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Topological Diagrammatic Approach (TDA)

All two-body hadronic decays of charmed mesons can be expressed in
terms of six distinct topological diagrams  [Chau (’80,’83); Chau, HYC (’86)]
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The great merit & strong point of this approach = magnitude and strong phase of
each topological tree amplitude are determined

= Direct CPV at tree level can be reliably estimated, e.g. D} - K*n

DCPV induced by penguin e.g. D® - ¥, K* K~ can be estimated via P! = E
D. Wang ('22)



Is the TDA applicable to charmed baryon sector?

Kohara (’91): use wave functions y*(8),,,& P*(8)s,, for octet baryons

Chau, Cheng, Tseng ('96): use wave functions ¥*(8),,,& ¥*(8),,, for octet baryons
He, Shi, Wang (’19): general TDA amplitudes

Zhao, Wang, Hsiao, Yu (’20); Hsiao, Yi, Cai, Zhao (’20)

Hsiao, Wang, Zhao (’22): followed Kohara closely, but didn’t treat S- & P-waves

separately

Unlike IRA (irreducible SU(3) approach), global fits to the measured rates and
decay asymmetries in TDA were still absent

Although IRA is very popular in describing charmed baryon decays, TDA is
more intuitive, graphic and easier to implement model calculations.



Wave function of octet baryon

1. B™E(8)) = alx™(1/2) a1x) 19" (8) a1a) + bIX™(1/2)5:5) 9" (8) 512)

W (8)a1) = D 1[aaab)gc){[9agblgelt*(8) 1), antisymmetric at first two quarks
qa,qb,9c

9%(8)s,,) = Z {9aas}qc) ({aq } 2" (8)s,,) Symmetric at first two quarks
qa,qb,qc

Y*(8)4,,& P*(8)s,,are orthogonal
|Bm’k(8)> - o5|Xm(1/2)z'5112>|wk‘(8)zﬁ112> + /8|X (1/2)A23)|¢ ( )Aza)

Y*(8),4,,& P*(8)4,,are not orthogonal
Kohara (’97)

Nevertheless, physics is independent of the convention one chooses

In this work we follow CCT ('96) to use the ¥*(8),, ,& P¥*(8)s, ,basis



Weak decays of antitriplet charmed baryons: B.(3) -» B(8)M(8 + 1)
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Korner-Pati-Woo (KPW) theorem: quark pair in a baryon produced by weak
interactions is required to be antisymmetric in flavor
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KPW theorem = E;4 = —Eq4, Ezs = —Eqg
There still exist 2 redundant degrees of freedom through redefinitions

T:T—Els, C = C + Eig, C' = C' —2Eg CCT ('96)
Ey = E1a+ Ers— E3, Ej = Ey+2Es.

= 5independent topological diagrams and TDA amplitudes

Recall that there are also 5 independent tensor invariants in IRA °



1
AAY - Anr) = 3 (—ra—c—d3z+ds+e) Kohara ('91)

1

1 ’
zm(ZAA+BA_C1A+CZA)_2\/ECZS' CCT(96)
= = (=T +C' + E14 + 3E15 — E3) This work ('24)
- % (-4T +C' + Ey) This work ('24)

Although these TDA amplitudes are equivalent, it is important to use the
minimum set of TDA to fit to the data



Global Fit

Five TDA parameters: T, C, €', E,, E, = 19 unknown parameters

S
T|se¥s, |C|se®s, |C'lses , |Ei|se®s”, |Ep|se®s”,

. . o . o - A - B - . E
’T|P626£, |C|P626g, |C’|P6z6g ’ ]Ellpe“sPl, |Eh|Pez5Ph

Observable PDG [42] BESIII Belle Average
10°B(A; — A7) 1.20+0.05 1.29 +0.05
102B(Af — 307F)  1.27+0.06 1.27 +0.06
102B(A} —» =+7%)  1.2540.09 1.25+0.09
102B(Af — Z+n)  0.44£0.20 0.314£0.044 [49]  0.32£0.04 [42, 49]
102B(Af — Tty)  1.5+06 0.416 £ 0.086 [49]  0.44 = 0.15 [42, 49]
102B(Af — E°K+) 0.55+0.07 0.55+£0.07
101B(Af — A°K+)  6.0£0.5 6.21+0.61* [50] 6.57£040 [51]  6.35+0.31 [42, 51]
10'B(A] — Z0K*)  4.9£0.6 4.7£0.95* [52] 3.58£0.28 [51]  3.82+0.51 [42, 51]
10'B(Af —» BTKs) 47+14 48+ 1.5 [52] 47+1.4
10'BAf -ty 66+1.3 6.6+13
101B(AF — pr°) <08 1.567072 £0.20 [47] 156108 [47]
102B(A} = pKs)  1.59£0.07 1.59 £0.07
103B(AF — pn) 1.41+0.11 1.63+0.33 [47], 1.57+0.12 [53] 1.49+0.08 [42, 47, 53]
10'B(AY — p') 4.9+0.9 4.9+0.9
10°B(20 - E-7+)  1.43+0.32 1.80 4 0.52* [46] 1.80 £0.52 [46]
10?8522 KD 9751057 275 +0.57

102 22.5+1.3 22.9 + 1.4* [48] 229+ 1.4 [48]
10% 38407 3.8+0.7

I 123+ 12 12.3+£1.2
102B8(2f — 2%*)  1.6+£0.8 1608

a(Af = A7) —0.84+0.09 —0.755 £ 0.006 [51] —0.76 £0.01 [42, 51]
a(Af - =0rt)  —0.73+0.18 —0.463 £ 0.018 [51] —0.47 £0.03 [42, 51]
a(A} — pKs) 0.18£0.45 0.18£0.45
a(Af = 2t7%)  —0.55+0.11 —0.48+0.03 [49]  —0.49 £ 0.03 [42, 49]
(=2 - =7wt) ~0.64+0.05 —0.64 £ 0.05
a(A = ty) —0.99+0.06 [49]  —0.99 = 0.06 [49]
a(Ar = =ty) —046+£0.07 [49]  —0.46 £ 0.07 [49]
a(A} — AVKT) —0.585 £ 0.052 [51]  —0.585 £ 0.052 [51]
a(A} = Z0KT) —0.55+0.20 [51]  —0.55 = 0.20 [51]

a(Af - =°KH)

0.01 +0.16 [33]

0.01 +0.16 [33]

< fit to 30 data inputs of BFs and a's

I x (|A|2 + .%2|B|2)

_ 2k|A*B|cos(dp — ds)
g R

| Xil|s | Xi|p 5_)9(‘

Xi
(SP

(102G GeV?) (in radian)

2.37 £+ 0.41 16.56 £ 0.69 =

1.04 +1.08 13.82 +0.58 —1.97 £ 0.79 —

2.59+0.95 2497 +1.67 0.29+0.19

410+0.20 2.56 +2.21 1.18+0.38 —

1.54 +£1.22 19.16 + 3.00 —1.35 = 0.60

2.76 +£0.32
0.37+0.44
2.86 +=0.36
0.96 +0.43
0.37 +0.41




10°B

Channel o |Al | B op — dg 10%Bexp Oerp

A} — AO7t 1.31£0.05 —0.764+0.01 2.76+0.25 16.96+0.39 —292+0.29 | 1.29+0.05 —0.76 £ 0.01
A} — S0+ 1.26+0.05  —04840.02 4.07+0.86 1548+229 208+0.04 | 1.27+0.06 —0.47 +0.03
A} — g0 1274005  —04840.02 4.07+0.86 1548+229 208+1.15| 1.25+0.09 —0.49 +0.03
A} 5ty 0.334£0.04 —093+0.05 2304035 948+1.16 -2.80+0.16 | 0.32+0.04 —0.99 + 0.06
A} - Etyf 0.394+0.11  —045+0.07 3.81+1.44 23.04+384 -425+008  0.44+0.15 —0.46 £ 0.07
AY 5 =°Kt | 0414003 —016+0.13 3.89+0.19 243+£210 -215+0.65 | 0.55+0.07 0.01 £ 0.16
AF — APK* | 0.0639+£0.0030 —0.5640.05 1.09+0.18 3.324+0.59  2.1740.06 | 0.0635+ 0.0031 —0.585 + 0.052
A} — 20K+ | 0.0376 £0.0032 —0.54+0.08 0.40+0.15 3.86+0.26  2.56+0.44 | 0.0382+0.0051 —0.55 %+ 0.20
A} 5 ¥tKg | 0.03774£0.0032 —0.54+0.08 0.40+0.15 3.86+0.26 2.56+0.44 | 0.047+0.014

A} = ot 0.063+0.009 —0.78+0.13 1.01+0.14 243+0.38 3.81+0.30 | 0.066+0.013

AF — pr® 0.0176 +£0.0034 —0.11+£0.75 0.64+0.13 0.94+0.66 459+ 1.70 | 0.0156 0 0%

A} = pKg 1.57 £ 0.07 0014031 1414151 18.68+0.79 154+0.82  1.59+0.07 0.18 4 0.45
A} = pn 0.151£0.008  0.07£0.37 1.01+0.53 546+0.67 148+0.45 | 0.149+0.008

A} = prf 0.052+£0.009 —0.5440.19 0.774+0.30 4724073  2.29+0.13 | 0.049 + 0.009

20 5 Eat 2.834+0.10  —0.72+0.03 4514079 31.47+131 276+0.32 | 1.80+0.52 —0.64 + 0.05
EF — 20t 09402 —0.93+0.07 2274030 821+1.16 —3.5+0.23 1.6+0.8

Channel 10°R x «a | Al | B dp — 05 102 (Rx)exp Clexp

=0 »E-K+t [ 410+£005 —0.76+0.03 1044018 7.25+£030 276+0.32 | 2.75+0.57

29— AKY 240410  —023+0.19 206+0.87 13.59+1.13 1.89+032| 229+14

=0 — YOKD 3.9+0.7 0.01+0.65 1.92+043 347+200 4.72+1.67 3.840.7

20 5 otK- 13.0+1.1 ~021+0.17 3894019 243+210 4.13+0.65 12.3+1.2




Af - 20K

Theory in 1990s = small BF & zero a due to smallness of S wave

BF was measured, not that small, B(Af - 2°K*) = (0.55+0.07)%
In recent studies based on SU(3) = «a is predicted to be of order unity

The puzzle with @« was resolved by BESIIl = azog+ = 0.01 £+ 0.16.
Phase shifts must be taken into account PRL, 132, 031801 (2024)

§p — g = —1.55 £ 0.25 4+ 0.05 or 1.59 4 0.25 & 0.05 rad.

Hence, azog+ < cos(ép — 8s) ~ 0.02
Smallness of a0+ can be accommodated recently in both IRA and TDA

IRA: Geng etal. 2310.05491
TDA: Zhong et al. 2401.15926, 2404.01359
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1. A-(I:- - E0K* T x (|A|2+H:2|B|2)

_ 2k|A*B|cos(dp — ds)

BF & longitudinal decay asymmetry SR RIEE
|A] =1.6113 04, |A] = 43727 + 0.4
N L - II. ;
BESIII {|B| =18.3+2.8+0.7, |B| =6.7Ig8 £1.6

B Our fit

B(A¢ - E°K*) = (0.55 £ 0.07)%

Qo+ =0.01+0.16
p — 85 = —1.55+0.25 £ 0.05 or 1.59 & 0.25 + 0.05 rad.

|A| = 3.89 £0.19, |B| = 2.43 £ 2.12 Solution Il preferred
Agop+ = —0.16 + 0.13
B(A} - E°K*) = (0.41 £ 0.03)%

§p — s = —2.15 + 0.65 rad

11
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BF = (1.80 + 0.52)% by Belle, (1.43 + 0.32)% by PDG

Our fit

‘Channel 10°B e |A| | B| dp — ds
20 5= xt 2.83+0.10 " —0.721+0.03 4.51 +£0.79 31.47+1.31 2.76 +0.32

(2.72+0.09)% by Geng et al. (2310.05491)

support from the sum rule

T 1
AL B(E? - E77%) = 3B(A} = AnM) + B(A} = 207F) —

B(AY = nrt
T=0 sin? O¢ (A )

= B(E?->Em")=(2.8510.30)%

Improved measurement of 2 - E~rw*is urgently needed
12



Conclusion

TDA approach for charmed baryon decays is established

Magnitudes of S- and P-wave amplitudes and their phase shifts are presented,
very crucial for the future study of CP violation

The smallness of ain A} - Z°K™* is accommodated
Equivalence between TDA and IRA is established

Improved measurement of 2 - E-mtis urgently needed

13



Back-up slides
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Irreducible SU(3) Approach (IRA)
31‘: Z Vegs Vuga (1 OB® + c_O% %) + hc. = HE + HIE
q1,92
Ara = a1 (Bo); (He)™* (Bs)] M} + az (B.); (Hs)™ (Bs)} Mj + a3 (By); (Ho)™* (Bs)] M}
+ a4 (Be); (He)i" (Bs); Mk +as (Be); (He)" (Bs); Mj.
+ a6 (Be); (Hs)* (Bs)l, M} + a7 (Be); (Hys)' (Bs)j, M + as (Be); (Hys)?* (Bs)] M}
+ ag (Be), (Hrs){* (Bs); Mf, + axo (Be); (Hys){* (Bs); Mj. He, Shi, Wang ('20)

Heff

One of the five terms with Hg is redundant
a) =a1—as, ay=as+as, a3=az+as, a;=a4+ as
Four of the five terms with Hiz are prohibited by the KPW theorem
a6=a7=a8=a10=0
= five independent SU(3) tensor invariants a3, a;, as, a;, aq,
= equivalence of TDA and IRA is established

15
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ATDA = T(BC)?'JH{Cm (BS)z]k Mrln + C(B )ZJHml (BB)le

+C'(B.)" Hy! (Bs) i Mi™ + Era(Be )7 H}! (BS)gkm M
+ E1A(Bo) HY (B) s MI™ + Baa(Be)? Hi (Bs) jy, My
+ By 4(Be)” HE (Bs) g MI* + E3(Be) Hf' (Bs) e, M

+ En(B:)YH} (Bs) i M

Hsiao, Wang, Zhao (’22)
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