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Topological Diagram Approach (TDA)

Charmed meson
two-body decays can be expressed In terms of six distinct topological

diagrams [Chau (1980, 1983) ; Chau, Cheng(1986)]
L. -L. Chau in Proceedings of 1980 Guangzhou Conference on Theoretical Particle Physics
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T (tree) C (color-suppressed) & (exchange)

AN
e (N G g

A (annihilation) # (horizontal W-loop) D (vertical W-loop)

both magnitude and strong phase of each tree diagram can be determined
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[ts Triumph in Meson Sector

Hadronic WeaR Decays of Charmed Mesons

Hai-Yang Cheng (¥/5%%)
Academia Sinica, Taipei

Branching fractions

2024 BESIIl Workshop on Charm Hadron Physics

May 11, 2024
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e+ Experiment

Th: the only predictions of O(10-3)
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D ire C t CPV . CC: topological approach + QCDF

I - Cheng, Chiang, 2012

LLY: factorization-assisted topology (FAT)
Li, Lu, FSY, 2012
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Topological diagrammatic
approach successfully
predicted the charm CPV !!!

2011 2012 2013 2014 2016 2019

Saur, FSY, Sci.Bull.2020

PHYSICAL REVIEW LETTERS 122, 211803 (2019)

Editors' Suggestion

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° — x~x* decays is measured 10 be AAp =
[=18.2 £ 3.2(stat) + 0.9(syst)] x 10~* for x-tagged and AA.p = (-9 £ RI5L < 104 for 4
tagged D° mesons. Combining these with previous LHCb results leads
where the uncertainty includes both statistical and systematic contnbu Ons. i
from zero by more than 5 standard deviations. This is the first observation of CP vnolauon in (hc dccay of
charm hadrons.

DOI: 10.1103/PhysRevLen.122.211803
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Early TDA Seeking for Baryon

- Kohara (1991) : parameterize by antisymmetric (12) and (23) for octet
baryon wave function

\(( Y Y( A =aB'“'B M} +bB"“")B M3+ BB, , M5 +d, BB, M} +d, B "B, M
Y Y Y +d;B*B M) +d B CUB M)} +eBPIB ,, MP+RBY (BB, M2,

O BE) = alx™(1/2) 4 ¥ (®)ara) + A1/ 120) ¥ (8) )

- Chau, Cheng, Tseng (1996) : parameterize symmetric and antisymmetric (12)

[ZCMEJ Fgg |Bm’k(8)> T a|Xm(1/2)A12>|¢k(8)A12> o8 b‘xm(1/2)512> "‘pk(S)Sm)

&_] s | Lo 2]

- Kohara (1997) : physics is independent of the chosen convention
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Recent Baryon TDA Attempt

- He, She, Wang(2019) : a general TDA description
- Zhao, Wang, Hsiao, Yu(2020) ;
- Hsiao, Wang, Zhao(2022): followed Kohara, parity violation terms absent

- Wang, Luo(2024) : independent parametrization, penguin included

Unlike IRA, proper global fits to the measured rates and decay asymmetries
1n TDA were still absent

TDA: more 1intuitive, graphic and easier to implement model calculations




Completeness
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hairpin diagram

contributing to singlet g,

Arpa = T(B.)YHf™M! [bl (Bs);jx 1+ b2 (Bg);x; + b3 (B8)jkz']
+ C(B.)” H{* M), [b4 (Bs);;; + bs (Bs);;; + be (BS)jli]
+ C'(B.)" Hy M[" [b’/ (Bg)1j + bs (Bs)yji + b (BS)ljk]
+ B4 (Bc)inflMlm blO (88)jkm + b11 (B8)jmk + b12 (BS)kmj]
( c)UHkle b13 (BS)jlm + b14 (BS)jml + b15 (BS)lmj]
E3(B.)" H{ M [bi6 (Bs) gy + 017 (B8) gyt + b18 (B8) 1
+ Eh( )ZJHfann.: [blg (BS)jkl + b20 (Bs)jlk + b21 (BS)klj] )
EULEET R p
C e
\ = Sy ZA0
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Arpa = T(B.)?Hf™M,, |by (Bs) + ba (Bs)r; + bs (Bs)ykz

25 C(Bc)in}TlM,,'; b4 (88)z'jl + bs (BS)z'lj + be (88)jlz'

+ C'(B.)Y Hyy M b7 (Bs) k1 + b8 (Bs) s + b (Bs)yjn

i El(Bc)inz-klMlm b1o (Bg)jkm + b11 (BS)jmk + b12 (BS)kmj

+ E2(B)” H{' M |b13 (Bg) jip, + 14 (Bg) jyy + b1 (B8)imj
E3(Be)” Hi* M™ b (B8) kim + b17 (B8) gt + 18 (BS)lmk
+ Ey(B.)Y Hf*  M™ 519 (Bs) iy + b2o (Bs) jy, + b21 (BS)li ’

M %C BS zyk = Ez]l(Bg)gc

L,. , N B

T C




ATDA — T(BC)UHlkmMTIn bl (88)7,_7}3 T b2 (BS)ik] T b3 (BS)jkz

C(B)?H{™ My, | bs (Bs )iz + b5 (Bs); + be (Bs) i
+ C'(Be)” Hpyy M™ | b7 (Bg); + bs (Bs) i1 + bo (Bs),i

+ El(Bc)inflMlm b10 (BS)jkm + b1 (Bg)jmk + b1z (BS)kmj

55 EQ(B )UHMMIT b13 (BS)jlm + b14 (BS)jml + b5 (Bs)lmj
+ E3(Bc)"” Hf M [bis (Bs)jym + b17 (Bs) gt + b1g (Bs)lmk]
+ En(B.)" H My b19 (Bs) iy + b2o (Bs) jyy, + ba1 (BS)li A 4

Korner-Pati-Woo theorem:

quark pair in a baryon produced by weak interactions
is required to be antisymmetric in flavor —> [l, k] asymmetric
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T(Bc)inlkmMrln

ATpa =
C(B.)?H™M*

+ C'(Be)” Hy M

+ Ey(B.)YH ' M["

+ Fo (Bc)ij HklMin
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+ ER(B)YH M™
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]kz

b7 (Bs)aj + bs (Bs)kji + by (Bs)yi

b1o (Bs) jkm T b11 (Bs) iy, + 12 (Bs)kmj_
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A further simplification

Arpa = T(B.)” Hf™ (Bs), 1, My, + C(Bc)” H{* (Bg),;; My, + C'(B.)” Hy, (Bg); M " ¢§ jC;;
+ Eya(Be) T HE (Bs) jom MP™ + Brs (Be) HE M [(B8) s + (Be)]| e
+ E3(Be)” H;"' (B8) pym M;" + En(B)" H; (B8)kij Mm % C:
[
e

l EnpA = —Hk4, FEss = —FE1s. KPW theorem

# diagrams: 7

Chau-Cheng-Tseng, 1996

E-— B 6 (P o 9F
El = Fh1a + E15 — Es3, Eh = by 4+ 2E85g.

: ~ . T ~ .o C = -
# diagrams: 5; parameters: 19 [Tlse™s, |Clse?s, -+ |f|,¢is}
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1
AAL - AmtY) = 3 (—a—c—dz+dy+e) Kohara ('91)

1

Amplitudes and their relations I

/ = %(—47‘ +C' +Ey) This work ('24)
Channel TDA TDA

1 /
~—=(—4T +C"+ E1p+ 3E1s — E — 5
0 \{6( ~ = 3 T ( = - 1. T: B 5 E- o+, ot ,E-K+,Z-K*; EFf - E'K™.
AF — X7t E(—C'—E1A+E15+E3) E(_C’_El)
0 1 / 1 /A~ = o NE oy fO. =0 _y =500, =+ 4y KO

A(_:i_ — E+7T E(C + ElA s ElS’ s EB) E(C’ El) ) af oy - D R - Jo = y
At — Xtng %(—C’ + E1a + 3E15 — E3) %(—é' + E1) 3. C': Af - STKO YK+ =F 5 pK.
A = Xty L(_C’ + Eha — 3E1s — E3 — 3Ep) L(_é” + Ep — 3Eh) 4. E: At 5 E9K+: 20 5 3tK- Sta— pK—,pr—,nn0; =X = pr0 nat.

AF — pK® 2C +2E;g 2C
20 > AK® 1 (2C-C'-E1a+3Eis+E;)  5(2C-C' - Ey)
20 = Z°K? -(2C +C' + E1a + Eis — E3) 5 (2C +C' + Ey)
=0 3 2tK~ —Ey4 — E15 + E3 —E,
Ee > E%0  5(—C' +2Es) %(—f}') )
Ee = E%%8  5(C' +2E14 — 2E3) 7 (C" + 2Ey)
Eg — 507’]1 %(C’ + 3E15 — E1A + E3 + 3Eh) %(C' = E1 + 3Eh)
=0 52—t 2T — 2E;g 2T 1 =5
¢ : e A(B. — BKJ) = ——=[A(B. — BK ") — A(B. — BK")],
=+ —» StK® —2C - C' 90 (! ( o 5 )
EF —» 20t 2T+’ —2T 4+ C' A(B. = BK?) = %[A(BC — BK") + A(B. — BK?)].
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Incorporation of Penguin
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Arpa = T(B)?Hf™ (Bs), 1, (M)h,
+ C(Bc)inI::nl (BS)zgl (M) + C,(BC)ZJHM (BS)li (M)m

+ E1a(Be)? HE (Bs) jjm (M) + E1s(Bo)Y HF (M)} [(Bs)jmk g (Bs)kmj]
+ E2A(Bc)inz'kl (BS)jlm (M);cn + E28(Bc)in£cl(M);cn [(Bs)jml + (BS)lmj]
+ E3(Bc)" H (B8)im (M)}* + En(B BJYH (B8)ri; (M),

Atpa = (2T — C' — 2E18)(B.)i(Bs)  HIM™ + (2C + C' + 2E15)(B.)i(Bs): Hi M,

+ C'(Be)i(Bg); (Hiy — Hi)M™ + (E1a — E1s — E3)(B.)i(Bs ) (Hj' — H}’)Mz

+ 2E15(B.)i(Bs)7(Hiy — Hi) M — En(B.)i(Bs)(H — H]*) My

E(Bis B B R 20y T PzS)(Bc)i(BS)inH;lM{n

/ / / i grld g m

+ Py(Be) Hyn® (Bg), i, (M) + P1(Bo)? Hi* (Bg),;, (M)}, e lzDzAj: Pf)(BC)i(BS)THj M,l Ui g m
+ Poa(Be) T HI® (Be)yy (M), + Pas(Bo) HI* (M) [(Be) s + (Be)i S Setbblousdue e Bile Mot bikadealin
+ B (B)THE™ (Bs), (M)} + P|(Be) P HE™ (Bs),., (M)} + (En + 2Py + 2Pss)( c)i(Bs);Hlefn” + (—Eh + 2P,'L + 2P;g)(B.)i(Bs)s Hi My
+ P4 a(Be) T HE™ (Bs)giy (M)} + Phs(Bo) HEM (M), [(Bs) s + (Bs)i ~ 2Pas(Be)i(Ba); Hin? Mi — 2Pas(Be)i(Bs); Hiy M
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Araa = a1 (Be); (Hg)]" (Bs)j, M| + az (Be); (Hg);" (Bs)j, M} + a3 (Be); (Hg);" (Bs)] M

+ a4 (Bc); (Hg)!" (Bs); Mf. + a5 (Bc); (Hg)!" (Bs); Mj. + ag (B.); (His)'* (Bs)), M;
a7 (Be); (His)}* (Bs)i M} + as (Be); (His)'* (Bs)] My + ag (Be); (Has)]" (Bs); M Har =9 S Voo V(€108 + 0208%) + hec
+a10 (Bc); (His)]" (Bs); Mj; + b1(Be)i (Hs)' (Bs);Mj + ba(B)i (Hs) (Bs); M, or &

+ b3(Be)i (H3)' (Bs), M{ + ba(Be)i (Hs3)' (Bs):M]

Araa = a1 (Be); (He)™ (Bs)l M} + a2 (B.); (Hs)™ (Bs)k Mj + a3 (By); (Hs)™ (Bs)] M}
+ a4 (Be); (Ho)]* (B); My + asBeyrtHo) (5], My,
) | + 0z By HsY5B8) M, + ag (Bo)-HreY5ABs)] Mj,
+ag ( c) (s <Bs> Mk‘*‘Wk'

redundant dof: A, = o (Bo™ (Hg),; (Be)l M} + F° (Bo)™ (H),, (Bs)l My + < (Bo)™ (Hg),, (Bs)i M}
it fd (BC)kl (Hé)ij (BS);:; Mz] a5 fe (Bc)j (HI5)Z,c (B8)Z Mk

/ / / /
a; = ay — as, Aoy = A2 as, a3 = a3 as, a, = a4 as,

Geng-He-Jin-Liu-Yang, 2024
KPW theorem: eng-He-Jin-Liu-Yang

a a - a. —a. U

F=2(P+f),  C=(-P+F),
C'=f - ——f Ep = f*,




All available charmed baryon data in 2024

B(AY - A°KT)
YA} = A7)
Y(AF — A°KT)

—0.755 £ 0.006
—0.466 £ 0.018
0.18 +0.45
—0.484 + 0.027
—0.99 £ 0.06
—0.46 £ 0.07
—0.585 £ 0.052
—0.54 £ 0.20

—0.64 £ 0.05

LHCb 2024

0.01 + 0.16 [33]

—0.90 + 0.27 [20]

—0.782 £ 0.010 —0.762 £ 0.006
—0.466 £+ 0.018
—0.744 =+ 0.015 —0.743 = 0.028
—0.484 £ 0.027

—0.99 £ 0.06

—0.46 £ 0.07
—0.569 £ 0.065 —0.579 £ 0.041

—0.54 £ 0.20

0.01 £0.16
—0.64 £ 0.05
—0.90 £ 0.27

0.368 £0.021 0.368 = 0.021
0.35 +0.13 0.35+0.13
0.502 +0.017 0.502 £ 0.017
—0.743 £ 0.071 —0.743 £ 0.071
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Observable PDG BESIII Belle LHCb Average
102B(A} — A%7%)  1.29+0.05 1.29 4 0.05
102B(A} — $07+)  1.27 4 0.06 1.27 + 0.06
102B(A} — =+n0)  1.2440.09 1.24 + 0.09
102B(A} —» £tn)  0.3240.05 0.32 4 0.05
102B(A} — S+n/)  0.41 4 0.08 0.41 + 0.08
102B(A} —» Z°K*)  0.55 4 0.07 0.55 & 0.07
10*B(AF — A°K+)  6.4240.31 6.42 + 0.31
10*B(Af - £°K*) 3.70+0.31 3.70 +0.31

10°B(Af - XTKg) 4.7+14 47+1.4

10°B(A} — nr™) 6.6 +1.3 6.6+ 1.3

10*B(AF — pr) <08 1.5610-7° [40] P56
10°B(A}f — pKs) 1.59 £ 0.07 1.59 £ 0.07
103B(A} — pn) 1.57£0.12  1.63 +0.33 [40] 1.58 £ 0.11

10*B(A} — p) 4.8+0.9 4.840.9
102B(E0 » E-nt)  1.4340.27 1.80 + 0.52 [35] 1.80 + 0.52
1025E25 K 2.75 + 0.57 2.75 + 0.57
102 gggc:;_f;%g 22.5+1.3 22.5+1.3

102 SE 2B K 3.840.7 3.840.7
102 ggg%:gtg;; 12.3+ 1.2 12.3+1.2

103B(20 — 2070) 6.9 + 1.6 [20] 6.9+ 1.6

103B(2° — =) 1.6 + 0.5 [20] 1.6 +0.5

103B(2° — %) 1.2+ 0.4 [20] 1.2+ 0.4

102B(EF —» =077) 1.6 +0.8 1.6 +0.8

EXPERIMENTAL DATA
Be”e 2024 4 | | 90° 20 + 2¢ ELASTC SCATTERNG |
- TN, | MVEBER 73
t S E w02 \ A‘A\T
o interpret data @k VT
b ‘0.3 , ’ ! ’
HEN
'0-‘70 80 00 w0 J 120 30 140
£ llod) (MeV)
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Fitted parameters

Jan. 2024

1 Xi|s 1 X;|p g o5
(102G GeV?) (in radian)

T | 2.37 +0.41 16.56 & 0.69 - 2.76 + 0.32
C | 1.04+1.08 13.82 +0.58 —1.97 +0.79 —0.37 + 0.44
C'| 259 +0.95 24.97+1.67 0.29+0.19 2.86+0.36
Ei| 410+£0.20 2.56+221 1.18+0.38 —0.96 & 0.43
Ey| 1.54 +£1.22 19.16 £ 3.00 —1.35+0.60 0.37 +0.41

21 0.81+1.89 23.02 +4.04 - 2.12+1.03
f1 2.894+1.50 30.56+1.30 2.03+0.61 —1.78 4+ 0.98
fc| 4.20+0.18 1.95+2.21 —0.06 +1.03 —2.68 +1.16
f41098+0.90 7.25+2.07 2.72+1.29 —2.55+1.00
fel 2.06+0.62 4.73+2.11 1.09+0.99 —0.94 + 0.99

2
ke dof ~ 2

Oct. 2024

scheme I: without Belle/Belle-11 2024;

scheme II: all 38 data included

scheme 1. scheme I1.
| Xils 1 Xi]p 05" Op' | Xils Xilp o5 ox
: (1072Gp GeV?) (in radian) (102G GeV?) (in radian)
T | 4.25+0.11 12.43 +0.30 = 2.40 £0.04 T | 4.22 4 0.10 12.50 + 0.28 - 2.42 +0.04
C | 3.08+0.52 11.57 £1.00 3.02 4 0.12 —0.77 + 0.20 C | 2404066 12.70 £0.71 2.88 +0.59 —0.57 £ 0.15
C'| 5.39+£0.38 18.79 £ 0.86 —0.03 +0.05 2.23 +0.11 C'| 5.26 & 0.35 19.04 + 0.85 —0.02 + 0.05 2.3240.11
E1|2.90+£0.19 10.22 £ 0.50 —2.80 +0.05 1.86 +0.10 E,| 2.86+0.19 10.20 4+ 0.50 —2.80 +0.05 1.83 4 0.09
Ep| 4.06 £0.53 13.82£1.93 2.66 £ 0.12 —1.90 £ 0.20 Ey| 3.074+0.47 11.80 £1.42 2.87+0.09 —1.75+0.19
f*| 4.10+0.52 16.18 +2.34 = 1.72£0.12 f%|3.16+0.43 10.74 &+ 1.73 - 1.68 £0.15
7| 7.00+£1.36 24.52 + 1.72 —2.78 £ 0.11 —0.30 £ 0.19 £ 7.52 +£0.30 23.27 £ 0.69 —2.98 + 0.09 —0.56 £ 0.10
f¢|2.9140.19 10.26 +0.49 —2.36 £ 0.11  2.29 £0.14 f¢| 2.86 £0.19 10.19 + 0.49 —2.51 £0.09 2.13 +0.12
f% 1.59£1.19 7.50+3.87 —2.89+0.40 0.25 =+ 0.40 f4 2344020 4.30+0.65 3.0240.21 —0.75 +0.39
F611.57+£1.39 0.71+£2.92 —2.44+0.22 —1.64 + 3.55 £ 1484032 3.82+1.04 —2.05+0.17 0.60+0.15
Scheme 1 Scheme 11
TDA IRA TDA IRA
X2 3431 3321  59.17  57.08
x%/d.o.f. 2.29 2.21 3.11 3.00
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Part of predictions: January

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" | 0.3940.12 —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 2"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 =0rT 09+0.2  —0.93£0.07 2.27+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 2= K"| 4104+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
> 7




Part of predictions: October

exp
1.304+£0.04 —-0.76+0.01 0.39+0.02 0.51+0.015.57+0.10 9.244+0.20 2.67+0.19 0.368 £+ 0.021
+ 0, + e
A Aw 1.304+£0.05 —-0.76+£0.01 0.39+0.02 0.51+0.015.57+0.10 9.23+0.20 2.67+0.02 122205 0.762 = 0.006 0.502 £+ 0.017
1.254+0.05 —-047+0.01 0.35+0.10 —0.81 4+0.04 1.94+0.22 19.204+0.46 2.50+0.14
+ 0.+ i
Rech2en 1.254+0.05 —-0474+0.01 0.36+0.10 —0.80+0.05 1.97+0.23 19.14 +0.47 2.48+0.13 1.27£0.06 0.466 +0.013
1.26 +£0.05 —-047+0.01 0.35+0.10 —0.81 +0.04 1.94+0.22 19.20+0.46 2.50+4+0.14
- + .0 —
i 1.26 +£0.05 —-0.47+0.01 0.36+0.10 —0.81 +0.051.97+0.23 19.14 4+ 0.47 2.48+0.13 ik et
033+0.04 —-0.92+0.04 —0.01+0.15 0.40+0.10 294 +0.21 6.98+0.73 —3.13 +£0.21
- + =
AC bl 0324+0.04 -092+0.04 —-0.15+0.16 0.36 +£0.12 2.87+0.20 7.15+0.83 —2.98 +0.17 D020 bt
0.39+0.07 —-0.444+0.07 0883+0.06 0.16+0.28 4.03+0.78 21.52+2.63 2.03 +0.08
+ ' 41 . —0.4 :
AC el 043+0.07 —-0454+0.07 090+£0.03 —0.024+0.3 3.91 +£0.80 24.80+3.35 2.03 +0.08 e e e
0.344+0.03 —=0.044+0.12 —0.98+0.02 0.194+0.09 2.76 +0.18 9.71 +0.47 —1.61 +0.12
+ _, =0t
s 0.344+0.03 —0.06+0.12 -0.98+0.02 0.194+0.09 2.77+0.18 9.754+0.46 —1.63 £ 0.12 0.55 £ 0.07 ot
1.56 £0.06 —-0.74%£0.03 0.56+0.16 —0.37+£0.23 4.17+0.74 1570+ 1.43 2.50+0.14
At K 1.59 4+ 0.07 —-0.743 £ 0.02
c 7 PAs 1.594+0.06 —-0.74+0.03 0.444+0.54 —0.51 +£0.47 3.73 +£1.76 16.60 + 2.62 2.61 +0.49 by i
2974009 —-0.73+£0.03 0.67+0.03 0.13+0.04 8.07+0.21 23.63 +0.57 2.40+0.04
=05 =gt 1.80 + 0.52 —0.64 + 0.
€ 0 296 4+0.09 —-0.724+0.03 0.68+0.03 0.13+0.04 8.08+0.21 23.47+0.58 2.38+0.04 e ot
0.724+0.04 —-0.64+£0.07 0.77+£0.07 —0.06 £0.10 3.62 £ 0.26 12.63 £ 0.58 2.26 £ 0.10
=0 =070 .69 + 0.16* —0.90 + 0.27*
gt 0.714+0.04 —-0.61+0.08 0.79+0.06 —0.04+0.10 3.65+0.25 12.494+0.58 2.224+0.10 el =0
=0 _, =0 0.26 + 0.04 0.23 +£0.15 —0.09 £ 0.15 —0.97 £ 0.04 0.43 £ 0.27 12.58 + 1.07 —0.36 £ 0.56 0.16 + 0.05*
et 0.23 +0.04 0.23 +£0.15 —0.15 £ 0.15 —0.96 + 0.05 0.45 +0.26 11.75 4+ 0.97 —0.57 £ 0.35 ; ;
=0 _, =0,/ 0434+£0.06 —-0.704+0.06 0.71+0.06 —0.07 £0.27 3.91 £0.75 23.72+2.55 2.35+0.08 0.12 + 0.04*
= = 049+0.07 —-0.67+0.06 0.70+0.09 —0.25+0.28 3.73+0.77 27.17+3.32 2.33+0.09 i ;
=+ _y =0+ 1.0+ 0.1 —0.88+0.08 031+0.10 0.36+0.13 2.95+0.23 6.67+0.86 2.80+0.45 1.6 + 0.8
P = 1.0+ 0.1 —0.90+0.07 0.29+0.10 0.32+0.13293+0.22 694+0.85 2.83+0.12 : '
Channel 10°R x o B8 v | A |B| op — s 10%(Rx)exp Qexp Bexp
=0 _y AKO 23.0 £ 0.8 —0.624+0.03 0.53+0.11 —0.58 +0.11 2474+ 0.34 14.07+0.50 2.43 +0.10 995413
oe S 23.1 £ 0.8 —0.61 +£0.03 0.474+0.32 —0.64+0.22 231 4+0.72 14.284+0.71 2.49+0.35 ' :
=0 _y Y00 3.84+0.6 —0.40 +£0.61 —0.924+0.05 0.354+0.58 1.804+0.46 3.84 4+ 1.65 —2.02 +0.62 3.8 407
s S 3.6 +0.7 —0.63 +£0.17 —0.86 +0.26 —0.06 =1.59 1.47+1.33 4.79 4+ 3.35 —2.26 + 0.28 ' :
I 139+ 1.0 —0.04 +£0.12 —0.994+0.01 —0.14 +0.09 2.76 £ 0.18 9.71 +£0.47 —1.61 +0.12 12.3+1.9
B 14.0 £ 0.9 —0.06 £0.12 —0.994+0.02 —0.14 +0.09 2.774+0.18 9.754+0.46 —1.63 +=0.12 ' :
=0 =gt 4394+002 —-0.724+0.03 0.66+0.03 0.21+0.04 1.86+0.05 5444+0.13 2.40+0.04 275 + 0.57
i 4394+002 —-0.714+0.03 0.67+0.03 0.22+0.04 1.86+0.05 5.41+0.13 2.38+0.04 : ;




Part of predictions: October

scheme I1.
Channel 1028 « B ¥ |A] | B| op — dg 10239xp Qexp %xp
exp
1.30+0.05 —=0.76x=0.01 0.39+0.02 0.514+0.01 5.574+0.10 9.23+0.20 2.67+0.02 0.368 £+ 0.021
e 0, + e
de 0 m 1.30+£0.04 —-0.76+0.01 0.394+0.02 0.51+0.01 5.58+0.10 9.26 £0.20 2.67+0.02 b 0.762 X 0.006 0.502 4+ 0.017
1.244+0.05 —-047+0.01 0.32+0.10 —0.82+0.04 1.86 =0.20 19.13 +0.44 2.54+0.14
e 0+ =
Ag TR 1.244+0.05 —-047+0.01 0.33+0.10 —0.824+0.04 1.88+0.20 19.124+0.44 2.53+0.14 1.27+0.00 0.466 +0.018
1.25+0.05 —-047+0.01 0.324+0.10 —0.82+0.04 1.86 £0.20 19.13 +£0.44 2.54+0.14
i +..0 =
Ao 2T 1.254+0.05 —-047+0.01 0.33+0.10 —-0.82+0.04 1.88 +0.20 19.124+0.44 2.53+0.44 s 0.48440.027
0.334+0.04 —-0.904+0.04 —0.144+0.12 0.424+0.10 2.96 +0.19 6.83 =0.69 —2.99 +0.13
+ 5 o+ =
et 20 0.33+0.04 —-0.894+0.04 -0.084+0.12 0.44+0.09 2.97+0.19 6.68 £0.69 —3.06 +0.13 0.92=0.00 0.99+0.06
0.18+0.03 —-0.444+0.07 0.844+0.14 —0.32+0.34 2.12+0.67 18.43+1.92 2.05+0.10
+ o —
de et 0.174+0.04 —-0.444+0.07 0.8 +0.08 —0.16 +=0.38 2.28 +0.67 16.85 +2.41 2.03+0.08 Sk by D000y
0.33+0.03 =0.084+0.11 —0.98+0.02 0.18+0.09 2.724+0.18 9.69 +0.47 —1.65 +0.12
A - EKT . . . :
c 0.33+0.03 -=0.07+0.11 —0.98+0.02 0.18+0.09 2.72+0.18 9.69+0.46 —1.64+0.11 e st 000
1.59+0.06 —-0.744+0.03 0.21 +£0.59 —0.63 £0.20 3.22 +0.91 17.31 +£1.02 2.86+0.74
AF K ) ) —0. X
¢ ?PES | 1564006 —0.74+£003 0.6320.05 —0.240.10 460 %031 14.92+£0.67 2444005 0= 007 07430028
2.97+0.08 —0.744+0.03 0.66+0.03 0.11+0.04 8.02+0.20 23.76 +0.53 2.42+0.04
=0 _, =+ -
el el 2.994+0.08 —0.754+0.03 0.66+0.03 0.12+0.04 8.06+0.20 23.80 +£0.52 2.42+0.04 =0 = God Qo0
0.71+0.04 -0.69+0.07 0.72+0.07 —0.09 £0.10 3.53 +0.24 12.80 £ 0.57 2.34+0.10
=0 =00 * = *
Ze ST | 0724004 —0.69+006 0.71+0.06 —0.09 +0.10 3.57 + 0.24 12.81 £ 0.56 2.34 4009 09 E0167 —0.90+£027
=0 _, =0 0.25+0.03 -0.03+0.14 —0.19 +0.13 —0.98 =0.03 0.33 £ 0.22 12.38 £ 0.76 —1.73 £ 0.72 0.16 - 0.05*
e gl 0.26 £0.03 —-0.01+0.13 —0.17£+0.13 —0.99 +0.02 0.29 +0.24 12.62 + 0.62 —1.63 + 0.74 : ]
=0 _, =0,/ 0.23 +£0.03 —-0.71+0.07 0.46 £0.22 —0.53 =£0.23 2.03 = 0.54 20.86 +£1.91 2.56 + 0.20 0.12 4+ 0.04*
e b 0.224+0.03 —-0.744+0.07 0.53+0.19 —0.42 +0.29 2.18 +0.59 19.25 +2.40 0.25+0.02 i i
=+ _y 20+ 1.0+0.1 —-0.804+0.09 0.38+0.11 0.46 +0.11 3.02+0.22 6.05+0.71 2.70+0.15 16+ 0.8
7 = 1.0+0.1 —0.794+0.08 0.39+0.10 0.46 £0.10 3.01 £0.21 6.03 +0.63 2.68+0.13 ] ’
Channel 10%R x o B ¥ |A| | B| op — 0g lOz(Rx)exp Qexp Bexp
=0 _, AKO 22.8 +0.9 —0.63+0.07 0.324+0.34 —0.71 £0.10 2.06 = 0.37 14.46 £0.33 2.67 +0.48 99 5+ 1.3
e S 23.0 £ 0.8 —0.67+0.02 0.53+0.07 —0.53 =0.07 2.64 +0.19 13.84 +£0.38 2.47 + 0.07 ' :
=0 _y 300 3.6 £0.6 —0.45+1.02 —-0.82 +0.11 —0.46 =£0.81 1.11 +0.85 5.61 £1.56 —2.10+1.06 3.8 4 0.7
e S 3.8+0.6 0.58+0.28 —0.44 +£0.30 0.72+0.10 2.05+0.17 2.53 +£0.55 —0.57 = 0.59 : ;
=0 _, v p- 13.74+0.9 —0.08+0.11 —0.99 +0.02 —0.15+0.09 2.72+0.18 9.69 +£0.47 —1.65+0.12 12.3 4 1.9
- 13.6 +0.9 —0.07 £ 0.11 —0.99 +0.02 —0.15+0.09 2.72 +0.18 9.69 +£0.46 —1.64 + 0.11 ) '
=0, =g+ 4.38+0.01 -—-0.73+0.03 0.65+0.03 0.20+0.04 1.85+0.05 5.47+0.12 2.42+0.04 275 1 0.57

4.38 £0.01

—0.74£0.03 0.65+0.03 0.20+0.04 1.86 £0.05

548 £0.12 242+ 0.04




A brief history of AT — Z'K*

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

2. BF was measured, not that small, Z(At - E°K™) = (0.55 £ 0.07) %

3. Recently both in SU(3) fit or dynamic model calculation, o ~ 1

4. The puzzle with ¢ was resolved by BESIII PRL, 132, 031801 (2024)

azox+ = 0.01 £ 0.16(stat) £ 0.03(Syst)l 6, — 6, = —1.55 +0.25(stat) = 0.05(syst) rad
1.59 4+ 0.25(stat) £ 0.05(syst) rad.

5. The smallness a can be accmmodated recently in both IRA and TDA

IRA: Gengetal. 2310.05491
TDA: Zhong et al. 2401.15926, 2404.01359
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1. A — EK™" : remaining problems from BESIII

(1) two sets for amplitudes

I Al = 161_%2 + 0.4, 1 Al = 43_'__8; +04, y = |A|2 i "32|B|2
A . 2 2| B2’
B|=18.3+28+0.7, B| = 671_23 + 1.6, | Fans LBL

y: relative size of partial waves
(2) ambiguity in sign of phase-shift

g — 2k|A*B|sin(ép — d5)
e [dis Rd|Be

op —d0g = —1.55+0.25+0.05 or 1.59 4+ 0.25 + 0.05 rad.

[ relative sign of phase-shift
. (m; +my)? -

87 I (1A + &*|BI%)

(/

~ 2k|A*B|cos(dp — ds) :
a= = T We only had BF and a in January, so could not solve the problems.

27
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='K* : BESIII problem has been solved by LHCb

Decay o B A (radian)

Af — Ant —0.782 + 0.009 £ 0.004 0.368 + 0.019 £ 0.008 0502:h0016:E0006 0.633 £ 0.036 = 0.013

(1 ) tWO Sets fOr am pI ItUdeS Af - AKT —0.569 + 0.059 +0.028 0.35+0.124+0.04 —0.743+0.067 +0.024 2.70 +£0.17 +0.04

I.{A
B

=l G0 4

ol
— 18.3+2.8+0.7, B

AF = pKY —0.744 + 0.012 =+ 0.009 - -

=43 s 04
— 6.7 52 £18,

LRCD, 2407 .027 59

W Fit 10/2024

(2) ambiguity in sign of phase-shift

(95,07

— (=05, —6p")]

dp —d0g = —1.55 +0.25 =

A — 26 ERIR ol — 9l =

A=0 g+ = —0.04 0. 12,

- 0.05 or 1.59 -

- 0.25 £ 0.05 rad.

Beoge+ = —0.984+0.02

mnssmmsmcsmcsansonss | 0P — 05 = —1.61 £ 0.12 rad
Select the solution

22




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

T(E° = pK-K-nt+ (oK) )/T( E® = E-nt)
F:() F:— —|— T(E0 — AKY)/T(E? —» E—7t)
3 ° HC E e 7[

S s s R(EY s =g )

T'(E0 5 AK (892)° )/T(E? — =—x+)

Observable PDG [42] Belle Average (205 PR )/I(Z0 5 )
102B(Z0 - =-7+) 1.43+032  1.80=0.52" [46] 1.80 +0.52 [46] | K2 5K (=
T(=Z° 5 XK (892)°)/T( B9 = 5—xt)
(=) > ZtK*(892) )/T( E2 —» E—xt)
Our fit
Channel 10°B o | A | B| op — ds i
=0 5> =7t | 2834010 —0.72+0.03 4.51+0.79 31.47+1.31 2.76 + 0.32 _
297 +0.08 —-0.74+0.03 0.66+0.03 0.11+0.04 8.02+0.20 23.76 =0.53 2.421+0.04 D50~ E~e¢*v. )/T(5 —» 5n*)
2994+0.08 —-0.75xt0.03 0.66+0.03 0.1210.04 8.06+=0.20 23.80 £0.52 2.42+0.04

Other support:

7'AZr - . 1
5 B(:Q — 27 77) = 3B(AT — AnT) + B(AT — EOW) —5 B(AT — nn)
F(AF) = (2029 +£1.1) fs, 1.31 = 0.05 1.26 £ 0.05 - 0.063 £ 0.009 fitted results

B(EY —» =—7t) = (2.85 + 0.30)%|

23 =




f - K

Cila,nnel 10°R x

8

4]

‘B‘ dp —0g 102(RX)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 +

24

- 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 ]




SUMMARY

¢ TDA approach to charmed baryon is established.

¢ The proper fits can be carried out.

¢ The unification of TDA & IRA is demonstrated.

@ All the kinematic measurements: BF, alpha, beta, gamma play their
roles as expected.

¢ Time to explore the underlying dynamics in charm system.




