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Branching fractions and CP-violating asymmetries of charmless BY — PPP decays with P = K, r are
studied using a simple model based on the factorization approach. The penguin-dominated modes B? —
K°K* 7~ and KK~z have the largest rates among the three-body B, decays, and they are dominated by
the K;(1430) resonances and nonresonant contributions. The branching fraction of BY — K°K+tK~ is
predicted to be of order 1.4 x 107, which is in the middle of the measured result (0.2-3.4) x 107 obtained
by LHCb. We find sizable CP violation in K°z*z~, K%292°, K°K+K~, and K (K K¢ channels. Just as the
B, sector, the CP asymmetries of B - K27z~ and B? — K°K*K~ have similar magnitudes but are
opposite in sign. Several model-independent relations based on U-spin symmetry for CP asymmetries are
derived. Although they cannot be tested by the present available data, they can be checked by the dynamical
calculations. Since the U-spin symmetry that relates various matrix elements of scalar densities, for
example, (K°K|dq|0) and (K°z|3¢|0), is badly broken, the derived U-spin relations are generally not well

respected.
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I. INTRODUCTION

Recently LHCb has made the first observation of
charmless three-body decays of the BY meson with a K
meson in the final state [1]. Specifically, LHCb has
obtained the following branching fractions:

-)
B(B? — K°K*z¥) = (73.6 £5.7 £ 6.9 £ 3.0) x 107°,
B(BY - K'z*z7) = (143 +£2.8 4+ 1.8 £0.6) x 107°,

B(BY — K°K*K~) € [0.2;3.4] x 107°. (1.1)

The first observation of the decay modes B, — K¢rtn~
and B, - K¢K*nT is an important step at the LHCb
toward extracting information on the mixing-induced CP-
violating phase in the BY system and the weak phase y from
these decays.

In the charged B meson sector, LHCb recently found
evidence of direct CP violation in charmless three-body
decays: BT - ztxtz~, BT - KTKTK~, and B" —
KTK~7n" [2,3]. Moreover, LHCb has also observed large
asymmetries in some localized regions of phase space. For
example, the regional CP asymmetry in B* — 7tz 7~ is
of order 58% for m2-__, < 0.4 GeV? and m? >

7~ n low 7 high
15 GeV2. Hence, significant signatures of CP violation
were found in the low mass regions devoid of most of the
known resonances. LHCb also discovered interesting
correlations of the CP violation between the decays,
namely,
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ACP(B_ i JT_KJrK_) ~ _ACP(B_ i ﬂ_ﬂ+7[_),

ACP(B_ - Kz ﬂ'_) ~ _ACP(B_ - K_K+K_). (12)
It will be interesting to see if the same pattern of CP
violation occurs in BY meson decays.

Contrary to B, and B, mesons, for three-body B, decays,
the b — sqg penguin transitions contribute to the final
states with an even number of kaons, namely, KKz, while
the b — uqq tree and b — dqq penguin transitions con-
tribute to final states with an odd number of kaons, e.g.,
Kz and KKK. If the final-state pseudoscalar meson is
restricted to be a kaon or a pion, then the allowed penguin-
dominated three-body decays are B? — KKz,
K°K*n~, KT K~ 7°, and K°K°7z°. Therefore, it is expected
that the first two modes have the largest rates among three-
body B, decays. Tree-dominated decays are BY —
Kt~ 7% Kzt 7=, K°2°2°, and BY - K*K~K°, K'K°K©,

This work is organized as follows. We outline the
framework in Sec. II for the evaluation of the resonant
and nonresonant contributions to three-body decays. Before
proceeding to the numerical results, we discuss in Sec. 111
some model-independent flavor symmetry relations in which
some of the B, — PPP decays can be related to the B; —
PPP ones by U-spin symmetry. The calculated branching
fractions and CP violation are presented in Sec. IV.
Conclusions are given in Sec. V. Factorizable amplitudes
of various B — PPP decays are shown in the Appendix.

II. FRAMEWORK

The evaluation of three-body decays of B, ;, mesons has
been studied in detail in [4]. We shall follow the same
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framework based on the factorization approach to discuss
the charmless three-body decays of the B, meson. Here we
shall recapitulate the main points.

Three-body decays of heavy mesons receive both res-
onant and nonresonant contributions. Consider the charm-
less three-body B; decay BY — P,P,P;. Under the
factorization hypothesis, its decay amplitude consists of
three distinct factorizable terms: (i) the current-induced
process with a meson emission, (BY — P, P,) x (0 — P3),
(ii) the transition process, (BY = P3) x (0 = P,P,), and
(iii) the annihilation process, (B? — 0) x (0 — P,P,P5),
where (A — B) denotes a A — B transition matrix element.
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(BY - P,P,) x (0 - P53), which can be evaluated using
heavy meson chiral perturbation theory (HMChPT) [5].
Take the decay BY — K°K~z" as an example for illus-
tration. Its factorizable amplitude is given in Eq. (A1). We
first focus on nonresonant contributions. The b — u
transition amplitude evaluated using HMChPT reads [5]

A = (" (p2) KO (p3) (b)) y_a| BN
x (K~ (p1)|(5u)y_4]0)
Sk

== 2mir + (mp — sy —mi)w,

A. Nonresonant contributions + (10 = 813 —m3 + m3)w_], 2.1
Dominant nonresonant contributions to tree-dominated
three-body decays arise from the b — u tree transition  with the form factors
|
o — g fgmg /g g [1 _ (P, — P3) 'P3} fB,
T2 sp-mp mi 217
_ ifB*mB*\/mBsmB* 14 (pr - P3)-P3
T2 sp-mi ms. ’
fs, [fs,  pa - (P2—D3) 29fp [mp (P, — P3) " P3
r=smo"" 2 0 T . _ 2
2f7 [z (PB.‘ - D2 — P3) —mp Iz mp+  S1p — Mp-
46°f 5, mp M- pa-p2—p3- (pe, — p3)p2 - (pp, — p3)/mp
— 5 5 , 2.2)

I3 (ps, = p2—p3)* —mp,

where s;; = (p; + p;)*. Likewise,

(K*(p1)a™(p2)l(db)y_4|BY) R (K (ps)|(3d)y_4|0)
fk

= ~LE [ + (m}, = 510 = md),

(2.3)

+ (s23 — 813 — m3 + m7)w’]

for the decay BY — KK *z~, where the form factors /',
and /' are obtained from w, and r, respectively, with the
replacement p; < ps.

However, the predicted nonresonant rates due to the B —
PP, transition alone already exceed the measured total
branching fractions for the tree-dominated modes, e.g.,
BY > anta, B > 2 K"K~, and BY —» K'z"z~. For
example, the nonresonant branching fraction of the last
decay channel estimated using HMChPT is found to be of
order 32 x 1075, which is even larger than the total
branching fraction of order 14 x 107% [see Eq. (1.1)].
The issue has to do with the applicability of HMChPT.
When it is applied to three-body decays, two of the final-
state pseudoscalars have to be soft. If the soft meson result
is assumed to be the same in the whole Dalitz plot, the
decay rate will be greatly overestimated. To overcome this
issue, we have proposed in [6] to parametrize the

S12 — mB*

momentum dependence of nonresonant amplitudes induced
by the b — u transition in an exponential form

HMChPT

—anr P (P1+D12) pith12
current—inde e ’

Acurrent-ind =A (2.4)

so that the HMChPT results are recovered in the soft
pseudoscalar meson limit. The parameter ang =
0.08170005 GeV~2 [4] is fixed by the measured nonreso-
nant rate in the tree-dominated decay B~ — ntn 7,
where the nonresonant background due to the penguin
diagram is suppressed by the smallness of penguin Wilson
coefficients.

The other two types of nonresonant contributions to
BY — K°K=zn™" are

(@ (P K™ (p2)|(3d)y_al0)NR (KO (p3)|(db)y_a|BY)

_ (mp —mz)(mg —mz)
:F{(”(SIZ)F?K(SIZ) §33 = Sp3———
S12
2 — ) (2 — m2
+ FE*(s12) Fg " (s12) (s, ’;)( k= mi) 2.5)
12

and
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(" (p1)K~(p2)[5d|0)") (K (ps)|db|BY)

M, = MK bk + - < 710\NR
= Fo " (s12)(7" (p1)K™ (p2)[5d[0)™F. (2.6)
my —my

As stressed in [4,6], the matrix element of scalar densities
(M M,|g,q,|0) must have a large nonresonant component
in order to explain the large nonresonant signals observed
in penguin-dominated three-body B decays. In other words,
nonresonant contributions to penguin-dominated three-
body B decays are also penguin dominated. From the
study of B, ; - KKK decays, it was found that [4]

(K=(p1)K™*(p2)|55]0) = 5 (3Fnr + 2F\Rr) + onge ™™,

W<

2.7)

where the parameters v, Fng, Fg» and ong are defined in
[4] and a = (0.14 £0.02) GeV~2. However, if SU(3)
symmetry is applied to the matrix element of
scalar densities so that (K~ (p;)z"(p,)|5d|0)R =
(K=(p1)K*(p,)|55|0)NR, we found in [4] that the predicted
Acp(B- = 27KtK™) and Acp(B~ — K ztn~) have
|
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wrong signs when confronted with experiment. The corre-
lations of the CP violation between the charged B decays
shown in Eq. (1.2) have led to the conjecture that 77z~ <>
K™K~ rescattering may play an important role in the
generation of the strong phase difference needed for such
a violation to occur. It is thus plausible that a strong phase
in (K~ 7z"|5d|0) induced from final-state interactions might
flip the sign of CP asymmetry. A fit to the data of BY —
K=ztn yields [4]

(K= (p)r* (p2)[sd|O)™®

2 _ 0
z§(3FNR +2F\R) + O'NRe_aS”em<1 +4u>’

with a strong phase of order 180°.

B. Resonant contributions

Resonant effects are commonly described in terms of the
usual Breit-Wigner formalism. Contributions of vector
meson and scalar resonances to the three-body and two-
body matrix elements are given by [4]

K:—>K-z"
- < 5 g * K*0| (< RO
(2" (p1)K™(p2)|(5b)y_sB")* =) . > ¢ (p1 = p2)(K°|(3b)y_a|B°)
v=a 7 S — m%(;« + lmK?FK; pol ! V=4
gK(*)—>K’7fr

(K°|(5b)y_4|B%).

— — - T
S12 mK6+lme K:)

K*—K-n*

(e (9 )K= (p)|(5d)y g O)F = 3" ——2

— 13 = My + img:Tg:
i i i

K=K x*
fr: 90

25* “(p1— p2)<K?O|(§d)V—A|O>

pol

— m2 ime-I
S12 mK6+lme K:)

- * — -+
ngfK;;QKU_'K "

(P1+ P2)ys

(m*(p1)K~(py)|5d|0)F = —

with K} = K*(892), K*(1410), K*(1680), ..., and K=
K{(1430). In the above equations we have two different
types of decay constants for the scale meson Kj defined by

(KG|3d|0) = J_CK;;ng and (Kj(p)[s7,d|0) = fk; Py They
are related via

Py = =" fp. (2.10)

Their values are given in [7].

III. U-SPIN SYMMETRY

Before proceeding to the numerical results in the
next section, here we would like to discuss some

—m? ime-D e
S12 ng'HmKO K;

(2.9)

I
model-independent flavor symmetry relations in which
some of the B, — PPP decays can be related to B; —
PPP ones via U-spin symmetry. Hence these relations can
be used to cross-check the dynamical calculations. As an
example, the decay amplitudes of BY — K%z "z~ and BY —
K°K* K~ can be related to each other in the limit of U-spin
symmetry:

ABY - K'zt7n) = V;qud<K07r+ﬂ'|OZ|B?>
+ V5, Vea(K'nt 27| 04| BY),
A(BY —» K°KTK~) = Vv, V,(K°KTK~|0"|BY)

+ Vi, V. (K°K*K™|0¢|BY), (3.1)
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where the four-quark operator O, is for the b — s5q;g,
transition and O, for the b — dq;g, transition. The
assumption of U-spin symmetry implies that under
d <> s transitions

(K"K K~|02|BY) = (K" x~|04[BY).

(R°K*K~|0¢|BY) = (K'n+7~|0¢| BY), (3.2)

which can be checked from Eq. (A4) for BY — K%z 7z~ and
Eq. (A4) of [6] for B} — K°K"K~. Using the relation for
the Cabibbo-Kobayashi-Maskawa matrix [8]

Im(V;,ViaVepVig) = —=Im(Vi, Vi Ve Vi), (3.3)
it is straightforward to show that
|A(BY - K'K*K™)|> = |A(BY — K°K=K™)|?
=ABY - K°zt77)|? = |A(B? - K2~z ")>.  (3.4)
Hence, U-spin symmetry leads to the relation
Acp(BY = Kozt n™) _ _I(By = K°’K"K") 35)

Ap(BY > KK'K) (B = K'n'n)

Therefore, we have the following U-spin symmetry
relations [9]:

TABLE L

PHYSICAL REVIEW D 89, 074025 (2014)
Acp(BY = K°K™n") = —Acp(By — K°K*n7)

9

El

(
(
Acp(BY = K°K*n™) = —Acp(By — K°K~ ")
(
(

Acp(B? = K'ntn™) = —Acp(BY) — K°KTK™)

B(BY — K°KTK~) (BY)
B(B? - K°z*z~) 7(BY)

Acp(BY = K°KTK™) = —Acp(By — K" n7)
y B(f_??] - K%z 7)) 7(BY)
B(BY - K°K*K~)z(BY)’
Acp(BY —» K°K°K?) = —Acp(BY — K°K°K?
B(BY — K°K°K?)
B(BY - K°K°K?)

El

)
7(BY)
(Bg)

(3.6)

Unlike the U-spin relation in two-body decays, namely [10],

Acp(BY = K*n7) = —Acp(By — K~ n™)
B(Bj — K n") 7(BY)
B(B? - K*n™) T(Bg) ’

3.7)

which has been well tested with the recent LHCb meas-
urement of CP violation in B — Kz~ [11], the relations
in Eq. (3.6) cannot be checked by the present available
data. Nevertheless, they can be tested by our dynamical
calculations as shown below.

Branching fractions (in units of 107°) and direct CP asymmetries (in %) in B — PPP decays. Experimental results

of branching fractions are taken from [1]. Theoretical errors correspond to the uncertainties in (i) ang, (ii) F OB’K, onr and mg(u) =

(90 & 20) MeV at y = 2.1 GeV, and (iii) y = (69.733)".

Modes Btheory Bexpt -ACP (%)
K0 g+ o~ +0.3+15.740.0 _ +0.1+0.14+0.0
N B30 o
— 1 +0.2+14.9+4-0. +0.3+1.1+40.
{SK T 36.7205 700 0.1 4625371201

KOKFr+ 72,01“8‘;‘:“12%1‘36_42)0‘11 73.6 £5.7+69+3.0

+ k=70 +0.0+7.54+0.0 +0.0+1.4+0.0
K™K~z 1917045700 3.3%015 0.
KOKOHO 20 3+0.3+8.7+040 0 8+0'0+0‘l+0‘0
+9_04-5.5-0.0 -6_0.0-0.1-0.0
0 _+ - +0.5+0.5+0.1 10.9+1.1+0.0
K'z'zm 12.7205705 0.1 143+£28+£18+£06 8.0543 30,1
K+ 20 16.9+04+21+0.0 0.6+03+03+0.0
-7 _04-1.9-0.0 -0_05-03-0.0
0,00 40.01-+0.0640.01 +5.6+0.6+0.1
K'z'n 0.482)61-0.06-0.01 —33.1559 0601
KKK~ LAT00 e €[0.2; 3.4] — 174503070
40.00-+0.07+0.01 +0.1+0.4+0.2
KKKy 0.2225 66-0.10-0.01 —13.4551 204 05
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IV. BRANCHING FRACTIONS AND CP
ASYMMETRIES

For numerical calculations, we shall use the input param-
eters given in [4] except the form factor F' g K. Asdiscussed in

[12], this form factor at g> = 0 calculated in the literature
ranges from 0.23 to 0.31. We find that the form factor

F gSK (0) = 0.31 gives a better description of the measured
(=)
branching fractions of BY — K°K¥z* and Kzt 7.

The calculated branching fractions and CP asymmetries
are summarized in Table I. The theoretical errors shown there
are from the uncertainties in (i) the parameter ayng appearing
in Eq. (2.7), which governs the momentum dependence of
the nonresonant amplitude, (ii) the strange quark mass m; for
decay modes involving kaon(s), the form factor F/ gSK with
the uncertainty assigned to be 0.03, and the nonresonant
parameter ong given after Eq. (2.7), and (iii) the unitarity
angle y.

K°K~7* mode

(myo +) (GeV?)

(mg- +)* (GeV?)
(a)

PHYSICAL REVIEW D 89, 074025 (2014)

TABLE II. Predicted branching fractions (in un_its of _10‘6) of
resonant and nonresonant (NR) contributions to B — K°K* 7z~
and K°K~z™.

B — KK B — KK+

KK 1L5H00 23400 KHOKO 3.8200-07-00
K~K* 3550000700 KK 26500 Tk
KO(L430)K0 0.6700505°00 RiP(1430)K° 14570073500
K5 (1430)K* 14510053101 K5 (1430)K~ 10002400
NR 23.8707199409 NR 242500700
Total 3531034137400 Total 36.7505 %5620

A. Branching fractions

We see from Table I that the penguin-dominated modes
BY - KK~z and K°K "z~ have the largest rates among
the three-body decays BY — PPP with P = K, z. Resonant

K*K~n° mode

(mg+ - )2 (Gevz)

10 15 20
(my+ 0)* (GeV?)

(b

10

15 20

(mgo 0)* (GeV?)

FIG. 1.

©

Dalitz-plot distributions of penguin dominated B to (a) KK~ 7", (b) K*K~z°, and (c) K°K°z° decays. The CP averaged

differential rates are in units of 107® GeV~. Note that the contour lines are separated logarithmically.
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K°r*n~ mode

(M 5-)* (GeV?)

0 5 10 s 2 25
(Mo +)* (GeV?)
(a)

K°n°7° mode

(m,0 0)* (GeV?)

0 5 10 15 2 2
(myo ,0)* (GeV?)
(©

PHYSICAL REVIEW D 89, 074025 (2014)

K*n~7n° mode

(m,- 0)* (GeV?)

(mg+ .-)* (GeV?)
(b)

K°K*K~ mode

(mg+ k-)* (GeV?)

(myo x+)* (GeV?)
(d)

FIG. 2. Same as Fig. 1, but for tree-dominated B? to (a) K°zz~, (b) K*7~2°, (c) K°2°2° and (d) K°KTK~ decays.

and nonresonant contributions are shown in Table IL" It is
evident that they are dominated by the K;°(1430),
K{~(1430)  scalar resonances and  nonresonant

'Although in B? — K¢K¥Fz* decays, the rate of B —
Ky (1430)K~ —» KK~z is much smaller than that of
BY - K;~(1430)K* — K°K "z, it is the other way around in
B? - 72°K*T K~ decays: B(B? - K" (1430)K~ - K"K~ 7%) >
B(B? - Kj=(1430)K* — K=K "x°). Through the narrow width
approximation, I'(B - RP — P,P,P) =T'(B — RP)B(R —
P, P,) with R being a resonance, it follows that the branching
fraction of BY — K;"(1430)K~ is similar to that of
BY - K;~(1430)K ™.

contributions. The Dalitz-plot distribution shown in
Fig. 1(a) also exhibits this feature. For the nonresonant
contributions, we find if the nonresonant matrix element
of scalar density given by Eq. (2.8) is applied to the By
)
meson, the total branching fraction of B? - K°K¥r*
will be best accommodated with the param-
eter a ~0.10 GeV~2,

For the channel B? — K°K*K~, the current LHCb
measurement of its branching fraction lies in the range
(0.2-3.4) x 107, while our prediction 1.4 x 107 is in the
middle. We see that both B - K*K~7° and B? —
K°K%7° have very similar rates, as it should be.

074025-6



CHARMLESS THREE-BODY DECAYS OF B; MESONS
TABLE III.

PHYSICAL REVIEW D 89, 074025 (2014)

Direct CP asymmetries in BY — PPP decays via U-spin symmetry. Theoretical predictions of branching fractions of

BY — K°K* 7=, K%zt K~ and CP asymmetries for By — PP P are taken from [4], while branching fractions of BY — K°K K~ and K’z "z~
are quoted from [13,14] and [1,15,16], respectively. Only the central values are given for CP asymmetries derived from U-spin symmetry.

Modes B(107%) Acp(%) Modes Acp(%) (U-spin) Acp (%) (theory)
By — K°K*n™* 3.9%55 —9.4533553°5% By - K°K~z* 0.96 4620311150
B — KKzt * 0.8714 —12.7517415100 BY - K°K*z~ 0.28 ~L9X0\ 000
By~ KUCKT 29510 ssUEN Bkt 101 SE T,
By — K"~ 49.6£2.1 ~0.800°01 /00 B - K°K*K~ 15.9 —17 420520504
Bi-kkoks el o B - Kok 208 -~

“Branching fractions and CP asymmetries of B} — K°K*zT are calculated in [4], but not for the individual KKz~ and K°K~z*

modes. Here we have corrected some typos in the computer code for B) — K°K*z¥ and updated the results.

As for the tree-dominated mode B? — K'z*z~, our
prediction of its rate is consistent with experiment within
errors. See Fig. 2 for the Dalitz-plot distributions of
tree-dominated modes.

B. Direct CP asymmetries

There are six U-spin relations exhibited in Eq. (3.6).
They cannot be tested at present due to the lack of
experimental data. Nevertheless, since the U-spin sym-
metry breaking is already included in the model calcula-
tions, we can check quantitatively how good the symmetry
is. In Table III we show some of the direct CP asymmetries
in B, decays evaluated using the U-spin relations Eq. (3.6)
and theoretical inputs for the branching fractions of BY —
PPP decays and CP asymmetries of BY — PPP. We see
that in general Ap obtained by U-spin symmetry are not in
good agreement with the direct calculation based on
factorization. In particular, the signs of the calculated
CP rate asymmetries Acp(BY - K°K*K~) and
Acp(B? - K°K*z~) are opposite to what is expected
from the U-spin symmetry argument. This has to do with
sizable U-spin symmetry breaking in some matrix ele-
ments. For example, the matrix element (7~K°|5u|0)
appearing in the decay amplitude of BY — K°K* 7~ should
be the same as the one (K~K°|du|0) in BY - K'z" K~
under U-spin symmetry. However, from Eq. (2.7) we see
that in reality the U-spin symmetry that relates the matrix
elements of (K'K|dgq|0) to (K°z|3¢|0) is badly broken.
Therefore, it is not surprising that the U-spin relations are
generally not well respected.

As mentioned in the Introduction, LHCb has observed
interesting correlations of the CP violation between the
three-body decays of charged B mesons given in Eq. (1.2).
It will be interesting to see experimentally if the analog
relation  Acp(BY - Ko7 n7) =~ —Acp(B? - K'KTK™)
also holds in the B, sector. Our model calculation (see
Table I) indeed shows an opposite sign of CP rate
asymmetries between the above-mentioned two modes.

Besides inclusive CP violation, LHCb has also observed
large asymmetries in localized regions of phase space [2,3].

Again, it is important to check if significant signatures of
CP violation occur in three-body B, decays in the low mass
regions devoid of most of the known resonances. If the
phase space of the decay BY — K+K~z° is restricted to the
mass region m%. .- < 1.5 GeV? as it has been done for the
LHCb measurement of the regional CP violation in
B~ —> K"Kz, we find A:S"(B)—> K"K 2% =
(29.6702197 1Y% which is greater than the integrated
inclusive CP asymmetry of order 0.9% (cf. Table I).

V. CONCLUSIONS

We have presented in this work a study of charmless
three-body B, decays within the framework of a simple
model based on factorization. Our main results are

(i) The penguin-dominated decays B? — K°K~z" and
K°K* 7~ have the largest rates among the three-body
decays BY — PPP with P being a kaon or pion, and
they are dominated by the K((1430) resonances
and nonresonant contributions. The decays BY —
KTK=7° and K°K°z° have similar rates, and their
branching fractions are of order 20 x 107°.

The branching fraction of BY - K°KTK~ is pre-
dicted to be 1.4 x 107°, which is in the middle of
the measured region (0.2-3.4) x 10™® obtained
by LHCb.

Several model-independent relations based on
U-spin symmetry are derived. Although they
cannot be tested by the present available data, they
can be checked by the dynamical calculations
as shown in Table III. Because the U-spin symmetry
that relates the matrix elements of scalar densities,
e.g., (KK|g,q,|0) and (Kz|5¢|0), is badly broken,
U-spin symmetry relations for CP violation in
three-body B, decays are generally not well
respected.

We found sizable CP asymmetries in K’z 7z,
K°292°, K°K*K~, and KKK channels. Just as
the B,, sector, the CP asymmetries of BY — Kz 7~
and BY - K°K* K~ have similar magnitudes but are
opposite in sign.

(i)

(iii)

@iv)
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APPENDIX: Factorizable amplitudes of B, — PPP decays

In the following we list the factorizable amplitudes of various BY — PPP decays:

(K°K~m*|T,|BY) = (x* K°|(b)y_a|BY) (K™ |(5u)y_al0)[a 8y, + aff + afy = (ag + af)ry]

+ (ROI@)y o189 (K150 af = 3| + (K138} K50} (205 + o)

+ (K°K= x| (i) y_40) (0| (3b)y_5|BY) (@28, + a3 + a)
+ (KKt | (@), 5]0)(0|(3b)y_4|BY) (as + az)
+ (K°K=7*|5(1 +75)d|0)(0|5ysb|BY) (2ag — ag). (A1)

2
+ (KT|(@b)y_ |BY) (7= K°|(51)y_410) @16, + af + afg] + (K*|ab| BY)(n~ K°|5ul0)(-2ag — 2af)
+ (KOK 7| (@) y_al0) (0| (5b)y_a| BY) (@28, + a3 + o)
+ (KK ™ |(@w)y 4|0)(01(5b)y_al BY) (a5 + a7) + (K°K* 77 [5(1 + 15)d|0)(0[575b| BY) (2ag — ag).
(A2)

_ _ - o 1 1
(ROK*7|T,|BY) = (= K*|(@)y_s B (R|(5)y_410) [ ~ Sl ( - ) }

(n"KTK~|T,|BY) = (K*a°|(b)y_5|BY) (K~ |(5u)y_410) @18, + af + afy — (ag + af)ry]
+ (KTK|(5b)y_s|BY)(2°| (@) y_n|0) (@28, + a3 — as — a7 + ao]

(KK B 1@y 40 s = a5 5 (a7 = o)
(K| (8),y - | B9) (K201 (50)ya|0)a1 8+ + afy] + (K [b[B2) (K~0[5(0) (~2, — 20

(KK 4I0)OI(8)y-lBY[as + af =5 (e + o)
8K K155y l0) 0150)y 4B a5 = 3.1 . (%)

(KO 2T, B9 = (KO (b)) (1[0} a3+ + = (af + af)
) _ ] 1
50 B I@5)y-al0)[af - Sty - (af -3k )

+ <KO|(C_lb>V—A|B?><”+”_|(ﬁ”)V—A|0>(az5pu +az+as+a;+ay)

7]
d

_ _ _ 1
+ (ROI@)y B9 a1 @)y al0) [+ af + 5= (ar+ a + )
} _ ) 1 o o
T ROY(@)y 4B (2| (55) _a]O) [ bas—tar+ a9>] - (KO|b|BY) (- |4d|0) (~2a + af)

_ B _ 1 - ) B
e KO 5)y A J0)O1(58) - B |af = S| + oK1+ 73)510)Of515b1BY) 2 — )

(A4)
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% - = - 1 1
(KOK KT, 1B2) = (KK 50), 4B K@)y 410) | =y = (af = 3t )]
o (KO|(@b)y_4 | BY) (K K| @)y 0) a8, + a5 + as + a + )]

- - - 1
+ (ROI@)y B K K@)y al0) 0+ + 05 = a + o + afy)

+ (K°|(db)y_s|BY) (K K~[(5s)y_40) {43 +as —%(617 + a9)]
+ (KT |(h)y_4|BY) (K°K™|(dut)y_4 |0)[ay + af + afy] + (K°|db|BY) (KT K~|dd|0)(-2ag + ag)
(K 00l (KK [a]0) (2] ~ 2af) + (KK K@)y 10)01(58)y B [ — 3y

+ (K"K K~[d(1 +75)5|0)(0[5b|BY) (2ag — ag), (AS)

) ) o _ ] 1 1
(RORORIT, 1B) = (ROK](58),- ) (671 @9, 10) (= 3y = (= a8 )
b (ROY(@D), o [B) (KR () _|O)las6 + a5 + a5 + a7 + ag)]

+ (ROI@), B KR 410 s + af + a5 5 (ar + 0 + )|
+ (RO, B KR35 410) s + a5 = (0 + )|

+ (K°|db|BY) (K°K°|dd|0) (—2af + af) + (ROK°K®|(ds)y_4]0)(0](5b)y_4| BY) [ - %]
+ (K°K°K|d(1 + y5)s]0)(0[575b|BY) (2af — af). (A6)

(K*an°|T,|BY) = (K*a°|(b)y_4|BY) (n~|(du)y_4|0)[a16,, + af + afy = (ag + ag)r}]
+ (77K 7|(db)y_a| BY) (7°|(@tu) y_5 0} @26, + a3 — a5 — a7 + ag]

K| (@)y-o|B) (27](@d)yy 0) | a5 s + 3 (a7 = a)

(K| ()| B 2] @)yl O) a8y + f + ]

(K 00l B) (5~ a0]0) (2] = 20f) + K287y [0)O1(50)y -l BY) |~y

+ (K ld(1 + 75)510) (0f5ysblBY) (2af - af). (A7)
(KORZIT, B = (KOR|(@b),_ | B) (2] () _1|0) 428, + a5 — a5 — a7 + au]

< (ROR(@0), B ] @)y l0) [~ a5+ 3 (0 = o)

+ (2°7°|(ae) o O)(KO|(db)y_4|BY) @z + a5 + as + a7 + ay]

- - - 1
+ (2°7°|(dd)y_»10)(K°|(db)y_4|BY) | a5 + af + a5 — 3 (a7 +ag + “[130)]

2
+ (KOn020d(1 + 5)510) {0575kl BY) (2a — af). (A8)

- S - - 1
+ (#02°]dd|0) (K| db|BO) (~2a + af) + (Kx'20|(ds)y_4|0)(0](5)y 4| BY) [ - }
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(1OKOKO|T | BY) = (KOKO|(55)y_|BY) (2] () y_5|0) (a8, + a3 — a5 — a7 + o]

+ (K°K°|(5D)y_a| BY) (2°|(dd) 4 0)

(RO (5d)y_y|0) (KO (@b)_4 B0)|

+ (K07 (3d)y_4|0)(K°|(db)y_4| BY)

1

as —as +~(a; - a9)]

2

1 1
al —Eafo - <ag —Eag)rf]

1 _ N
al — Eafo} + (K°2°|3d)0)(K°|db|BY)(—2ak + af)

+ (8RR 53),- 001Dy B s+ of = 300 + )]

+ (ROROR59)y-4[0)01(50), B s~ S

2

(A9)
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