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Theoretical methods for non-leptonic weak decays

Theoretical
approaches

Advantages Disadvantages

(Almost) first-principle for dynamics, Difficult for power corrections and

CDF, PQCD, SCET L | . o
& & very predictive for B decays non-perturbative contributions

Final-state Suffer very large theoretical
interaction 5 uncertainties

............................................................................................................................................................................................................................................................................................................................

SU(3) irreducible Based on approximate flavor ;
(oot | symmetry, no additional assumptions

............................................................................................................................................................................................................................................................................................................................

Topological Include non-perturbations, , .
: . Mathematical foundation is not clear
diagrams successful for charm phenomenologles;




Topological diagrams = Irreducible representations

- The Equivalence was firstly pointed out by [X.G.He, W.Wang, 2018]
* The invariant tensors are the bridge between the two approaches.

* One topological diagram is found independent.
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D. Wang, C. P. Jiaand F. S. Yu,
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Topological Diagrams

Decaying amplitudes are classified . EA %//

according to the weak flavour flows

(a) T (b) C

All the strong interaction effects are

included. Therefore, non-perturbative
contributions are all considered. >XX< g

Amplitudes extracted from data
(c) A (d) E

Chau,’86; Chau,Cheng,’87, '89; Chiang, Gronau, Rosner, Suprun '04; Cheng, Chiang,’10;
And many many other references

Always in the flavour SU(3) symmetry limit

W-annihilation diagrams are important for CP violation of B decays
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SU(3) irreducible representation approach

- Zeppendfeld, 1981 » First SU(3) relations for B decays  with reduced amplitudes

- Savage and Wise, 1989 - First tensor contraction formulae » SU(3) irreducible representation

b(c) = 419293, q; = u.d,s 3303=3,H3;H6d15

A = AT Bi(H3) (M) (M)5+C5 Bi(M) (M) (H3)*+B3 B;(Hs)' (M) (M)’+D3 B;(M)’(Hz)’ (M)j
+AL B (He), (M), (M);+Cf Bi(M)%(Hg)7. (M) +Bg Bi(Hs);! (M)* (M),
+A], B, (Hzs)) (M), (M)f+C1, By (M)} (Hgs)1* (M) + BY, Bi(Hzs)! (M) (M)].

- Widely applications



Everything is tensor

2 6 ]
Heft = G—\/g > Vi Vags (Z Ci(u)Oz‘(u)) — Vi Vi (Z Ci(1)Oi(p) +C89(u)089(u))
q=1 _

| q= =d,s 1=3

5T+ 5T nt K™ Lm0
(P); — T —%WO | \}6‘778 K | 73 0 m O
K~ FO — 2/3778 0 0 m

X.G.He, W.Wang, 2018; D.Wang, C.P.Jia, FSY, 2021




Topological diagrams

- Under the SU(3) flavor symmetry

* Tensor indices are all contracted

- Completeness of topological diagrams:
P -For D — PP:AfLl — 2(Aé3 — 1) = 14 diagrams
\ | / / .ForD — PV: Af = 24 diagrams
A = T Di Hk Pl Pj + - With the complete set of diagrams, we can then
l b~k i discuss the independence of diagrams

color-favored tree-emitted amplitude, T

) |
H =H; (T a) (@ c) D.Wang, C.P.Jia, FSY, 2021



Topological diagrams

A = TD'H},(P)}(P)}, + CD'HY(P)!(P), + ED'H},(P)5(P),, + AD'H],(P)%(P)},

L+ T DL (P (P)f + T DM, (P)! (P)s + TEC D'HL, (P)!(P)}
1+ TES DY (PYL(P)) + TP D'y (P) ()Y + T9C D'HL(P)! (P)}

C D< > < Before: directly draw all possible diagrams

: : t>; <) « : ; Now: systematically obtain all the diagrams
!b@ .>j><0 O O
pod bo o |

< 14 topological diagrams with tree operators



= W Dé <

6 tree-like

singlet

8 quark-loops

bng§ZWN

J.Wang, C.P.Jia, FSY, 2021



SU(3) decomposition

A = diD'H(3,)i(P).(P)% + B5D'H(3,)i(P)E(P): + D H(3,)1(P)F (P, + d5D'H (3,)(P)! (P)*

J

P)} + cs D'H(6)% (P)} (P)},

1 (P + b15D2/H(15)k'(P)i(P) + c15 D'H(15)%,(P)1(P)}..

1

14 SU(3) irreducible representations

same rule of tensor contraction to the topological diagrams, so the same number of amplitudes
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Equivalence

A = TD'H[;(P)!(P)}, + CD'H}(P)!(P)} + ED'H},(P)5(P); + AD"H],(P)%(P);
+ T DH (P)](P)y + T4 D'y, (P)] (P)g + T D"Hyy (P)] (P)§ + T DMy (P)!(P);
+ THAD' M, (P)} (P, + T D'H (PY)(P)y + TV D'H} (P)](P)} + T D'Hi;(P)] (P);

+ DM}, (P)5(P)), + T D'Hy; (P} (P)}. topological approach

H(30): — %H(sp)z-) + 08 (H(3,); - %H(St) )+ eH®)" + 1))

A= agDzm p)i P>i<P>§+b§DiH<3p>i<P>Z<P>j+c”DiH< p)e(P)E(PY] + d5D'H(3,)k(P)! (P)h
P)i(PY) + cbD'H(3¢)k(P)F (P)’ + d5D'"H(3:)(P)} (P)"

P)1(P)} + cs D'H(6)" (P)](P)!

[

. | | | SU(3) decomposition
+ a5 D" H(15)Z(P J(P)k + bisD'H(15)E(P)1.(P)] + c1s D'H(15)% (P)! (P)}..

topological diagrams = SU(3) irreducible representations
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. . . k .
Equivalence is obvious: /1;; is decomposed or not

T x Di@mz (P)k =T x D'(P)!(P)kx

k, [5§(§H(3t)l ~

Relations of
parameters

Linear combinations

E—A TES _TAS —T+C
ag = T) b6= A 9 Ce — A 9
E+A TES—I—TAS T+C
a15="—¢ b1s = 3 , Cls = —g
3 1. ., 1 3 )
b — STES_%TAS_i_TLS, bgz_%TES+gTAS+TQS,
1 3 1 3 3 1 3 1
¢ ES AS | LC _ ES AS | mQC
= -T+-C—-TES4S7ASy T L="T—-C+-TES__TAS4T
3="g tg¥ gt Tyt tH o &a=giTgtTg gt T
1 1 1 1
db = §T——C——E+§A+T”’, df = iridodSp_lagrer,

8 8 8 8 8 8 8 8
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Tree operators and penguin operators separated

Dt e (6)" + H(15)7,

D.Wang, C.P.Jia, FSY, 2021

2 6 ]
Hog = % > Vi Vg (2_:1 Cz-(u)Oi(u)) — Ve Vb (;Ci(U)Oi(U)+CSQ(H)OSQ(N))

q=d,s

Difference with He&Wang2018

H,’ =

X.G.He, W.Wang, 2018

A=V V,,Au + Vs Vi As X.G.He, Y.J.Shi, W.Wang, 2018

u and c loops c and t loops
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Topological diagrams = Irreducible representations

Advantages:

a) Mathematical foundation of topological approach is clear now

- Mathematical form - Wigner-Eckart theorem Universality of topologies
Topological | e 9 Invariant ty of topolog
diagrams < . . Permutation/Combination
J Physical explanation Tensor ; Completeness of topologies
g A
pa
o — Relation between TDA and IRA J
®
Q o Group theory

13: » = linear correlation of topologies (Independence)
2.
> _ Splitting of topologies
y \) in flavor symmetry breaking

Irreducible |
representations D. Wang, C. P. Jiaand F. S. Yu,
JHEP 09, 126 (2021).
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Topological diagrams = Irreducible representations

Advantages:

a) Mathematical foundation of topological approach is clear now

b) Are all topological diagrams independent with each other?

NO Il X.G.He & W.Wang found one amplitude is not independent [He, Wang, 2018]

channel IRA

_ 07— 4,/20T. ( ~T T T
B_—>’/T_ 2 (AT L 2 AT 17{‘) T |, o T C6 _Cﬁ A6
B~ —m s V2 (AT +3AT, +CT ~CF +3CT,) BT'— BT 4 AT
B~ —nm 7= (2A§ +6A{;+3B§ +9B{;+2C3 +C¢ +3C{;+3D3) 6 6 6
B~ KK~ Al +3A],+CT-C5 —CI
B smtm 2AT — AT+ AT +CT+CF +3CL
B 5 n0n0 2AT —AT+AT. +CT+CT —5C]

15

one irreducible amplitude
IS not independent

One topological diagram
IS not independent !!




One diagram not independent

Now the reason:

k
H;
) x 3K
i,/ :anti-symmetric
x 3*
+ .

[k . symmetric

16



One diagram not independent

H(6); = &; H(6)"

i,/ . anti-sym

[k . symmetric

= Cg [ — D[jm]H(G)km(P){(P)i; + D[jm]H(g)km(P)i(P)g

DB Property of SU(3)
= e[ { Dy HO) ™ (P (P))HDym HE ™ (P(P)])
8§t om &7
T; =€ TV¥ /2 and  epe™ = | 8L o7 o7
/ / oL, oy o
ag = ag — Cg, ¢ = bg + g

D.Wang, C.P.Jia, FSY, 2021
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One diagram not independent

H(6); = &; H(6)" » one of ag, bg, ¢ not independent

CL6:E—A, b6:SE—SA, 06:—T+C,
a5 = F + A, bis = SE + SA, ci5 =1 + C,
at:§E—lA+TLA a,p:—lE—l—%A—i—TQA
S8 8 ’ 38 8 ’

1. If data of 17(#n") included, one of T, C, E, A, SE, SA is not independent
2. If data of 17(n") included, but SE, SA neglected, all of T,C,E,A are independent

3.If data of 17(#") excluded, and SE, SA excluded, one of T,C,E,A is not independent

18



Topological diagrams = Irreducible representations

Advantages:
a) Mathematical foundation of topological approach is clear now
b) One topological diagram is not independent due to SU(3) structure

c) How to systematically consider the flavor symmetry breaking effects?

H= Ho+H;

/ T

My, = Mg = Mg Hsizz = (ms—mg)ss

19



SU(3) flavor symmetry:

ATPA p p, = T(Dy)i(H)} (Pa)i(Ps)} + C(Dy)i(H)L (Pa)i(P)f + E(Dy)i(H)% (Pa)},(Pa)f
+ A(D,)i(H)% (Pa)l(Pg)F + TEP (Dy)i (H)F (Pa)i(Ps)i

Linear SU(3) breaking:

Explicit expression for strange quark

2 (Py): (Pﬁ)f—FTl(Dy)i(H)?(Pa)é(Pﬁ)f—|—T2(D7)7;(H)é]@;(PIB)?

AP ASETE =T(D,)i(H)
+T5(D4)3(H)} (Pa)3(Pa)f +C(Dy)i(H)% (Pa)i(Ps)f +Cr(Dy)i(H)L (Pa)(Ps)5
Co(Dy)i(H)} (Po)5(Pa)} +Cs(Dy)3(H)}, (Pa)3(Ps)f+E(Dy)i(H) (Pa)l(Ps)f
+E1(Dy)i(H)?(Pa)i(Ps)5+E2(Ds)i (H)§ (Pa)i (Ps)f +Es(Dy)i(H) ™ (Pa)}(Ps)i
) 7

(Po)f+A1(Dy)s (H)} (Pa)i(Pp)f +A2(Dy)i(H)3 (Pa)i(Pp)f

Reproduce the results of [Muller, Nierste, Schacht, 2015]

D.Wang, C.P.Jia, FSY, 2021
20



Topological diagrams = Irreducible representations

Advantages:
a) Mathematical foundation of topological approach is clear now
b) One topological diagram is not independent due to SU(3) structure
c) Systematically consider the flavor symmetry breaking effects

d) Why topological diagrams are universal to all processes in the
SU(3) symmetry?

0 — — .
AD" — If ) =T+E No reason not to be universal
AD° - K°2% = (C - E)\/2 under the SU(3) symmetry
ADT - KzH) =T+ C

|
AD* - Bk = C+ A Good, but not good enough !

21



d) Why topological diagrams are universal to all
processes in the SU(3) symmetry?

Topology: A =[tDIHEPPS + . . .

z]mr

SU(3) irreducible
representation:

Wigner-Eckart | . . . .
?heorem' <] m|Tq(k) ‘]/ ml> _ <]/ m/ kq]m

amplitude CG reduced
coefficients matrix elements

+ bys D'THA5) P PS + . ..

i]mr

process independent on
related pProcesses

22



Topological diagrams = Irreducible representations

Advantages:
a) Mathematical foundation of topological approach is clear now
b) One topological diagram is not independent due to SU(3) structure
c) Systematically consider the flavor symmetry breaking effects
d) Wigner-Eckart theorem —> Topological diagrams are universal

e) Why each topological diagram includes all strong-interacting effects?
Even FSI effects?

< g Z D< I < No gluons in the diagrams.
L H g , , Good, but not good enough !

23




e) Why each topological diagram includes all strong-
interacting effects? Even FSI effects?

Topology: A =tDIHEPPS + ...

l]ml"

¢

SU(S) Irreducible A =DtH(E)§PZP;f DtH(IS)zPZP;S + ...

representation:
QCD corrections = flavor SU(3) singlet operators

» The SU(3) structure is not changed by QCD corrections

* Irreducible amplitudes include all the strong interaction !
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Topological diagrams = Irreducible representations

Advantages:

Mathematical form S Invariant _____»ngner-Eckart theorem Universality of topologies
TDA
< Tensor Permutation/Combination

Physical explanation » Completeness of topologies

W A
=
Z
= ~ Relation between TDA and IRA J
®
N\ o Group theory
S 133 » = linear correlation of topologies (Independence)
2.
§‘ _ Splitting of topologies
v in flavor symmetry breaking

D. Wang, C. P. Jiaand F. S. Yu,
JHEP 09, 126 (2021).
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QCD = Topological diagrams

D = Short-di W f ogical d
QCD = Short-distance contributions of topological diagrams Doing a global fit

[T.Huber, Tetlalmatzi-Xolocotzi, 2021}
Topological diagrams = SU(3) irreducible representations

T =20F +4CL, C=4CL —2C;, A=2A +4AL,, E=4Al, —2A;,
Tp = —A; — AL+ CF —Cf —CL, Tpa=AL + AL — AL, Tus=4Bi, — 2B¢,
Tgs = 2B + 4B, Tgs=BI + B — BL, Ts=—-Bf — BL +cf — %L + DY,

Topological diagrams = QCDF

- 3 3 [ 3 3
T = AMle _041 + §aZ,EW — §O‘Z,EW]7 C = AM1M2 _052 T §ag,EW o iag,EW} )
- 3., 3. ' 3 u 3 e
B = Auns B+ S0ew — Sthew|s A= Awn| B+ 3Bhew — 585w
- 3 . 3 . - 3 3
T'as = Amym, |Bs1 + §b54,EW - 5554,EW] , Tes = Amym, | Bs2 + 5553,EW - 5553,EW]

-0.02 0.00 0.02 0.04 -04 -03 -02 -01 00 01 02
A . M2 FB—>M1 0 f Re(Ay,m.Ba) in GeV? Re(Aw,m.B51) in GeV3
MMy — B*0 Mo
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Final-state interaction = Topological diagrams

FSI| = Long-distance contributions of topological diagrams [D.Wang, 2021]

4 .
B
D;
A%
. Pk
P} il
\ . < < - - ~/ . . .
F J ‘ L(E) l A(D’iv PzJ by, Vika Pi] Pik)
Propagator Propagator
‘ ‘ ‘ ‘ Set HE™ = H!
k pJ k :
D HY" Py Pl | PRV Pyl - (P VP - 8ipOimjn) - |dig
e / N\ }
T diagram ‘ Strong vertex ‘ Strong vertex Set D, = D;
Propagator
» Topological diagram = Quark diagram = Triangle diagram

27



Summary

: ) Wigner-Eckart theorem : . ,
Mathematical form SENEHEN ———— Universality of topologies
< . T
. . Permutation/Combination
Physical explanation Tensr » Completeness of topologies

%)
=
Z
a — Relation between TDA and IRA
®
Q o Group theory
133 » =1 linear correlation of topologies
2
-+
g' _ Splitting of topologies
v in flavor symmetry breaking

Thank you!

28






Heavy Flavor Physics

-1980-2000, To test the SM (KM mechanism) — -
-2000-now, To precisely test the SM and search for NP " soun || stange

CP violation: ‘
. ] Vekm = | —812603 1(23121'223 36 C12Co3 '31;;23 S1p 23€13
'SM: KM meChan|Sm, the Only one phaSG N the SM 512523 C12C239 1 ~C12%23 7 312623 023013

-BSM: Matter-antimatter in the Universe requires more CPV, needs new CPV source

4

2003

. €N
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Direct CPV in hadronic weak decays

» Distinguishable for the KM mechanism from the superweak interaction [Wolfenstein, 1964]

S K~ K-
7] S
|14 i
u b , LU u
> . >- >-
+ BO J g J 7Z'+

b %%
B° d g

<

N
&H
|
S
(-

2|a1az]| sin(d2 — 1) sin(p2 — ¢1)
‘CL1|2 -+ ‘CL2|2 -+ 2|a1a2\ COS(52 — 51) COS(qbQ — qbl)

ACP —

|
|
S
ek

CPV conditions: 1. At least two amplitudes
2. with different weak phases

3. with different strong phases - Need QCD dynamics !

31
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Most significant processes in exp charm

1. First observation of charm CPV  LHCb, 2019

AAqp=Arp(D? = KTK) = App(D° = 7t77) = (= 1.54 +£0.29) x 1073

(YIRS 2019F 1+ KR

2. First observation of double-charm baryon LHCb, 2017

Chans + = ot ot
2T > AN K ntn

2017 FEEHEMFTARHERE

Topological diagrammatic approach plays an important role in the predictions
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Topological Amplitudes

Decaying amplitudes are classified . EA W

according to the weak flavour flows

(a) T (b) C

All the strong interaction effects are

included. Therefore, non-perturbative
contributions are all considered. >XX< %

Amplitudes extracted from data
(c) A (d) E

Chau,’86; Chau,Cheng,’87; Bhattacharya, Rosner, '08; Cheng, Chiang,’10

Always in the flavour SU(3) symmetry limit
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Topological Amplitudes

T = 3.14 = 0.06, C = (2.61 = 0.08)ei152=D°
— +0.07\ ,i(122*2)° +0.13 31+20
E = (1.531007)!12222)° = (0.3913 3¢l
Meson Mode Representation Bexp (%) Bei (%)
DY K @+ ViV,.(T + E) 3.91 £ 0.08 3.91 = 0.17
K°#Y yl-vcsvud(c E) 2.38 = 0.09 2.36 + 0.08
K%q vV ud[\{- (C + E)cos¢ — Esing] 0.96 * 0.06 0.98 = 0.05
K’n’ VesVual 5 (C + E)sing + Ecos¢] 1.90 = 0.11 1.91 = 0.09
D+ Ko7+ ViV, (T + C) 3.07 £0.10 3.08 = 0.36
DY ROK+ V*V, (C + A) 2.98 + 0.17 2.97 + 0.32
atad 0 <0.037 0
o ViV, (\2Acos¢ — Tsing) 1.84 + 0.15 1.82 + 0.32
R ViV, (v2Asing + T cosd) 3.95 =+ 0.34 3.82 + 0.36
Meson Mode Representation By, (X 1073) Biheory (X 1073)
DO Tt V* V(T + E) 1.45 + 0.05 2.24 + 0.10
0,0 * / /
77077 Jchd ud(C *E) | 0.81 £ 0.05 1.35 = 0.05
TN — V., ViiE cosp — ?-VCSVMC sin¢ 0.68 = 0.07 0.75 = 0.02
m0n/ —V>, V. E sing + V;“SVMSC’ cos¢ 0.91 £0.13 0.74 = 0.02
nmn ql- V¥ V,u(C' + E')cos*¢p + VcsVus(ZE’smzcb VI-C’ sin2¢) 1.67 =0.18 1.44 = 0.08
nn' S V2 Vua(C' + E')sin2¢ + ViV, (E'sin2¢ — \/-C’ cos2¢) 1.05 + 0.26 1.19 + 0.07
K"K~ ViV, (T + E) 4.07 + 0.10 1.92 + 0.08
K°K? Vi VuE; + ViV, E} 0.64 = 0.08 0

34

T %

(a) T (b) C
W
L i
(c) A (d) E

Cheng, Chiang,’10

Under flavor SU(3) symmetry

SU(3) breaking effects
should be considered



Factorization-Assisted Topological-
Amplitude Approach (FAT)

EA Am// Dynamics In factorization:

» Short-distance:
Wilson coefficients

>w< % > Long-distance:
hadronic matrix elements

(d) E

'
Li Lu. FSY, "12: Non-perturbative quantities
Qin, Li, Lu, FSY, "14 !

Extracted from data
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W-annihilation (A) . —
W-exchange (E) >W< <

(c) A

Gp fp.Jp,
(PyPoAH D)y = Vbl ) fom (2572)
Li, Lu, FSY, "12
A __
A: bC]S(ILL) o
E: by, (u)
nonperturbative

SU(3) breaking effects contributions

36



Modes Br(exp)
D’ — 7wt 1.45 = 0.05
D’ — K"K~ 4.07 £ 0.10
D’ — K°K" [0.320 = 0.038
D’ — 707" 0.81 £ 0.05
D’ — 77 0.68 = 0.07
D’ — 7'y 0.91 = 0.13
D’ — nn 1.67 = 0.18
D’ — nn' 1.05 £ 0.26
DY — 77" 1.18 = 0.07
D" — K"K" 6.12 = 0.22
D" — 7' n 3.54 = 0.21
D" — 7"y 4.68 = 0.29
D — 7’K" 0.62 £ 0.23
D — 7" K" 2.52 = 0.27
D — K" nq 1.76 = 0.36

Di — K*n/ | 1805 192 )| ~1.60 j

Br(this work

1.43
4.19
0.36
0.57
0.94
0.65
1.48
1.54
0.89
5.95
3.39
4.58
0.67
2.21

1.00

@ BESIII & CLEO

SM
ACP

1.38
0.05

—0.29
1.53
0.18

—0.94

0

—0.93

—0.26
1.18
0.39
0.84
0.70

10
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1. Understand QCD dynamics

@ 1GeV

by Branching Ratios

2. then predict
charm CPV

Li, Lu, FSY, 12



AAgp=Ap(D° > KTK™) — Aep(D° - nt77)

AAqp (X1079)

j CC LLY
O L

i - 1
-5
—10

— Theory
e+ EXxperiment

2011 2012

33

Th: the only prediction of O(10-3)

CC: H.Y.Cheng, C.W.Chiang, PRD2012
LLY: H.n.Li, C.D.Lu, FSY, PRD2012

EXP: LHCb 2011; CDF 2012; Belle 2012



AAgp=Ap(D® > K*K™) — Aep(D° — 7tn)

AAqp (X1079)

- F— Theory
: cCLLY <4 Experiment
O -
: = I I I I X 3
—5 F
—10 -

2011 2012 2013 2014 2016 2019

Saur, FSY, Sci.Bull.2020

39

Th: the only predictions of O(10-3)

CC: topological approach
H.Y.Cheng, C.W.Chiang, 2012
LLY: factorization-assisted topology (FAT)
H.n.Li, C.D.Lu, FSY, 2012
Exp: LHCb, PRL122, 211803 (2019)

Topological diagrammatic
approach successfully
predicted the charm CPV !!!




Double-charm baryons

Double-charm baryons are predicted in SU(4) quark model

De Rujula, Georgi and Glashow, 1975; Jafte, J. E. Kiskis, 1976; Ponce, 1979

A heavy ‘double-star’ system with an attached light ‘planet’,
much different from light baryons. Open a new window for QCD
properties

Two problems in the exp searches: Production and Decay
Production problem was solved at the beginning of LHC running

Decay properties are the key problem in the LHCb searches of
doubly charmed baryons.

FSY, Sci.China.PMA, 2020

Statistics requires: largest branching ratios and easily detected

40



Branching Fractions: topological diagrams

» Topological diagrammatic approach is
suitable for hadronic charm decays

* Include non-perturbative contributions
* It works well in D decays

* It needs experimental data to extract the
topological amplitudes

* No experimental data available in double-
charm baryons

A

| ‘ |

] 1 4
4

(T) (C) (C)
color-favored tree emitted color-suppressed emitted  color-commensurate
C d,s
5 E W
W W
d,s c !
(E1) (E2) (B)
W-exchange 1 W-exchange 2 Bow tie

Chau,’86; Chau,Cheng,’87; Bhattacharya, Rosner, ’08;
Cheng, Chiang,’10; Li, Lu, FSY, ‘12
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Branching Fractions: topological diagrams

» Hierarchy of topological diagrams in heavy quark expansion

SCET: IC/TI~C/TI~E/MTI~O(Agcp/mg) Leibovich, Ligeti, Stewart, Wise, 2004
charm decay: |C/TI~IC’/TI~IE/TI~O(Aqcp/mc)~1

- BESIII measurements on A" decays are important BESIII, 2016

Représentation Bexp
Asd(C + E) (3.04 +0.17)%

Aed(T —C"+ B — E)//2 (1.24 £ 0.08)%
AodE (1.18 £ 0.27)%

Br(Af = pd)/IVusl?=2% —» Br(Eff - ZFTK*) = 0(%)

}

m++ + o+ =t
e 2ATTK ™

So far dynamics is almost ready
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Non-leptonic decays of ="
Modes Br(first)(x107°) Br(final)(x10~°) Representation
p(Dt /D7) ) 8. 0.2 Ccm Ved Vud
p(DY /D°K™) 0.4 0.01 Cem Ved Vus
(pK~n" /ST (DT /D7) 80. 2. Ccm Ves Vud
(pK~nt /ST (DS /D°K™) 3. 0.1 Cem Ves Vus
(AfFnH)(ntn™) 3. 0.2 -(Ct Ved Vud)
(Afnt)(KTn™) 0.2 0.008 Ct Ved Vus
(A7) (K~ 7n™T) @ 50. 3. Ct Ves Vud
(Afn )Y KTK™) A 2. 0.08 Ct Ves Vus
Afnt < 30. 1. Ccb Ved Vud + T Ved Vud
AFK™T 1. 0.06 Ccb Ved Vus + T Ved Vus
(AfnTK~/25)nt @  400. 20. Ccb Ves Vud + T Ves Vud
(Afnt K~ JENK™ 20. 0.9 Ccb Ves Vus + T Ves Vus
- discovery channels: Br=0(103-4) | B/ - ATK z"zn™
34

Talk at LHCb China group in 2016.12 and LHCb charm group in 2017.03
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What’s more?

» Topological diagrammatic approach is powerful:
successfully predict the charm CPV and E T discovery channels. So far so good.

» Currently it is a phenomenological approach, but what is its mathematical foundation?
» Further studies: Deep understanding on the topological approach

» What is the complete set of topological diagrams?
» Are they all independent with each other?

» Can the SU(3) breaking effects be systematically studied?

Topological diagrams = SU(3) irreducible representations
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