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Introduction

Experimental Progress in 2024

- BESIII

a(Af — Z°K1) =0.01 £0.16 £ 0.03,

B(AS — pr®) =
BAf = nat) =

B(AS — pn) =

« Belle

B(E; = %) 5

B(Z0 - 2%/) 5

(B(=0 - =0n%)}=

N

Phys. Rev. Lett. 132, 031801(2024)

(1.567072 +0.20) x 107,
(6.64+1.3) x 1074,

(1.63+£0.31 £0.11) x 1072,

Phys. Rev. D 109, LO91101(2024)

(1.6 & 0.2(stat) £ 0.2(syst)  0.4(norm)) x 1072,
(1.2 £ 0.3(stat) & 0.1(syst) £ 0.3(norm)) x 1073,
—0.90 + 0.15(stat) £ 0.23(syst).
arXiv:.2406.04642 [hep-ex]

a A+ — AK1) = —0.569 £ 0.059 £ 0. 028
AT = pK2) £ —0.744 £ 0.012 £ 0.009,

B(AT — AKT)[=0.35 £ 0.12 £ 0.04,
A} — Ant) £ 0.502 4 0.016 + 0.006,

(6.9 + 0.3(stat) £ 0.5(syst) £ 1.5(norm)) x 1073,

(
a(A;
BA: — ArT) ¥ 0.368 £ 0.019 + 0.008,
(
7(Ac
R

A+ — AK™))=—0.743 £ 0.067 & 0.024,
A(AF — An™) = 0.633 £0.036 4 0.013,
A(A] = AKT) =2.70 £ 0.17 +0.04,

arXiv.2409.02759 [hep-ex]




Introduction

Theoretical progress

« Dynamical model calculations
« Quark model
« Pole model
« Rescattering
« QCD sum rules
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« The irreducible SU(3) approach (IRA)
» The topological diagram approach (TDA)
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Formalism

Topological diagrams

e Tree

B.(3) — B(8)P(8 +1)

o) =
e]
®
S
=

q q:-] [‘?f q J c e
qi - g qi - q q =
'3 C £
rq - ° - q q . - g ¢ e =
q: qn
qi & 1
m QM q»
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Formalism

From Topological diagrams to decay amplitudes
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Formalism

From Topological diagrams to decay amplitudes
B.(3) — B(8)P(8+1)

The SU(3) flavor representations:

(Be)Y = €9%(B.)y

Al
i s ma (Bs)iji = €iji(Bg )k
(BC)J» e (‘:‘cv = vAc )
Sk 1 0 +
\/EA S \/52 > . P 1
(Bs)} = & ey (Hg)3! = —(Hp)}? = (Hg)i> = —(Hg)3' = SO\ = Aa),
i =0 s ; : 1
= : 38 (His)f! = (His) = ~(His)} = ~(His)3! = 5\ = M),
1
Wﬂj_ﬂq Ti-)-i- K+ (H;;p)l = (H;;t)l = —ZA;).
M: = T _ﬂ-\/gnq KO o
k- B 4 The coefficient tensor
’ ij 1 ij ij (3 ¢ 1 i G 3 g '
Hy! = 3 {(Hla);f i (Ha);f} + 0, (g(H:a-p) — g (Hat) ) + 0y, (g(H:%z)'? — g (Hap)’




Formalism

From Topological diagrams to decay amplitudes

before Atoa = T(B.) HF™ M}, [br (Bs) 5 + 05 tBsym—+bs (Be)ua|
ij prml p rk flavor symmetr
+ C(Bo)TH MY, [ba (Bs) 1 + b5 0Bs)m+be-Balyu | y y

+ C'(B.) HE M™ [67 (Bs)i; + bs (Bs)gji+bs (-88)5_;'!:]

+ E\(B.)Y Hf M™ {blo (B8)jkm + 011 (B8) s + b12 (‘BS)kmj}

+ EQ(BC)i.?HfIﬁﬁn {513 (Bg)jf.m + b14 (88)_j'rnf + b1s (Bg)f.m_j]

+ B3(B)" H M [bi6 (Bs) gy + 017 (B8 iy +b18-(B8) ]
{l?

11 independent TDA amplitudes




Formalism

From Topological diagrams to decay amplitudes

_ ij rrkm [
now Atpa = T(B) JH: (Bs)ijie (M), .
C(Bo)” Hi (Bg),; (M), + C'(Be)” Hy (Bg)y; (M)
+ Bya(Bo) Y H (Bs) jem, (M) + E15(B ) HE (M) { Bs) i + (B8)iom;
Eya=—E1a,  Eys=—Es. + Eaa(Be) Y HF' (Bs) iy (M) + Eas(Be)” HF (M)} {(BS)Jms ¥ (BB)ITHJ]

+ E3(Be)Y HY (Bg) g (M) + En(Be)Y H (Bs) gy (M)

+ Pu(Be)” H* (Bs), i (M)} + P(Be)” Hiy® (Bg), ;y (M)

+ Pra(B.)Y Hpp* (B8) kit (M)E' g PZS(BC)E‘?Hmk(M) [(B8) ki; + (Bs) itk
+ Py, (Be)  Hy™ (Bg), i (M)} + P(Be)? HY™ (Bg), ;0 (M)

+ P A(Be) Hy (Bs) iy (M) + Phg(Be)” Hy™ (M)} [(Bs) gy + (Bs)ans]

Redefinition: 7 =T-Eis, C=C+E5, C' =C —2Fs.

5 tilde TDA amplitudes

Ey = E1o+ Ers — E3, Ej=Ep+2E15.



Formalism

Decay amplitudes (tree)

CF Channel TDA
Af - Azt 2% (4T +C' + E))
AE@- — Y0+ ;{3(_&-!_‘1)
Af - Xta0 5(C' +E)
Af - Xy F(-C'+E)
AF =Tt \__IT?(—E" +E, - 3E,)
AF = 20k E,
At — pK® 57 5
B0 - AK? :_I,E(ZC“—C’—,“CI)
20 30K0 \,-175(26 +C +E)
Y » BtK -E,
E? - EUJTU V.%(_H’}
B — B \}Tg(c;+2é1)
g —E" 3:(C' - E, +3E,)
20 - =2-at 2T
BT o z+f|’ o s
| B = E‘f] =3P L &

SCS Channel TDA

(AL = AKFY d=(=4T + €' -2E))
AF — 0K+ J—q(—é’)
AF - K -C
Af = pa® ‘%(ZC+C'+E)
Af > png | J(-6C-C +E)
AL - pyy »}_?(_6’ + E, -3E,)
A} = nat 2T +C +E,

\Em) 537 (2C + 20 - Ey)
B - Ang %(—26 -E)
B - Ay 5(-C+E -3E,)
25020 LQ2C+E)
B~y g (-6C-20-E)
20 = 20, J—,E(C —E; +3Ey)
2 2t | E
2 sy gt 2T

=0 =0g0

DCS

Channel TDA

AF = pK° 2+ C

A} = nK* 2.5 7

g0 — AK° ﬁ(2(’:+2é*+25,)
70 — ¥0K0 L@(zé)

2 -3kt 2T

20 - pn~ -E,

20 - na® %(El ). )

20 - nng %(jzc’m— Ey) .

E¢ — nypy %(C;tEi‘t3 h)u
B > AKT (2T +2C +2E))
Ef - 20Kt %(.ZT)

B - ETKY _a2¢

Ef - PEO %(_El)

Ej— — PHg %(tZC'y— Ei) )

Ef — pn L(C' - E, +3E,)
Ef = ant -E,
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Formalism
Equivalence between TDA and IRA

(1) Writing down the TDA and IRA amplitudes and then comparing them to sort out

their relations _ | | | _ |
Araa = a1 (Be); (Hp,)ik (Bs)i M} + az (B); (He)tjlc (Bs)y, M} + a3 (Bc); (Hs)ik (Bs)] M;,

+ a4 (B.); (Hg)] (58) M. + as (B); (Hg)]" (Bs); Mj, + a5 (Ba)r tHrsyy—Be ) M{_

By, L M} +W+aq ); (Hys5)]" (Bs)} M
+W+bl Hy)? (Bs)iM{ + by(B.); (Hs)’ (Bs)Mj

+ b3(Bc)i (Hz)" (Bs); M{ + ba c)i( ) (Bs); M}

I 1
| Tzi(—a2+a4+a9), (= (ag—alJraq)

C" = —as9 — as, Ei=a3+as, Eh = —aj + as. [(Bc)” _ eijk (Bc)k\
(2) Make a direct transformation from the TDA to IRA -
Ay = (T +C)(Bo)i (His)iL (Bo) My — Bn(Bo); (Hg)Y (B (Bs)ij = €ijt(Bg )i
+ (T = C = C' = 2E15)(Be)i (H)l, (Bs);Mi™ — C'(Bo)i (Hg)ya, (Bs); M[™ U
+ (Eva — Eus — Es)(Bo)i (Hy)" (Bs)h, M™ + 2E1s(Bo)i (He)™ (Bs)PMj  \_ k Y,

- a1 = —Ey, az = —ij a3 = Fh1a — E1g — B,
a4:T—C—C’—2E15, G_-5:2E15, ag:T+C 11



Numerical Results

Fitting scheme
The tidle TDA parameters:  [T[ge®s,  [ClgeS, |('seS | |By|ses’, |By|ge®s”,
4 T » S . el = ol % o 5,
\T\pe""é}:, \C\pe"’ag, \C’\pe"ag , \El\pe“df’l, \Eh\pe"aph,
. o S L 2 s 3 LA TE 5 L. fd o __Fe
The tidle IRA parameters:  [fo[se® | |/lse’® . |Flse®s |, [fge® | |lsei®h |
FolpeF | PpeE |l |fpeith, | pet
19 parameters were left after an overall phase shift, then we conducted an minimum

fit under:
Scheme I: Without the recent Belle dataon =0 - = n,n 3 +1 )

Scheme II: All the currently available data included (38 observables|in total)

The 2 iS deﬁned as ZZ — [Otheor(ci) - Oexpt]qz\l/l [Otheor(ci) = Oexpt]

diagonal!




Numerical Results

The best fit points
Scheme I Scheme 11
TDA IRA TDA IRA 4 sets!
X 34.31  33.21 59.17  57.08
x2/d.o.f. 2.29 2.21 2.1 3.00
« Schemell « Schemelll
| Xils | Xilp oy & | Xils | Xi|p e e
(102G GeV?) (in radian) (1072Gr GeV?) (in radian)
T | 425 £0.11 1243 £0.30 — 240+0.04 T | 4.224+0.10 12.50+0.28 - 2.42 + 0.04
C|3.08+0.5211.57+1.00 3.02+0.12 —0.77+0.20 C | 2.40+0.66 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 2.32+0.11
]3:'1 290+0.1910.224+:0.50 —2.80£0.05 1.86+0.10 E’l 2.86 £0.19 10.204+:0.50 —2.80 £ 0.05 1.83x=0.09
Eh 4.06x0.53 13.821+1.93 2.661+0.12 —1.9041 0.20 Eh 307 047 11.80+-1.42 2.8710.09 —1.T510.19
7% 410+:0.52 16.18 -=2.34 — 172012 7% 316043 10.7441.78 = 1.68 =0.15
f'b 7.00+£1.36 24.524+1.72 —-2.78 =0.11 —0.30+=0.19 fb 7.9210.30 23.27 £ 0.69 —2.98 - 0.09 —0.56 £ 0.10
f'c 2.911+0.1910.26 :0.49 —2.36 £ 0.11 2.2910.14 JEC 2.860.19 10.194+049 —2.51£0.09 2.134+0.12
f'd 1.59+1.19 7.50+3.87 —2.891+0.40 0.2510.40 fd 23431020 4301065 3.02+0.21 —0.751+0.39
fellis7+£1.39 071 +£292} 2444022 —1.64+355 fel148+0.32 3.82+1.04-2.05+0.17 0.60+0.15

13



Numerical Results

Predictions and comparison (Scheme I)

CF channels

[ ]
Scheme Il
0.18 + 0.03 |
+ +
A =2  017 L 0.04
0 _, =0 0.25 4+ 0.03
Se 7= 0.26 + 0.03
0.23 4+ 0.03
=0 =0,/
Se = 0.22 4+ 0.03

. B,
Channel 10°8 a 8 ¥ |4] | B| dp — dg 1[}213“', Oexp R
'Yexp
A+ s A0y L30£0.04 —0.76x0.00f 0.39£0.02 0.51=£0.0115.57 = 0.10 9.24 4 0.20 2.67 £ 0.19 120 4 0,05 0.762 4 0.006 0.368 £ 0.021
e S 1.30 £0.05 —0.76+0.01 0 0.39+0.02 051+0.01)5.57+0.10 9.23+0.20 2.67+ 0.02 b o ) i 0.502 + 0.017
1.25+0.05 —047+0.01 035+£0.10 —0.81 £+ 0.04 1.94+0.22 19.20+ 046 2.50+0.14 )
AT — X0t 1.27+0.06 —0.466 +0.018
g = 1.25+0.05 —047+0.01 0.36+0.10 —0.80 + 0.05 1.97 £+ 0.23 19.14 + 047 2.48+0.13 * =
126 £0.05 —047x0.01 0.35£0.10 —0.81 £ 0.04 1.94 £ 0.22 19.20 £ 0.46  2.50 & (.14
A 5 Ztq0 1.24+0.09 —0.484 +0.027
e " 126 £0.05 —047+0.01 0.36 £0.10 —0.81 £ 0.05 1.97 £ 0.23 19.14 £+ 047 2.48 +0.13 ¢
0334004 —0.9240.04 —0.01+0.15 0.40+0.10 2.94+ 021 6.98+0.73 —3.13 £ 0.21
AF 5t ).32 + 0.05 —0.99 £+ 0.06
S 0.324+0.04 —0.924+0.04 —0.15+0.16 0.36+0.12 2.87+0.20 7.15+ 0.83 —2.98+ 0.17 . % WAL
039 +£0.07 |—0.4440.07 0.88x0.06 0.16+0.28 4.03+0.78 21.52+ 263 2.03+ 0.08 )
A Ty ).41 + 0.0 —0.46 £0.07
g e 043 +0.07 | —0.454+0.07 0.90£0.03 —0.02+0.3 3.91+ 0.80 24.80+ 3.35 2.03+ 0.08 . 0.8 AzEt
0.34 £0.03 —0.044+0.12 —0.98+0.02 0.19+0.09 2.76 + 0.18 9.71 + 047 —1.61 £+ 0.12
A 5 20K+ ).556 + 0.07 0.01 +£0.16
¢ W 0.344+0.03 —=0.06+0.12 —0.98+0.02 0.19+0.09 2.77+ 0.18 9.75+ 0.46 —1.63 £ 0.12 L ¢ e
- 1.56 £0.06 —0.74+0.03 0.56+0.16 —0.37T+0.23 4.17+0.74 15.70+ 143 250+ 0.14 e G0 0.743 +0.028
') A Q e ), | — L iae k
§ e 1.59 +0.06 —0.74+0.03 0.44+0.54 —0.51 £+ 0.47 3.73 + 1.76 16.60 + 2.62 2.61 + (.49
_ 297 +0.09 —0.73+0.03 0.67x0.03 0.13+0.04 8.07+0.21 23.63 £ 057 2.40+ 0.04 _
20 =7t 1.80 %+ 0.52 —0.64 +0.05
e 296 +0.09 —0.724+0.03 0.68+0.03 0.13+0.04 8.084+0.21 23.47+0.58 2.38+0.04 B Rt
0.724+0.04 —0.6440.07 0.77x0.07 —0.06 £ 0.10 3.62 + 0.26 12.63 £ 0.58 2.26+ 0.10
=) =0_0 v e 4
= =07 0.60 = 0.16 —0.904+0.27
c P =T 0.71 £0.04 —0.61%+0.08 0.79+0.06 —0.04+0.10 3.65£0.25 12,49+ 0.58 2.2240.10
=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 T
e T 0.23 +£0.04 0.23+ 0.15 —0.15 + 0.15 —0.96 + 0.05 0.45 4+ 0.26 11.75+ 0.97 —0.57 £ 0.35| -
_ 0.43 +£0.06 | —0.70+0.06 0.71+0.06 —0.07 £ 0.27 3.91 + 0.75 23.72 + 255 2.35+ 0.08
Z0 5 =% 0.12 %+ 0.04*
& 0.49 £ 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| '
— 1.0 £0.1 —0.88+0.08 0.31+0.10 0.36+0.132.95+0.23 6.67+0.86 2.80+0.45 e
- 1.0+0.1 —0.90+0.07 029+0.10 0.324+0.132.93+0.22 6.944+0.85 2.83+0.12 ' :




Numerical Results

Predictions and comparison (Scheme I)
SCS channels

Channel 1028 a I5) ¥ |4] |B| bp — dg l[}QBexp Doxp Pexp
"
A¥ - AOKH U.[}fti-._)bi(}.[}(}f}[} —0.58 =0.04 [0.40 £0.07 —[;.._11(}.[}4 ;.._lziu.[m 4.4_1 +0.11 253+0.10 B GRS BB [}.Li-.)‘i[}.ld
: 0.0636 £ 0.0030 —0.58 £ 0.04 10.40 +£0.07 =0.71 £ 0.04J0.57 £ 0.04 4.42+0.11 254+0.10 743 + 0.071
0.0380 £ 0.0023 —0.64 +=0.08 0.77 £0.06 0.0I £0.10 0.83+0.06 2.91 £0.13 2.26 +0.10
- 0+ ; a1 () 5 .
AR 0.0379 +0.0022 —0.61 £ 0.08 0.79+0.06 0.03+0.10 0.84 +0.06 2.88+0.13 2.22+0.10 0.0370 £ 0.0041 - —0520.20
0.0381 £ 0.0023 —0.64 +0.08 —=0.77 £ 0.06 0.01+£0.10 0.83+£0.06 2.91 +0.13 2.26 +0.10
At 5 Bt Kg : o 0.047 £0.014
c 7 “10.0379 £ 0.0022 —0.61 £ 0.08 0.79+0.06 0.03+0.10 0.84 £0.06 2.88+0.13 2.22+0.10 o )0
0.071 £ 0.007 —0.524+0.11 —0.71 £0.04 0.474+0.10 1.30 £0.06 1.87 +0.24 —2.21 £ 0.11
AF = nrt il A sina e , i ) ETER0E 1) 066 + 0013
L 0.073 £ 0.007 —0.56 +=0.10 —0.70 £ 0.04 0.44-+0.10 1.30 = 0.06 1.95 %+ 0.23 —2.24 £ (.10
AF s 0.0186 + 0.0034 —0.33 = 0.58 —0.94 + 0.23 =0.03 £ 0.57 0.54 +£0.14 1.34 +0.44 —1.91 +0.62 0.0156+0.0075
SRS 0.0196 & 0.0060 —0.51 + 0.16 —0.76 + 0.62 —0.40 4+ 1.29 043 +0.41 1.59 + 0.95 —2.16 +0.34| ~ ~ —0.0061
Ay 0.163 +0.010 —0.66 =0.06 0.44 +0.22 —0.61+0.18 1.08 +0.26 5.63+0.32 2.55+0.23 0,158+ 0011
c 7P 0.156 +0.009 —0.66 +0.08 024+ 0.88 —0.714+0.34 0.91 +£0.54 570 +0.60 2.79+1.16| ~° :
0.052 +0.008 —0.44+0.11 0.65+0.19 —=0.61 +0.20 0.73 +0.17 4.82+0.55 2.17+0.20
AF —pf e . oot ol ; 55 21T£0.200 016 4 0,000

—0.46 +0.42

0.050 £+ 0.008

0.61 £0.26 —0.65+0.24 0.68 £0.22

4.76 + 0.59

222 4+0.59

- Ratios of branching fractions

Channel 10°Rx a B 8% |A| | B| op — 05 1F (Rx)ses

=0 _y AKO 23.0+08 —0.624+0.03 0.53+0.11 —0.58 +0.11 2.47+0.34 14.07+0.50 2.43+0.10 9954 1.3
“ s 231408 —0.614+0.03 0.47+0.32 —0.64+0.22 2.31 +£0.72 14.284+0.71 2.49+4+0.35

20 _, yOx0 3.8+06 —0.40 +0.61 —0.92+0.05 0.35+0.58 1.80+0.46 3.84 +1.65 —2.02 4+ 0.62 .84 0.7
¢ g 3.6+£07 —0.63+0.17 —0.86 £ 0.26 —0.06 +1.59 1.474+ 133 479+ 3.35 —2.26 £ 0.28

=0, v - 13.94+1.0 —0.04+0.12 -0.99 + 0.01 —0.14 +£0.09 2.76 £ 0.18 9.71 £ 0.47 —1.61 £ 0.12 123412
% 14.0+0.9 —0.06 +0.12 =0.99 £ 0.02 —0.14 +£0.09 2.77+ 0.18 9.754+0.46 —1.63 £ 0.12 ) )

g —— 439+0.02 —=-0.72+0.03 0.66+0.03 0.214+0.041.86+0.05 5.44+0.13 2.40=+0.04 975 4 0.57
& 439+0.02 -—-0.71+£0.03 0.67+0.03 0.224+0.04 1.86+=0.05 5.414+0.13 2.38+0.04 i '
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Numerical Results

Discussion

M. Ablikim et al. [BESIII], Phys. Rev. Lett. 132, 031801 (2024).

For the decay A* - =°K™*, BESIII found two sets of solutions for the magnitudes of S- and P-

wave amplitudes in units of 1072 GeV:

. ).7
1A= LG 4 0y = JHal= 4.3455? +04,
|B| =18.3+2.8+0.7, 18] =®in: 118,
and two solutions for the phase shift,
op —ds =}1.55+0.25 £ 0.05 or 1.59 +0.25 + 0.05 rad.

Our fits in Scheme | TDA give predictions:

|A| = 2.76+0.18, |B| = 9.71+0.47, §p — 6g = —1.61 +0.12 rad

_ 2k|A*B|cos(dp — d5s)

A2 +%|B?

_ 2r|A*B|sin(dp — ds)
~ T AR + #2[BP
A - 2|BP?

7T A + 2Bl

B

9

and measured by LHCb provided help!

16




Numerical Results

Discussion Y. B Li et al. [Belle], Phys. Rev. Lett. 122, no.8, 082001 (2019).
S. Navas et al. [Particle Data Group], Phys. Rev. D 110, 030001 (2024,).

The predicted (Z° - =~m*) = (2.97 = 0.09)% is noticeably higher than the measured value
of (1.80 = 0.52)% by Belle and two times larger than the PDG value of (1.47 = 0.27)%.
Howerver, from sum rule derived in both TDA and IRA:

T 1
AL B(=0 5 =-nt) = 3B(AT — Ant) + B(A} — T07+) — — -
T=0 A ¢ sin” O

B(Af — nn).

and the measured data, we find (% - = n*) = (2.85 == 0.30)% in good agreement with

the aforementioned prediction.

1
sin? O

T AR5 Eat) =3A(AF = Ant) + A(AF - X0t —

b [si(mﬁmff _]A!2+EBQ)

k=pe/(Ef +my) = /(Ef —mys)/(Ef +my)

A (A = nrt)
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Numerical Results

Discussion
M. Ablikim et al. [BESIII], JHEP09(2024)007.
0

First measurement of the °— © asymmetries from BESIII

+ 0 + 9
+ 70 _ BAF-KYX)-BAF—-K?X)
R(A{ 7KS,LX) - BAT—-KIX)+B(AT—KYX)

R(AY,pKg;) = —0.025 & 0.031

and the absolute branching fractions:
B(AF — pK?) = (1.67 £ 0.06 & 0.04)%

B L SUTA LSt o

(159 + 007)% (156 = 006)%  (1.63 = 0.05)%
(/\+ . ) (167 = 007)% (150 =006)% (157 * 0.04)%
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Summary

In tree level, the number of the minimum set of tensor invariants in the IRA and the

topological amplitudes in the TDA is the same, namely, five in the tree-induced amplitudes.

The recent measurements of the decay parameters and by LHCb enable to fix the sign
ambiguity of and pick up the solution for S- and P-wave amplitudes.

There is an issue of how to accommodate both A* - =* *and Z° - =° ’ simultaneously,
which needs to be clarified in the future.

The predicted branching fraction of (2.97 = 0.09)% for =° - =~nt* is higher than its current

value, which should be tested soon.
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Formalism

From Topological diagrams to decay amplitudes
Bc(ﬁ) — B(S)P(S + 1) For the SCS processes:

Het o  Aa [c1(td)(de) + c2(dd)(@c)| + As [(c1(us)(5¢) + ca(5s)(ac)]

- %(As - )\d){c_,. [(@s)(5¢) + (55)(@c) — (ad)(de) — (dd)(ac)]

The effective Hamiltonian: _ _
+ c_ [(@s)(5¢) — (3s)(dc) — (ud)(dc) + (dd)(tc)| 5 }

6

GF Z o Vg ( Cqum2 +c OQIQQ) — Ap Z c;Oi| + h.c — %{c... [(ﬁs)(§c) + (3s) (ic) + (ud)(dec) + (dd)(ac) — 2(au) (-ﬁc)} N
q1,92 1=3
Of'* = (ug2)(qrc), O = (q1g2)(uc) + (et +2¢-)(Oa0)se + (e4 — 2¢-) (Ozp)ap |
O3_g are QCD-penguin operators O3t = (@u)(Tc) + (ad)(de) + (@s)(5c) = Z (4q)(gc),

q=u,d,s

Osp = (au)(ac) + (dd)(ac) + (5s)(ac) = S (qq)(ac),

qg=u,d,s

The weak Hamiltonian can be decomposed as:
333 =3,93,96015
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