CF

J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

Channel AfaC Acom AtOt Bfac B2 BtOt Btheo Bexp [7] Xtheo exp

Al — pfo 3.45 448 7.93 —-6.98 —2.06 —9.04(2.11x 1072 (3.18+0.16)10"2 —0.75 0.18 +0.45
AT — Ant 5.34 0 534 —14.11 3.60 —10.51[1.30 x 1072 (1.30 +0.07)1072 —0.93 —0.84 +0.09
AF — 207+ 0 7.68 7.68 0 —11.38 —11.38/2.24 x 102 (1.29+0.07)102 —0.76 —0.73 +0.18
AF = 2t70 0 —7.68 —7.68 0 11.34 11.34]2.24 x 10‘? (1.25i0.10)10—f —0.76 —0.5540.11
AL — E0K 0 —4.48 —4.48 0 —12.10 —12.10]/0.73 x 10 # (0.554+0.07)10 % 0.90 _0.77 +0.78 |
Al - 2ty 0 3.10 3.10 0 —15.54 —15.54|0.74 x 102 (0.53+0.15)10"2 —0.95

H.-Y. Cheng and B. Tseng, Phys. Rev. D 48 (1993) 4188
Reaction A fac A com A tot B fac B pole B ot a r (Br )theory

AS —»pfo —35.73 —4.44 —10.17 14.33 2.10 1643 —0.90 1.82 3.46

Al —>ATt —5.40 0 —5.40 18.09 —4.14 1395 —0.99 0.73 1.39

Al 307t 0 —7.66 —7.66 0 6.42 642 —0.49 0.88 1.67
A>3t 7° 0 7.66 7.66 0 —6.42 —6.42 —049 0.88 1.67

[AS—-Z°k" 0 —0.06  —0.06 0 —2.98  —2.98 |

24



AT decays: SCS

J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

Channel Afac pcom  ptot  pfac Bca  Btot Biheo Bexp [7] Qtheo Qexp

AT = pr0 0.41 —0.81 —0.40 —0.87 2.07 1.21[126x10"% <27x10"%* —0.97

AS — py —0.96 —1.11 —2.08 1.93 —0.34  1.59[1.28 x 1073 (1.24 +£0.29)1073 —0.55

AT - nrt 1.64 —1.15 0.50 —3.45 293 —0.52|0.91x 104 —0.73

Al - AKT 1.66 —0.08 1.58 —4.43  0.55 —=3.70[1.07x10~° (6.1 +1.2)10-* —0.96

Al — XOK+ 0 1.49 1.49 0 —229 —-229(723x10"% (524+0.8)10"*% —0.73

AF - 2tKO 0 210 2.10 0 —324 —3.24[1.44x103 —0.73

H.-Y. Cheng, X.-W. Kang and FX, Phys. Rev. D 97 (2018) 074028

Channel Al Acom A Bfac B B™ Bieo Bexp( Xiheo
A} — pa —0.41 0.81 0.40 087 —-157 -070  0.75x 107 <27 x 107 —0.95
S 0.96 1.11 208 193  —124 =317  128x1073  (1.24+0.29)103  —0.56
A} - nxt ~1.64 1.15  —0.50 345 —1.57 1.88  2.66x 10~ ~0.90
AF — AK* ~1.66 0.09  —1.57 443  —0.54 370 1.06 x 1073 (6.1 +1.2)10~4 ~0.96
AF - 30K 0 —1.48  —1.48 0 2.30 230  7.18x 107 (5.2 40.8)10* ~0.73
A} > ZKO 0 —-2.10  -2.10 0 3.25 325  1.44x107° —0.74

25



= decays: CF

J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

Channel Afac geom - gtot  pfac pgea  ptot B, B Qgpeo  Oexp
=t 5 YtK. 298 —4.48 —1.50 —9.95 12.28  2.32 | 0.20 - ~0.80 -
=+ =0+ | —7.41 [ 536 —2.05 28.07 —14.03 14.04 |1.72 157 +0.83|-0.78 — |
=0 5 AK’ 111 —541 —6.52 3.66 6.87  10.52 |1.33 — 086 -
=0 5 2OK’ —2.11 312 102 7.05 -9.39 —2.33 |0.04 — 096 -
=0 5 utK- 0 —442 —442 0 —11.33 —11.33 |0.78 -~ 098  —
20 — =070 0 —758 —758 0 11.79  11.79 |1.82 — —0.77 —
=0 5 =0y 0 —10.80 —10.80 0  —6.17 —6.17 |2.67 - 030  —
|20 5> =-nt |-7.42[-536] —12.78 28.24 2.65  30.89 [6.47 1.80 +0.52/ —0.95 —0.6 + 0.4 |

2} > Z%™: consistent well with Belle experiment

2) > Z7r": has a tension with Belle experiment



= decays: SCS

J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

Channel Afac Acom Atot Bfac B Bt Bineo Ot heo
=+ — Ant 0.46 —150 —1.04 —1.69 2.16 0.47 0.85 —0.33
= - 3%+t  —-0.90 -1.00 —1.90 3.29 0.74 4.03 4.30 —0.95
=+ — Ttq0 0.32 0.99 .32  —1.16 1.61 0.44 1.36 0.23
=F - Tty —0.74 1.42 0.68 2.58 —2.19 0.39 0.32 0.36
=+ — pK. 0 -210 —2.10 0 264 264 3.96 —0.83
=F 5 =K+t —2.30 1.16 —1.14 8.43  —3.46 4.97 2.20  —0.98
=0 - Ax? —0.12 1.06 0.95 0.42 —096 —0.53 0.24 —0.41
=0 - Ap 0.27 1.51 .78 —0.94 —027 —-1.20 0.77  —0.45
=0 5 3070 -0.23 —0.70 —0.93 0.82 1.36 2.18 0.38  —0.98
=0 — xo% 0.53 —1.00 —048 —1.83 1.55  —0.28 0.05 0.36
=05 ¥t —1.28 —141 —2.69 4.67 0.22 4.89 2.62 —0.90
20 5 Tta- 0 1.41 1.41 0 2.49 2.49 0.71 0.89
=0 — pK~ 0 —-094 —0.94 0 —186 —1.86 0.35 0.99
=0 5 nK' 0 -210 —2.10 0 296  2.96 1.40  —0.89
=0 —» =0K0 0 2.10 2.10 0 —4.17 —4.17 1.32  —0.85
=0 5 ="K+t -231 -094 —-3.24 8.49 0.71 9.20 3.90 —0.97




Discussion

1. A - YK puzzle

2.27 > E% T and 20 - E" ' tension
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AL - EYK T puzzle

[\ u K , K , Kt
“c ‘w‘ s / /
/ /
A
Type-lli A o s N ,
. s ‘e = = e =)

W-exchange \ . S . O =

u K+ , K
s /
/
A f 7 =0
s c =
l =0

-
3
)]

(b)

_

com + =0 74\ _ 1 . .
AN - E°KT) = _f (azw\j - aE“EQ)’ identical under SU(3)
K
ca A+ _y =0+ 1 A(K+) M=o + My+ Mz0 + Mp+ Afe+) Mzro + Mp+ 4K+
B (A(T I( ) =0y + (L2+A+ + aEO:() q O A + + Q=o=/0 . (]_,,0 +
fI\ - nlA+ - 77lz+ ¢ © 771‘—() - 771/‘() c A( oo c l”‘_() - ,”—-’() — Ac

\ T /



At - E9K* puzzle
Exclusive non-leptonic charm baryon decays

J.G. Korner'* and M. Kriamer!:2*

! Institut fur Physik, Johannes Gutenberg-Universitat, Staudinger Weg 7, Postfach 3980, W-6500 Mainz, Federal Republic of Germany
> Deutsches Elektronen-Synchrotron DESY, W-2000 Hamburg, Federal Republic of Germany

Received 23 March 1992
A= Afac

H
2 CWC_(]\JlPl'PZ—MIM%—;M11M2M3)3I3

udsdu udsadu AM M,
v d e udoc

Ia Ib
17 (c.+c ) 2—,1](:(c++0-1

Fig. 1. Quark diagrams contributing to n.l. decay A — An™ in-
cluding colour-flavour weight factors

(7)
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AL - EYK T puzzle

PHYSICAL REVIEW D

VOLUME 50, NUMBER 9 1 NOVEMBER 1994

Nonleptonic charmed-baryon decays: Symmetry properties of parity-violating amplitudes

P. Zenczykowski

Department of Theoretical Physics, H. Niewodniczanski Institute of Nuclear Physics, Radzikowskiego 152, Krakow, Poland

e
By ————— B;

(a)

U

e —— et

——————
’
ta
S S
J—

(b2)

L

(d2)

(Received 1 March 1994)

The quark diagrams relevant for the nonleptonic
charmed-baryon decays are shown in Fig. 1. Diagrams
(a) and (a’) correspond to the factorization amplitudes.

For the parity-violating amplitudes, the contribution

from diagrams (d) vanishes.| The pole model contribu-

tion from the intermediate 5~ baryons is contained in the

W-exchange diagrams (b1) and (b2). In Ref. [4] the
quark model technique of Refs. [8,9] was used to deter-
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(b)

1

comy/ A + =0+ .
A (Ac — =K ) — fre Ao+ At different from Korner-Kramer: SU(4)

— J=ox+ A4 A+ imi
fK =0y M+ — Mg StHA, similar

Bca(A;{— N EOK+) _ 1 A(KT) mMzo + my+

big and positive alpha

Channel Afac gqcom Atot Bfac Bca Btot | Bthco BCXp [7] Qtheo Qexp

0 —12.10 —12.10\0.73>< 10-2 (0.55+0.07)10"2| 0.90 | 0.77+0.78

Al - Z0K+ 0 —4.48 —4.48

=) — NTK-

—c

=0 - —
=) — pK— X 7
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= - 20t = ==t
w\,\ﬁ< 7 l % < -
com (= —=0,_+ 1 com (=0 =T\ — i
APH(ET = B rT) = ———azoxg A®(E = ET71T) = ——azo=o
o fr
s 07 = 1 (omm TR 0y 7 ) BAE 2t = - (gf“;? mg-  mge
T m=o m=o c m=o M=ro c fﬂ_ == mE(C) . mEO
Channel Afac Acom Atot Bfac Bea Btot Btheo Bexp Ot heo Qexp
=) 5= 7t | =742 —5.36| —12.78 28.24  2.65 30.89 |6.47 1.80£0.52 —0.95 -0.6 £0.4
=F - =0t | =741 536 | —2.05 28.07 —14.03 14.04 |1.72 1.57+0.83 —0.78 —

a5050>
C

constructive

distructive



Comparison

Modes This work Geng et al. [14, 46] Expt.
AF = Azt 130 (—0.93) 1.27+0.07 (—0.77£0.07)  1.30 + 0.07 (—0.84 =+ 0.09)

)
Af = 07t 224 (-0.76)  1.26 +0.06 (—=0.58 £ 0.10)  1.29 £ 0.07 (—0.73 £ 0.18)
Af = ta0 224 (-0.76)  1.26 +0.06 (—=0.58 +£0.10)  1.25+0.10 (—0.55 £ 0.11)
AF St 074 (—0.95)  0.29+0.12 (—0.707039) 0.53 £ 0.15
Af - pK' 211 (-0.75) 3144015 (—0.99%099) 318 +0.16 (0.18 = 0.45)
)

)
A - ZK*T 073 (0.90)  0574+0.09 (L.007009)  0.55+£0.07 (0.77 £0.78)

A — prt 0.13 (=0.97) 0.117917  (0.24 £ 0.68) < 0.27
AF = pn 1.28 (—0.55) 1.12+£0.28 (—1.007905) 1.24 +0.29
AY - nrt 009 (—-0.73)  0.76 £0.11 ( 0.27 £0.11)

AF = AK*Y 107 (-0.96) 0.66 +0.09 ( 0.09 +0.26) 0.61 4 0.12
AF = SOK*T  0.72 (-0.73)  0.52+0.07 (—0.987003) 0.52 + 0.08
Af - STK? 144 (-0.73)  1.05+0.14 (—0.987003)

* Now most predictions for branching fraction and decay asymmetry are consistent with fitting
results based on SU(3) symmetry.
* The difference in A} - n ™ requires



Comparison

Modes This work Geng et al. [14, 46] Expt.
=F 5 2FK 0.20 (—0.80)  0.787192 (0.937097)
"+ — Z07t 1.72 (—0.78)  0.4240.17 (—0.43 4+ 0.57) 1.57 4 0.83
:g — AK" 1.33 (—0.86)  1.42+0.09 (—0.857019)
=0 5 YOK  0.04 (—0.94)  0.0970-11 (0.30+9.79)
=0 5 »tK- 078 (0.98)  0.76+£0.14  ( 0.93790%)
0 — 2070 1.82 (—0.77)  1.00+0.14 (—0.967002)
Jg — 20 2.67 (0.30)  1.30+0.23 ( 0.80 £ 0.16)
[ 20 =7t 6.47 (=0.95)  2.95+0.14  (=1.00"000)  1.80 £ 0.52 (=0.6 +0.4) |

* The signs of « are consistent, except 2F — X+ K0
Both groups have the same tension with 2} - Z%7t and 22 - Z~rt, waiting for further

confirmation from experiment.



Modes This work Geng et al. [14, 46] Expt.
EF = AnT 0.85 (—0.33) 1.234+0.42 (0.03 £0.18)
=5 — X0t 4.30 (—0.95)  2.65+0.25 (—0.61 £ 0.12)
=F - otq0 1.36 ( 0.23) 2.61 £ 0.67 (—0.18 £ 0.36)
=F - Xty 0.32 (0.36)  1.50£1.06 ( 0.30 % 0.60)
=5 — pK 3.96 (—0.83)  4.64 +0.72 (—0.83 £ 0.06)
=F - 2Kt 220 (-0.98)  0.76£0.12 ( 0.39 £0.16)
20 — An 0.24 (—0.41)  0.31£0.11 (0.08 & 0.22)
=Y — Ang 0.76 (—0.45)  0.79 £ 0.27 (—0.17 £ 0.26)
=0 5 3070 0.38 (—=0.98)  0.50 £0.09 (—0.74 £ 0.25)
=0 — 20 0.05 (0.36)  0.18£0.11 (—0.20 & 0.76)
DD Yt 2.62 (—0.90) 1.83 £0.09 (—0.99 &+ 0.01)
20— St 0.71 ( 0.89) 0.49 £0.09 ( 0.91 £ 0.09)
=0 — pK~ 0.35 (0.99) 0.60 +£0.13 ( 0.82+0.11)
=0 - nK 1.40 (—0.89)  1.07+0.06 (—0.74 4+ 0.12)
=0 — 20K 1.32 (—0.85)  0.96 4 0.04 (—0.53 £ 0.09)
=0 5 ="Kt 390 (-0.97)  1.28+£0.06 (—1.007005)
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Summary

* Weak decays of anti-triplet of charmed baryons are predicted.
* The sign of form factors can be discriminated.

* Several A} decays are in agreement with BESIII.

* The Af - Z°K™* puzzle is resolved.

e AtensionexistsinEf - E%z7t and EY - E xt.

* Wait for more BESIII, Belle/Belle-Il data to examine AY, E;“Odecay
theory.



