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Progress 1: experiments before 2022

* BESIII
> absolute branching ratio of AT » pK~n*, 2016
> observation of AT - nKdn*, 2017
»Af - prn® and Af - pn®, 2017
> absolute branching fraction for A —» E°K*, 2018
> decay asymmetries in A, & PK;, Ant, 2t 1%, 2%, 2019
> absolute branching fraction of inclusive decay A} — K59X, 2020

> absolute branching fraction for A7 — pK2n, 2021
> ...

e Bell

»Measurement of EF - E-ntnt, 2019
»measurement of E2 - E~r*, 2019

»asymmetry of 20 - -, 2021

> Branchng fractions of A¥ — pn and A} - pr®, 2021

> ...

* LHCb

»Branching fraction of A > pm~K™*, 2018
» Observation of £1.F, 2017

» Observation of £} — Ef7*,2018

» Observation of Zf - p¢, 2019

» Precision measurement of £} mass, 2020
»Search for £, 2020, 2021

»Search for O}, 2021

> ...



Progress 1: experiments since 2022

* BESIII

» First measurement
= Branching ratio:
At >nnt, At -pn', At 5 A°KY AL 520K
» Improvement
= Branching ratio: AL — X1K;
* Belle
» First measurement
= Branching ratio: A > pn', At > A°K+ AL - 30K*
= Decay asymmetry:
A 5 A°KY AL 530K, At 2t At Sty
» Improvement
= Branching ratio: AL - pn’

= Decay asymmetry: Af > At AL - 307t AT 5> 3t 0

Observation of the Singly Cabibbo Suppressed Decay A} — nrt

M. Ablikim et al. (BESIII Collaboration)
Phys. Rev. Lett. 128, 142001 — Published 4 April 2022

Measurement of Branching Fractions of Singly Cabibbo-suppressed Decays
AF — 3°K+ and ZTK2

2207.10906 [hep-ex]
Measurement of the Branching Fraction of the Singly Cabibbo-Suppressed Decay
AF - AKT

2208.04001 [hep-ex]

Measurement of the absolute branching fraction of the singly Cabibbo suppressed
decay AT — pn’

2207.14461 [hep-ex]

Measurement of branching fractions and decay asymmetry parameters for A} — Ah*
and A] — X°h* (h =K, 7), and search for CP violation in baryon decays
(The Belle Collaboration)

2208.08695 [hep-ex]

o

First measurement of the A} — pn’ decay




Progress 2: theory

* Pole model + current algebra + MIT bag model
* Rescattering
* NR quark model
e QCD sum rule
e Fit
= SU(3) flavor symmetry
" Diagrammatical approach



Framework for Fitting



Flavor symmetry
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Amplitudes

channel A channel A
A} = At %(—2@ — 2az — 2a3 + as — 2as + a7) Ef - =%t —2a3 — a4 — agp
A= pRO —2a1 +as + ag =0 A°K° %(—4(11 + 2a2 + 2a3 — 2as + as + a7)
Az— — X0xt 32@(—20.1 + 2as + 2a3 + a5 — a7) E(c) — EO—K—O 3?(—2(12 — 2a3 + ag — a7)
AF 5 2tx° 52é(2a1 —2az —2a3 —as +ar) =0 5 utK- 2a3 + a4 + a7
Y24 _ — z / &
A¥ S5ty c2cg(—12a0 — 6ay — 6az + ?as + 6aq + 3as + 3ar) 20 _y 50,0 4(_2(11 T S—
+54(2a0 — ap — a4)
Ad o s %s¢(—12a0 — 6a1 — 6az + 6az + 6ag + 3as + 3az) =0 =0 3{5—5%(120.0 + 6a, — 6as + 6ag + 3as + 3as)
= —cg(2a0 — ay — as) i +354(—6ao — 6a2 — 3a; — 3a7)
A 5 E0KH T T =0 _y =0y & 56(12a0 + 6a1 — 6as + 606 + 3as + 3as)
N N —1cs(—6ao — 6az — 3ap — 3az)
St ot K 2a3 — a4 — ag =20 =t 2a; + as + ae
channel Se 24 channel Se 2A
A 5 pK° 2a3 — a4 — ag S o e —2a; + as + ag
A 5 nK* S, S 20 5 AK®  ¥8(_2a; +4ay + 4a3 — a5 — as + 2a7)
EF - AK™* 5@(—2(11 + 4az + 4a3 +as + as — 2a7) | EX = pr~ —2a2 — a4 — ar
=F = pn® %(—2(12 — a4 +az) =20 = na° ‘/75(—20,2 — a4+ ar)
Y2.,(—4ao — 2a2 + 2ah + a4 + az) Y2c,(—4ao — 2az — 2ah — as — az)
=+ o pm 5 Co 0 2 o+astar 20— 5 Co 0 2 0— a4 — a7
+s¢(2a0 + 2a; — 2a3 — ag — 0.5) +S¢,(2ao + 2a, — 2a3 + a{) + a5)
oy §s¢(—4ao —2a2 + 2ah + a4 + ar) 20—y ‘/Tas¢(—4ao —2a2 — 2ah — a4 — ar)
= —c
—cg(2a0 + 2a1 — 2a3 — ay — as) —cg(2a0 + 2a1 — 2a3 + ag + as)
= o5 nrnt —2a2 + a4 + a7 i EC) o ﬁg(Zal + a5 — as)
= 5 2Kt %(—2(11 + a5 — ag) =0 52Kt —2a1 — as — ag




Amplitudes

channel s;tA channel s;1A
AZ- — AK*t 5?(2&1 — 4as + 2a3 + 3a4 — az + 2a¢ + 2&7) Ej' — 20K+ 2as + 2a3 + ag — ar
AF = pn® 5;—5(2@ + 2a3 — ag — ar) 20 5 Ax° 3@(—2@ —2as + 4asz + 3a4 — a5 — ag — az)
AF S pp lzéc¢(4ao + a2 —2a3 — 2ap + ag — ar) 20 1 Ag leéc¢(12ao + 2a1 + 2a2 — 4as + 6ag + 3a4 + a5 + ag + ar)
= +84(—2a0 — 2a1 + ap + a4 — as + ag) =8 +56@s¢(—6a0 —4ay — 4az + 2a3 — 3af — 2a5 + as — 2a7)
At ! A§.~3¢(4ao +az — 2a3 — 2ah + ag — az) 20 -5 Ay -‘?sd,(lho + 2a1 + 2a2 — 4a3 + 6ay + 3a4 + as + a6 + az)
N —cy(—2a0 — 2a1 + af + a1 — a5 + ag) e —3§c¢(—6ao — 4ay — 4az + 2a3 — 3ay — 2as + ag — 2a7)
AY =5 nxt 2as + 2a3 + ag — ar 20 5 pK- —2as —ay — ar
A 5 20Kkt Aé—§(2al —2a3 — a4 — as) =% 5 nK° 0
A: —3HK° 2a; — 2a3 + a4 — as EE—)n?O 2a1 — 2a> — 2a3 + as — ay
A 5 SHR° 0 20 — nK? —(201 — 2a2 — 2as + a5 — a7)/V2
A 9 BtKY (2a1 — 2a3 + a4 — as)/V2 20 5 nK? (2a1 — 2az — 2a3 + as — a7)/V/2
AY 5 TtK? (2a1 — 2a3 + aq — as)/V2 20 5 3050 %(2:11 + 2as — a4 + as — ag + az)
1 ’
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" i i 4 +¥25,(2a0 — 2as + aj + as)
Lss(—4ag — 2a1 — 2a2 — 20} — ag — as —a
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=F - pK2 —(2a1 — 2a3 + a1 — as) /2 2ot 2a1 + as + as
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V20, (dag + 2a; + 2as — 2ah — as — as — ag —
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i Lo
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Amplitudes connections

M(AF = 2071 = —M(AF — =179
MAFETKY) = M(EF = pK’

MAF = 7)) = M(EF - E°K?)

ME? - nEK") = —M(E2 - 2°K0)
M(AF = nK*t) =sin? OM(E}F — E071)
MEF = nnt) = sin? OMES - =0 )
MET = £TK? =sin2 OM(A} — pKY)
MEF 5 TTKY) = —— 129/\4(1&+ — pK?)

sin
ME! - K1) = —sin? oM(A} — pK’ ) =sinOM(E2 - E"K*) =
M(EL — pr~) = sinM(Z2 - pK~) = —sinM(E —» tn™) =

—sin QM(H — E77t)

—sin?M(E? - ZTK")
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Fitting scheme

exp th
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e branching fractions (20):
A — Nt pKC. S0t gt Sy, Bt BAKCY o, i ot AKT, 2K s, BT KD,

20 » E-nt,E K+, AKY, 20K, St K-,
=+ =0+
= =

e decay asymmetries (4):

A, = Ant, X0t B0
20 5= nt

12



Results



Coefficients of irreducible rep.

This fit Alternative fit o (A _é_ R pKSQ),
parameters values parameters values parameters values parameters values Witout B( A-g N pTL’O),
ag 8.3110:%¢ bo 40.4412-32 ag 11.59%383 bo 9.3413:85 o = 10.24, ndf =7, 52, /ndf = 1.46
a —2.8010-29 by 8.922022 a —3.24 +0.22 by 7o 08
az 1.06+023 by 1.57+085 as —0.26192 bo —2.28%0%
a3 —0.98+0.27 bs —0.28 +1.04 a3 ~1.29%0%7 bs ~1.44%05;
dl 10.84+1:55 A 84.79117.72 d 14.7071:38 bo 14.33%3%3° :
If all observables included:

ay —gifia*o 00 by 9 g5H292 as —i)i38% 257 by 0.8073 417 5 5
as 2.79+0:38 bs —1.82+1.98 as 2.0410:43 bs 03618 | [Xmin = 30-83, Xinin /lf = 2.06
as 051194 be 51650 ag 1.038955 be Hiipay
az 0.09+341 by —7.941177 az 3,690 by 5.05% 2
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AT decay

channel A(107'Gr) B(107'Gp) 10%B o

A} — Ant 0.30100¢  _165+021 1.30+£028 —0.84707°
AF 5 pK’  089+007 —1451020 3151051 _(gy+0.08
Af - 2%+t  060+£0.07 —0.647030 1.26+0.30 —0.611953
Af - xt2% —060+0.07 0651959 1.27+0.30 —0.6119>
A - ¥tp 0044011 -1.35+0.89 0.38703 —0.21+0.59
AY -ty —0.847033  —0.97130%  1.037035  0.35+1.06
Af - E0K+ -0314£0.09 -1.391038 053707  0.99810-026
AY - AK+* —0.154£0.02 —0.017070  0.064190%  0.057032
channel A(1071GF) B(10~1GF) 10%B !

AF = pn® —0.00713:912 0.085100%6  0,0041+00052 o 3g+0.79
A} — pn 0.23 4 0.03 —0.0819:55 0.1440.04  —0.27 +0.66
AF —pyf 0.13 + 0.07 0.32+0.69  0.049+£0.089  0.97 +0.48
AF = nat 0:013% 005 0.35 % 0.08 0.067 5 0.18% 05,
Af = 0K+ —0.086 %+ 0.015 12 70 A 0.05270013  —0.98 4 0.05
Af - StKO  —0.17 £0.02 013905 0.114+0.03  —0.92+0.10
Ay - pK®  —0.0073£0.0046 —0.014100%  (2.401339)107*  0.97153°
A} - nK* 0.013 £0.005  —0.008812%1% (4.761358)10~¢ —0.5210-29
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=Y decay

1028

1028

A(10'Gr)  B(10~'Gr) -
1 o channel ( d 18 +0.14 0.38 +0.08 0.71 £ 0.09
A(10"'Gr)  B(10"'GF) 013 =0, 30 —0.16£0.02  —1. ' 4
channel 0.67 £ 0.22 —0.85+3-13 Se 2 0.49 2.66 +0.41 0.94 +0.0
20— AR’ 026+0.06 —1.32+026 0.67+0. 0.15+055 S0 X0 0742005 —448:+04 0.011010 0741045
=—e . . —U.
=0 _, s07? 0.0180.067 —0.74%53;  0.14£0.09 0ol =0 s Str— 0.026+£0.02  —0.179% 0.008 _pEn
_0 — XK 0.070 =0 18015 —0.77 545 Se +0.015 48 + 0.07 0.077 + 0.021 0.577¢16
=0 YK 0.12 +£0.09 —0.77Z 32 g 45+8 13 i ﬂ:_O e =0 St —0.052+0.015 0(-) s 0 o 0,052 = 0,017 _0.817018
S 7 —-1.32 +0.26 “29_0.19 : ' =0 . =070 0.069 + 0.023 —0. . . ' +0.16
=0 _y 50,0 —0.013+0.069 —1.3 o 1007 =0 20K : 10012 —0.681016
=0 _, =0 24011 869089  147772% (.73 KT 00527008 048007 0.6 80vi0-4 0.29
20 —» =% 1.0 3.07 +8.15  0.999 + 0.007 Se S 0.0038 +0.015 (13.562:80)10 0.47 £ 0.
=0, 20 4.670:3 2190750 61.07 1031 —0.63010 20— AK®  0.0058T5g039 0. 066-1000(1)3»4 ;1037(.35’1)10‘4 —0.6210:41
- - +0.07 230k 1197073 e =0 —0.005910:904 0.039 55,016 (8. Py _ r+0.86
20 5 =xt 0.23 o +0.009 0:94 2 Ec—pm 0700136 (3 6+209y1 0.50%¢ 72
=0 0 —0.045 £0.015  —0.17-9:97 0.016 Z5.008 0. 0 0 0.01240.003  —0.0070+0:0136 (3 60209 ]
o — Am 007+ 0. 2044024  145+028  0.79 +0.07 Ee - nm 0.070£0.006  —0317002 005140012  0.8340
20— A 0.35 +0.03 - : +0.06 | | EX—nn - ' 44 +015 8+0.10  0.74+0.06
_8 " 1.27 4 0.09 T 10-30£L7 087 % 0.06 =0 s ~0234£002  —1.44701 0.5 g 908-+0.020
e 0'026 +0.020 0175567 00145507 —0-64-045 =0 30 50 0.01273:005  0.039+0.011  (6.99%537)10 i = 5 ¥
:0 S oK~ —0. . et =), _ +0.18 =Y — 0.00 : +8.24 10~ —0.6 To17
=0, ifo —0.069 £0.023  0.48 £0.09 0.11540.04 2 g gg+8 19 S = o 0127908 0114002 (31.00°531)
= SO0 0057072 Se
E§ - X070 —0.0009070:01260  0.10+0.05 (0.3170:3%)
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=T decay

channel A(107'Gr)  B(107'Gp) 10%B a

EF > STK° —014+£0.09 —0.291039 021102 091036
=t — 20t 0.25+0.09  —0.18*03%  0.50 4+ 0.36 —0.411587
Ef — Aﬂ 0.00i8 000 08260 0.11 50 0.02%3:3
=F — pK ~0.174+0.02  0.3970%% 0.397075  —1.0 £0.0002
Er — 207t —0.171pm0.02  0.1719%  0.26 £0.05 —0.627 02
=t —>2ta0  016£0.02  —0.107098  0.20+0.05 —042105)
Ef 5%ty —0.047+£0.027 0.234+0.20 0.0514+0.067 —0.91 +0.40
= - 2ty 020+0.07 0.24+069 0.20+0.16 0524 1
channel A(1071GF) B(107'Gp) 10’8 a

Ef - 20Kt 00131992 0.35 + 0.08 0.067200 026704
Er — AKT  0.019 £ 0.004 Dil3To0: (@505 0~ edetll
=+ — pn0 —0i00367 00032 0029700 (1397110 08173 L
=5 — pn —0.0424+0.006  0.035+0.045  0.014+0.005 —0.63 +0.63
=t — pyf —0.030 £ 0.016 —0.077 £0.155 (8.9771749)10~3 0.997 £+ 0.157
EF - nrt 0157000 007073 (@ITRLI0T® 099t
=F - 0Kt 0.028703%2  —0.08840.011  0.011+0.002  —10.003
BEf - 2tKO  0.04579:903 —0.07379915 0018 £0.003  —0.837010
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Comparison: Branching fraction

channel This work GLT[1] HXH|2] ZWHY[3] ZXMCI[4] exp. values
1072B(Af — Art)  1.30+£0.28  1.30+£0.07 1.307+£0.069 1.32+0.34  1.30 1.30 £ 0.07
1072B(A} — pKY) 1.58+£0.27 1.574+0.08 1.587+0.077 1.57+0.05 1.06 1.59 £0.08
1072B(A} —» X%%) 1274030 1.27+£0.06 1.272+0.056 1.26+0.32 224 1.29 + 0.07
1072B(Af - =+#0) 1274030 1.27+0.06 1.283+0.057 1.23+0.17 2.24 1.254+0.10
10-2B(A} — =) 0.3810%  0.32+£0.13  045+0.19 047+022  0.74 0.44 £ 0.20
0.314 + 0.044[5]
1072B(A} — =) 1.03708) 1444056 154060  0.93+0.28 - 1.50 £ 0.60
0.416 =+ 0.085[5]
1072B(Af — Z°K+) 0531075  0.56+£0.09 0.548 £0.068 0.59+0.17  0.73 0.55 & 0.07
10 °B(AT = pn) 1.45+037 1.156+0.27 1.27£024 1.14+0.35 1.28 1.42£0.12
10*B(A — pr) 4944893  24.5+14.6 27 + 38 71+ 14 - 4.73 4+ 0.97[6]
5.62123% & 0.26]7]
107*B(Af —» AKT) g4t 6.5+ 1.0 6.4+ 1.0 594+ 1.7 10.7 6.21 & 0.61[8]
6.57 + 0.40[9]
10%B(Af —» £°K+)  5.03115 5.4+0.7 5.04+0.8 5:5 1.6 7.2 4.7 4 0.95[10]
3.58 £ 0.28[9)
10%B(A — nxt) 67 0 8.5+ 2.0 3.5+ 1.1 7.7+20 - 6.6 + 1.26[11]
10~4B(AY - TtKY)  559%13% 5451075 1.03+042  9.55+24 72 4.8 4 1.4[10]
10~4B(A} — pn0) pidLAe e 1.2+1.2 445+ 8.5 0:8%02 1.26 <2.7[12]
< 0.80[13]
102B(Z0 —» 27t 1197950 2214014 1214021 1.93+0.28  6.47 1.43 +0.32
1073B(E0 - =" K*) 046+0.12 098+0.06 047+0.083 0.56+0.08  3.90 0.38 +0.12
103B(20 - AKY) 3.37+1.08  5.25+0.3 3344+065 4.16+251  6.65 3.34 +0.67
10~3B(E2 —» =°KD) 0697 " 0.4+0.4 0.69£0.24  3.96 % 0.25 0.2 0.69 + 0.24
10-3B(E0 » =+tK-) 1797133 59+1.1 2.21+0.68  22.0+5.7 4.6 1.8+0.4
102B(Ef —» =97t)  050+0.36 038+0.20  054+018 093+0.36  1.72 1.6+0.8
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Comparison: decay asymmetries

channel This work GLT[1] HXH|[2] ZWHY[3] ZXMCI4] exp. values

a(A}F = Ant) —-0.82701Y  —0.87+£0.10 —0.841 £0.083 - —0.93 —0.84 +0.09
a(AF — pKY) —0.91100  _0.89+0-2° 0.19 4 0.41 - —0.75 0.18 +0.45
a(A} — X0xt) 061702  —0.35+0.27 —0.605+0.088 - —0.76 —0.73+0.18

—0.463 + 0.018(9]
a(A} - Tt70) —0.6170%  —0.35+0.27 —0.603 £0.088 - —0.76 —0.55 +0.11

—0.48 + 0.03[5]

—0.755 %+ 0.006[9)
o(29 —» E-7t) —-0.64701  —0.9810%7  —0.56 +0.32 : —0.95 —0.64 £ 0.05
a(AT - 2tp) —0.21 +0.59 _—0.40 + 0.47 0.3+ 3.8 - —0.95 —0.99 + 0.06[5]
a(A}F = =ty) 0.35 4 1.06 100150 08+1.9 - - —0.46 =+ 0.07[5]
a(AF — AK™) 0.05+932 0.32+0.32 —0.2440.15 - —0.96  —0.585 =+ 0.052[9]
a(A} — ZOKT) —0.984+0.05 —1.007995  —0.953 & 0.040 i —0.73  —0.55 = 0.201[9]
a(A} - ZOKT) 0.998™ 0026 0.9470%% 0.866 & 0.090 . 0.90




Discussion 1

. AJC“
« Except Af » n K™, all the decays of A} have been measured .
* Decay asymmetries of several modes need to be confirmed

[1]

C

* There are still several channels yet to be measured, including CF modes:

=0 =00 70,, 70,/

* Wish BESIII good luck after 2024!



Discussion 2

* Branching fractions

* Consistent well: almost all the measured channels
* Not consistnet: 2 — 29

 All the fitting results indicate a smaller value than Belle measured value.

* Decay asymmetries
e 5 channels consistent well: Af - Art, 2%z, 2tnY 2%k, 5 5 E7n
* 3 channels not consistent: AT - pKJ, = n', AK™*

« AT - pKSQ, whether taking it as input or not, the prediction is negative, pole model
calculation is negative, while BESIII gave positive sign.

« AL -» X%y’ fit: positive; Belle: negative

« AL - AK™ fit: positive or negative; pole model: negative; Belle: negative
* 1 channel unclear:

« At —» EOK fit: positive; pole model calculation: positive; BESIII:

+

21



Summary

 More data emerge during the summer of 2022.

* Fit at current stage:
* Providing complementary information to model calculations and experiments;
* Providing predictions for unmeasured modes;
e Checking SU(3) symmetry in charmed baryon decays.

* Afitincorporating all current data does not work well.
* We find a fitting scheme by opting for most of the measured values.

* Ways to solvoe the inconsistent problems for several observables:
* Experimental values will be changed with more precise measurement;
e SU(3) symmetry breaking effect;
* The improved theoretical calculations.



