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Introduction
e Abundant measurements at BESIII since 2016,

such as the n» mode. More data coming.

Theoretical study should be renewed also;

besides, giving predictions.

e Non-factorizable effects, significant in B, decays

like A} — Z°K™, whose nature is unclear.

e The search for CP violation: %(8;0__’)};:5__)) = 2.82 £ 0.07,
AAcp = Acp(D° - KTK~) — Agp(D° — 7ntm™)
= (—15.4 £ 2.9) x 10~* (LHCD).




Formalism
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FIG. 1. Topological diagrams for the B, — BM decays.

B(A] — =Z°K™) = (5.90 +0.86 £ 0.39) x 107°
B(A; - =*K") = (5.024+0.99 +0.31) x 107°

AN — Z°KT) o« Vo Vioa(Eg + E')

Factorization doesn't work.



SU(3) flavor symmetry

Under the SU(3); symmetry
(G192)(B3¢) ~ (T )c

¢; = (u,d, s) represent the triplet of 3
To be decomposed as irreducible forms:

(B3x3x3)c=(3+3 +6+15)c

r
O_4) ~ Og(tp) = §(uds F sdu)c,
r
Og(+) ™~ 03(1—5) — §(qu F qqu)c,
1 _

Oy ~ O'ga = 5 (usd F dsi)c,
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B., an anti-triplet of 3:
(ds — sd)c, (us — su)c and (ud — du)c
(BC)Z' — (Egv _52_7 Ag—)
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(L +w) o K
Wi=| o H-w) K
\ K*+ K*O ¢ )

w = (uit+ dd) /2 and ¢ = 5
mix with

w1 = (vt + dd + s3) /+/3

ws = (utt + dd — 2s5) //6



AB, — B, M) = (B, M|H.s¢|B.) = ﬁT(BC — B, M)

T(B.— B,M)=T(0¢) + T(O)

T™(By), (M) + azHi;(6)T™ (M)}, (By)]
(Bn)i(M)]T* + hH;;(6)T™ (By)i (M),
T(O15) = asHyi(15) (Be)’ (M)(B,);, + as5(Bn); (M), H (15)]" (B.)x
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TABLE I. The data of the B, — B,,M decays.

Branching ratios Data, Branching ratios Data
102B(A} — pKY) |13.16 £0.16|| 10*B(Af — AK™) 6.1+ 1.2
102B(Af — Ant) ||1.30 £ 0.07|| 10*B(A} — X°KT) 5.2+ 0.8
102B(Af — ©t7%) [|1.24 £ 0.10|| 10*B(Af — £ TK?) —
102B(A; — X071) [|1.29 £ 0.07 10*B(A; — pn) 12.4 4+ 3.0
102B(A}f — Z°K1)[|0.59 & 0.09 10*B(A} — pr) —
102B(Af — Xtn) |0.70+£0.23|| 10*B(Af — pr®) ||0.8 £ 1.4 (< 0.27)
10°B(A} — X*n/) || observed 10*B(A} — nnt) —
102B(Z2% — ==71) || observed ||R1(EY) = %((EE%:EE__I::)) (0.56 & 0.12)s2

—0y _ B(E2A°KO)
R2(Ec) = Etse=—7rr)

0.420 £ 0.056




Heps x c_H(6) + cy H(15)
(cy,c-) = (0.76,1.78)
(cy/c_)? ~ 0.18, neglecting H (15)

%az g€’ he''h

X2 _ Z ( gh — Béa;)Q s (Rgh _3 Rg:c)2,

7
v Ue:c j Terx

ai, ase’

(a1, a2,a3,h) = (0.244 £ 0.006, 0.115 £ 0.014, 0.088 £ 0.019, 0.105 £ 0.073) GeV",
(Ouzs Oags O) = (78.1 £ 7.1,35.1 £8.7,10.2 £ 29.6)°,
x%/d.o.f =5.32/3 =1.77,



(Ratios of) Branching ratios| SU(3); symmetry Data
102B(A} — pK?©) 3.3+0.2 2.72-3.60| 3.164+0.16
102B(A} — AO%™) 1.3+0.2 1.30+£0.17| 1.3040.07
102B(A} — X07) 1.34£0.2 1.27+£0.17| 1.294+0.07
102B(Af — ©t70) 1.3+£0.2 1.274+0.17| 1.24+0.10
102B(Af — E°K ™) 0.5+0.1 0.50+0.12| 0.59 £ 0.09
102B(A} — XTn) 0.779-3 0.70 4+ 0.23
102B(Af — ©ty)) 1.0%58
(Ratios of) Branching ratios| SU(3)y symmetry Data,
10*B(Af — pn?) 57+1.5 0.8+ 1.4 (< 0.27)
10*B(Af — nn) 11.34+2.9
104B(Af — APK™) 4.6 £0.9 6.1+1.2
10*B(Af — 2°K™) 4.04+0.8 5.2+0.8
10*B(Af — ©tKO) 8.0+ 1.6
104B(AF — pn) 12.573 8 12.44 3.0

10*B(A} — pn')

14.3
12.27182




(Ratios of) Branching ratios

SU(3)s symmetry Data
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Diagrammatic approach
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FIG. 1. Topological diagrams for the B, — BM decays.
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= 0.7) X 10_4
— (0.56 T 0.12)82

1.91+0.17)%
1.80 + 0.50 & 0.14)%, BELLE
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H(6)xT" + ag(Bn)f (M) (M)}, H(6) T
(6);T + ay(Bp); (M)5(M') i H (61T

(4

(6)aT" + ag(By),(M)] (M)} H(6)imT™ ,

L between M M':
S-wave M M'-pair (L = 0), dominant

P-wave one (L = 1), neglected



-A(Bc — an) — <BnV|Heff|BC> @T(B — B V)

V2

T(B. — B,V) = T(Og) + T(Ox) ,
T(O6) = a1 HY (6)Ti(By)F (V) + a2 HY (6) Ty (V) (B,,)}
+ agH" (6)(By)¥ (V)T + RHY (6)Tir.(Bn) ¥ (V)

T(O55) = asHy,(15)(V)] (Bo)F(B.)! + as H(15),(B.) (By)F (V)
+ a’GH(]‘5)jk(B ){(V)f(Bc)l T a7H(1_);k(Bc)J(V)g€(Bn)l

7

+ 1 Hjyp(15)(Bo); (V)i(Be)'

(V)i = V2w + ¢ = V3w



AL CF T-amp AT SCS T-amp AT DCS T-amp
0ot | —V2(a1 — a2 —az —2832) || ZHK*0|—2(a; —as — 245%5)s, pK*0 |2(as — 2410652
2tp0 |V2(a1 — a2 —az —255%7) SOK*H | —v2(ay —ag — 241%)s, nK*t | —2(az + 24£86)s2
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st | Y222 (—a) — ay + a3 — 2h a, aee’2, ase’’s, he''r
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(Ratio of) Branching fraction Data
102B(A; — pK*?) 1.94 +0.27 [1]
10°B(A; — Xtw) 1.69 + 0.21 [1]
103B(Af — X1 ¢) 3.8 £ 0.6 [1]

R(AF) = %&i:‘;ﬁf J 0.3 + 0.2 [32]

103B(A} — LT K*) 3.4 £ 1.0 [1]
10°B(Af — pw) 9.4 4+ 3.9 [33]
10*B(Af — po) 10.6 & 1.4 [1]
104B(Z20 — A%) 6.142.2 [1, 3]

=\ _ BEF—-pK*Y)
Rl (‘—‘c ) - B(E;Fc_,zﬁ[{w)

=+) _ BEI->Tte)
Ra(E) = BEI S K0)

(2.8 £1.0)s2 [1]
(1.7 £ 1.2)s2 [1, 29]




(Ratio of) Branching fraction| This work Data,
102B(Af — pK*0) 1.940.3 1.94 4 0.27 [1]
102B(A} — Stw) 1.6 +0.7 1.69 + 0.21 [1]
103B(A} — X1 9¢) 3.9+ 0.6 3.8 4 0.6 [1]

R(AF) = %((AAE;’:? ) 04403 | 0302 [32]
103B(A} — ©TK*0) 2.3+ 0.6 3.441.0 [1]
10*B(A} — pw) 11.44+5.4 9.4 + 3.9 [33]
10*B(AF — po) 10.4 £2.1 10.6 £ 1.4 [1]
10*B(E2 — A%9) 8.4+ 3.9 6.1 +22[1, 3]
Ri(E) = B‘?é:; ;pj?};‘jg) (1.6 +0.2)s2| (2.8 +1.0)s2 [1]
Ro(EF) = Bfgi;f;ﬁ) (0.4 +0.1)s2|(1.7 £ 1.2)s2 [1, 29]

(a1, s, @3, h) = (0.22 4 0.02,0.23 + 0.04,0.39 + 0.05,0.16 & 0.01) GeV?
(8ay, 0ayr 07) = (—85.5 4+ 13.0,78.4 + 8.8,99.3 + 7.7)°,

x’/n.d.f=63/3=2.1,



Af our results Af our results A our results
10°Byo,+ | 6.1£4.6 || 10'B,0 | 3.5+29 || 10*B,x«0 | 1.6 £0.5
10°Bs+ 0 | 6.11£4.6 || 10°B,,+ | 7.0+5.8 || 10'B,x++ | 1.6 £0.5
103Bzo s+ | 8.7£2.7 ||103Bsogs+ | 1.2£0.3
103Bpo,+ | 7.4+£3.4 ||103Bpogs+ | 2.0 £0.5
Tested by data:

B(AT — XY A%1) = (0.61 +0.46,0.74 £ 0.34)%,

Beo(Af = X9, A%") < (1.7,6)%,

BA, =30 p” = 777n7) = (6.1 £4.6) x 1073,

BA, — X" p7 = 777%) = (6.1 £4.6) x 1073,

BAT — A", pt — 7771%) = (7.4+£3.4) x 1073,

total B,

=V — MM’, minor.

(4.42 + 0.28,2.2 £+ 0.8,7.0 £ 0.4) x 1072




1sospin symmetry
B(AF — X%, %7p%) = (6.1 £4.6) x 1073,

B

(
B(AF — STK*) = 2B(A} — $OK*T) = (2.3 4+ 0.6) x 1073,
(A7 = pe") = HB(AT = np") = (3.5429) x 107,

(

B(A] — nK*" pK*®) = (1.6 £ 0.5) x 1074,

Overestimation?

1 _ 1
TN = pR™) = “T(A — pp’) = T(AL — X0p"),

1 _
LA~ pK ) £ LT(AF — pp) = VBT(AF — A%),
Sc

~ TB6B(AL — A%") + L3B(AT — %p") — LIB(AL — pK™)],



B(Ag— RN EOK*+, EOK*+, AOK*+)

— (8.7 -

-2.7.1.2 -

- 0.3,2.0 -

= 0.5) X 10_3,

compatible with B(AT — B, M).

B(Ef = pp) = (1.5+£0.7) x 1074
B(EF — p¢)/BES — pK )
= (19.8+£0.7+£ 0.9+ 0.2) x 10~° [LHCb]
B(Zf - pK 7)) =(0.8+0.4)%



Summary

e With the SU(3); symmetry,

one can study B, - B, M(M'),B,V.

e B(B. — B,V) are accessible to

the BESIII, BELLEII and LHCb measurements.
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