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Abstract: In this work, we study the localized CP violation and the branching fraction of the four-body decay
B —» K~n*n~n* by employing a quasi-two-body QCD factorization approach. Considering the interference of
B - K3(700)0°(770) » K n*na"n* and B’ — K*(892)£y(500) — K~ n*x~x* channels, we predict Acp(B’ —
K- n*n ) €[0.15,0.28] and B(B° —» K n*n n*) € [1.73,5.10] x 1077, respectively, which shows that the interfer-
ence mechanism of these two channels can induce the localized CP violation to this four-body decay. Meanwhile,
within the two quark model framework for the scalar mesons fy(500) and K'(’;(700), we calculate the direct CP viola-
tions and branching fractions of the B® — I_(S(700)p0(770) and B® — K*(892)£,(500) decays, respectively. The cor-
responding results are  Acp(B” — K;5(700)0°(770)) € [0.20,0.36],  Acp(B® — K*(892) f,(500)) € [0.08,0.12],
B(B" — K;;(700)0°(770) € [6.76,18.93] x 10~® and B(B® — K*(892) fy(500)) € [2.66,4.80] x 10~°, indicating that the
CP violations of these two-body decays are both positive and the branching fractions quite different. These studies
provide a new way to investigate the aforementioned four-body decay and can be helpful in clarifying the configura-

tion of the structure of the light scalar meson.
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1 Introduction

Charge-Parity (CP) violation is one of the most fun-
damental and important properties of a weak interaction.
Nonleptonic decays of hadrons containing a heavy quark
play an important role in testing the standard model (SM)
picture for the CP violation mechanism in flavor physics,
improving our understanding of nonperturbative and per-
turbative QCD and exploring new physics beyond the
SM. CP violation is related to the weak complex phase in
the Cabibbo-Kobayashi-Maskawa (CKM) matrix, which
describes the mixing of different generations of quarks [1,
2]. In additino to the weak phase, a large strong phase is
usually needed for a large CP violation. Generally, this
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strong phase is provided by QCD loop corrections and
some phenomenological models.

Recently, theoretical and experimental studies on
two- or three-body heavy meson decays have attracted
more attention [3-12], while studies on four-body non-
leptonic decays of these heavy mesons have been limited
[13-15]. Because of the complicated phase spaces and rel-
atively smaller branching fractions, four-body decays of
heavy mesons are difficult to be investigated. However,
in regard to studying the intermediate resonances, four-
body decays of heavy mesons can provide rich informa-
tion, especially for the unclear compositions of scalar
mesons such as f5(500) (o), K*(700) (x), ao(980) and
f0(980). The descriptions of inner structures of light scal-
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ar states are still unclear and even controversial, which
could be, for example, ¢g, gggq, meson-meson bound
states or even those supplemented with a scalar glueball
[16-19]. Studying four-body decays of heavy mesons, in
addition to two- or three- body decays, can provide use-
ful information for clarifying configurations of light scal-
ar mesons. In fact, with the considerable development of
the large hadron collider beauty (LHCb) and Belle-II ex-
periments, more four-body decay modes involving one or
two scalar states in the B and D meson decays are expec-
ted to be measured with good precision in the future.

As mentioned above, four-body meson decays are
generally dominated by intermediate resonances, which
means that they proceed through quasi-two-body or
quasi-three-body decays. In our work, we will adopt the
quasi-two-body decay mechanism to study the four-body
decay B’ — K rn*nn*, ie, B®— K;(700)0°(770) —
K n*n " and B® — K*(892)f5(500) - K- n*n~n*, where
the light scalars f(500) and K*(700) will be considered
as lowest-lying and first excited gg states [20], respect-
ively. We can then explore whether the localized CP viol-
ation of the four-body decay B — K~n*n~n* can be in-
duced by the interference of these two channels.

Theoretically, to calculate the hadronic matrix ele-
ments of B or D weak decays, some approaches, such as
QCD factorization (QCDF) [6, 21], the perturbative QCD
(pQCD) [22], and the soft-collinear effective theory
(SCET) [23], have been fully developed and extensively
employed in recent years. Unfortunately, in collinear fac-
torization approximation, the calculation of annihilation
corrections always suffers from end-point divergence. In
the QCDF approach, such divergence is usually paramet-
erized in a model-independent manner [6, 21] and will be
explicitly expressed in Sec. 2.

The remainder of this paper is organized as follows.
In Sec. 2, we present our theoretical framework. The nu-
merical results are given in Sec. 3, and we summarize our
work in Sec. 4. Appendix A recapitulates explicit expres-
sions of hard spectator-scattering and weak annihilation
amplitudes. The factorizable amplitudes of two-body de-
cays are summarized in Appendix B. Related theoretical
parameters are listed in Appendix C.

2 Theoretical framework
2.1 Kinematics of the four-body decay

The kinematics of the process B° — K~ (p)a*(p2)
7~ (p3)nt(py) is described in terms of the five variables
displayed in Fig. 1 [24, 25] in which

(1) the invariant mass squared of the Kn system is

skx = (p1+p2)* =my;
(i1) the invariant mass squared of the nm system
iSS,m = (P3 + p4)2 = mzzma

(iii) 6, is the angle of the n* in the n~n" center-of-

ZI\’W
Fig. 1. The reference frames and the kinematic variables in
the B —» K~n*n~n* decay.

mass frame X,, with respect to the zs' line of flight in the
BY rest frame Zj;

(iv) 6k is the angle of the K~ in the Kx center-of-
mass system Xk, with respect to the K line of flight in
Xpo;

(v) ¢ is the angle between the K and nrr planes.

The physical ranges are

2 2
4m7m' SSrr S (mBO —Mgr),

(mg +mn’)2 <SSk < (mpo — Vsrm)zs
0<60,,0k <m, 0<¢<2nm. (1)

We consider the localization of CP violation of the
B® — K~ (p)nt(p2)n~ (p3)n*(ps) decay when the invari-
ant mass of nixr is near the masses of f;(500) (including
p°(770)), and the invariant mass of Kn is near the masses
of K;(700) (including K*(892)). We adopt

I (s00)
mf,(500) — )

T1500) )2

2
) < Sap S (mfn(SOO) + )

Iz 700)

I'z:700) \2
) < Sgr < (mkgaoo) + >

(mk(; (700~ 75

)2. 2

In Eq. (2), mys00) and Mg (700) are the masses of f,(500)
and 133(700) mesons, respectively; I's(so0) and U'g:(700) are
the widths of the corresponding mesons.

Instead of the individual momenta p;, p,, p3, pa4, it is
more convenient to use the following kinematic variables

P=pi+p, Q=p1—p2
L=p3+ps, N=p3—pas. 3)
It follows that
P’ =sgn, Q° =2(pg +p2) =Sk L = 5un,
1
P-L:E(m%o—s,(,,—s,m), P-N = Xcosf, 4)
where the function X is defined as
) 1/2
X(Skrn> Sar) =|(P-L)" = SkxSnn
L i,
=§/l (mBo’SKﬂ" sﬂﬂ)7
Ax,y,2) =(x—y—2)* —dyz. (5)
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2.2 Bdecay in QCD factorization

The effective weak Hamiltonian for nonleptonic B
weak decays is [6]

eﬁ = \/_[ Z Z A(D)(C10P+020P

p=u,c D=d,s
+Zci0i+c7707y+08g08g) +h.c., (6)
i=3
where Gr represents the Fermi constant, /I;D ) = Vb V;D,
Vo, and V,p are the CKM matrix elements,

¢i(i=1-10,7y,8¢) are Wilson coefficients, 0’]’,2 are the
tree level operators, Os_g are the QCD penguin operators,
O7_g arise from electroweak penguin diagrams, and Oy,
and Og, are the electromagnetic and chromomagnetic di-
pole operators, respectively.

With the effective Hamiltonian in Eq. (6), the QCDF
method has been fully developed and extensively em-
ployed to calculate the hadronic two-body B decays. The
spectator scattering and annihilation amplitudes are ex-
pressed with the convolution of scattering functions and
the light-cone wave functions of the participating mesons
[6]. The explicit expressions for the basic building blocks
of the spectator scattering and annihilation amplitudes
have been given in Ref. [6] and are also listed in Ap-
pendix A for convenience. The annihilation contributions
AR (n=1,2,3) can be simplified as [26]

AL(VS) z67ras{3,ug [31(3XA +4-7°)+ B3(1OXA

2310 ,
R )]—r P Xa(Xa - 2)}

AL(VS) z6ﬂas{3,ug [Bl(XA +29-37%) + 133(}(A
2956 100 , )J 5 X (= 2)}

9 37"
AL(VS) 6ma{ = 1l s 9B (XG ~4X4 —4-+7%)

61
+ 1033(3)(3, — 19X+ + 37r2)]

2

-afit-an )
AL(VS) z6nas{ ~3rV s (X4 — 2)[191 (6X4— 11)

+ B3(20XA - 1%)] + 15 X4 (2X4 - 1)},

Al(vs)=al(vs)=0, ™
for MM, = VS, and
ALSV)==AYSV), ALSV)=-AISV),
ALS V) =AL(VS), AlSV)=-AL(VS), )

for M\M, =SV, where the superscripts i and f refer to

gluon emission from the initial and final state quarks, re-
spectively. The model-dependent parameter X4 is used to
estimate the end-point contributions and expressed as

. m
Xa=(1 +PAel¢A)1nA_B» ©)
h

with A;, being a typical scale of order 500 MeV, ps an
unknown real parameter, and ¢4 the free strong phase in
the range [0,2n]. For the spectator scattering contribu-
tions, the calculation of twist-3 distribution amplitudes
also suffers from the end-point divergence, which is usu-
ally dealt with in the same manner as in Eq. (9) and
labeled by Xy. In our work, when dealing with the end-
point divergences from the hard spectator scattering and
weak annihilation contributions, we will follow the as-
sumption Xy = X, for the B two-body decays [20].

2.3 Four-body decay amplitudes and localized CP viol-
ation

For the B —» K-n*n~n* decay, we consider the con-

tributions from B° — I_((’;(700)p0(770) — K ntn nt and

B = K*(892)f,(500) —» K-n*tn~n* channels. For  con-

venience, f,(500), p°(770), K3(700) and K*(892) mesons

will be denoted as o, p, k and K*, respectively. The amp-
litudes of these two channels are
M(B® - kp - K nntn)

_ (RpIHert| BOYK ™70 |Hme e (RN 70 | Hpr e 10)

1
S5 D)
and
M(B® - Ko — K nntn)
— <I_(*0—|(]_{eﬁ|go><K_7T+|7_(I_{‘rr*7r |K* Y™ 7" Hon n:|07) (11)

SeSo ’
respectively, where Hyrr s Hopn, Hix-n and Hg.g o
are strong Hamiltonians for p—nx*, o - ",
k— K n* ,and K* - K™ n* decays, respectively. Sz, S,,
Sk, and S, arethe reciprocals of the dynamical func-
tions of the corresponding mesons. Since the width of o
is larger than the other three mesons, we shall adopt the
Breit-Wigner function and the Bugg model [27, 28] to
deal with the distributions of the first three mesons (x, p
and K*) and o meson, respectively.

In the Breit-Wigner model, §; takes the form
S—mi+imkl"k, k=1,2,3 corresponding to k, p and K*
mesons. S = s;; or S = sk, when dealing with 7z or Kn
systems.

The Bugg model is used to parameterize the distribu-
tion of o [27, 28],

Se(s)=|M>—s- gl(s) z(s)—ertot(s) /MT(s),

(12)
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Ji(s) = j1(M?) with
4
;’ 1 )} Tior(s) = ;rms) and

Pl(S)

where z(s) =

. 1 1-
Ji(s) = ;[2"‘,011“ (1+

MT'y(s) gl(S)

MTa(s) =0.6g1(s><s/M2>exp<—a|s—4m’;}|>p2(s>,
MT3(s) =0.2g1(5)(s/M?)exp(—als — 4m;)p3(s),
MT4(5) =Mgarpan(s)/pax(M?),
81(s) =M(c1 +cas)exp[—(s— M?)/A],
Par(s) =1.0/[1 +exp(7.082 —2.845s)], (13)

where we abbreviate s, as s, related parameters are
fixed to be M =0.953 GeV, s4 = 0.14m2, ¢; = 1.302 GeV2,
c2=0.340, A=2.426GeV? and g4, =0.011 GeV, as giv-
en in the fourth column of Table I in Ref. [27]. The para-
meters pjp3 are the phase-space factors of the decay
channels 7, KK and nn, respectively, which are defined

as [27]
m?
pi(s) = \/1 —-4—,
S

(14)

iGFg/?KJrgpmrgp . (pn’

with my = my, my = mg and m3 =m,,.

When dealing with the final state interactions, unitar-
ized chiral perturbation theory is an effective method;
they have been studied in Refs. [29-32]. Now we will ad-
opt the method in Refs. [7, 28]

(MM HIV) = gvmm,€v - (Pm, — Pum,)s (15)

and

(MM HIS Y = 8sm,m,» (16)

respectively, where gy, and gsm,m, are the strong
coupling constants of the corresponding vector and scal-
ar meson decays, respectively. Generally, these coupling
constants can be derived from experiments, which have
been listed in Eq. (C4).

Within the QCDF framework in Ref. [6], we can get
the decay amplitudes of B° — kp, K*o, which have been
listed in Appendix B. Combining Egs. (35), (15) and
(10), (B2), (16) and (11), respectively, the amplitudes of
B’ - kp - K n*n~n* and B - K*oc —» K n*n~n* chan-
nels can be written as

M(B® - kp - K ntntn) =

= Px+) Z /l;s)

p=u,c

SzSp

* Bk — 3 _
x {2y poF T n) S paRo) + Sy )|

r *
+2fzmpe,

+2m, fz fo ﬁ[bg’(pk) - %b’;w(pk)]},

and

MB’ - K'oc—- K ntntn)=-
Sy

+ V2 (K o)+ ——

iGFgI_(*Kzrgovm

B I, _
AL p(m,%)[af:(pf() - za'fLEW(pK)]

(17

D A;P{zfmA?k’(mi)[%épuaz(ff*fﬂ

p=u,c

& oy (K o-)]+2f0.ABK( 2) b (K o)

1
2V2

1 1
@y (K o) = 3o, EW(K )= 5 gy (K 0')] +2 g Fy 7 (m7.)

P
x [2 \/5“4,EW

0 py (R0 +

respectively, where gxr, 8onrs 8k kr» Sonn are the strong
coupling constants of the corresponding decays, which

are listed in Eq. (C4); Ff*o’?(mﬁ), Afup(mﬁ), AFK (m2) and
FB(m? ) are form factors for B° to &, p, K* and o trans-
itions, respectively; f,, f, fp and fg. are decay con-

(K"~

mg-fp fr-fo |
(mEﬂpc)

oK") - \/_bé’EW( ok* )]}

\f (oK )] ko)

J Tl Js

18
(mpgopc) (1%

L

stants of p, k, B and K* mesons, respectively; £, and f7
are decay constants of o coming from the up and strange
quark components, respectively.

There can be a relative strong phase § between the
two interference amplitudes, the value of which depends
on experimental data and theoretical models. Since little
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information about ¢ can be provided by experiments, we

choose to adopt the same method as that in Refs. [7, 33,

34], i.e., setting § =0. The total decay amplitude of the

B - K n*n*n~ including both B° — ko — K nntn™
and B - K*o — K~ n*n*n~ channels can be written as

M=MB’ - kp — K n*n*tn")
+M(B’ - K'oc— K ntntn). (19)
The differential CP asymmetry parameter can be defined
as

M= IMP

T IME MR

The localized integration CP asymmetry can be
measured by experiments and takes the following form:

f dQUMP* = IMP)

(20)

Acp = (21)

f dsz<|M|2+|M|2>’

where Q represents the phase space given in Eq. (2) with
dQ = ds;,dsg,dcosb,dcosbxde.
As for the decay rate, one has [13]

1
T = ————0(520)X(Sr, k) ) IMPAQ,  (22)
4(47r)6m%U SPZI:.HS

0 (Sqn) = V 1 _4m721/slr7r- (23)

This leads to the branching fraction
1
B=— | dT, (24)
Ip

where 'z is the decay width of the B° meson.

with

3 Numerical results

Within the QCDF approach, we get the amplitudes of
the two-body decays B” — kp and B” — K*o, where the
light scalar o- and k mesons are considered as the lowest-
lying and first excisted ¢g states [20], respectively. As for
the parameters for the end-point divergences, we take
pHx) < 0.5 and arbitrary strong phases ¢4). All the form

factors are evaluated at ¢*> = 0 due to the smallness of mf,,

2, my and m% compared with m7 . We also simply set

m 0

FB'~¢(0)=0.3 and assign its unceBrtainty as +0.1. With
the given parameters, we obtain the CP violations and
branching fractions of the B — kp and B® — K*o decays
by substituting Eqgs. (B1) and (B2) into (20), respectively.
The results are Acp(B — kp) €[0.20,0.36], Acp(B°
— K*0) €[0.08,0.12], B(B® — kp) € [6.76,18.93] x 108
and B(B° — K*o) € [2.66,4.80] x 107°, respectively. Obvi-
ously, the CP violations of these two-body decays are

both positive, with the CP violation in B® — K*o decay
being smaller than that in B® — kp. The magnitudes of the
branching fractions in these two-body decays are differ-
ent with the former being about two orders smaller than
the latter. When dealing with the the four-body decay
B’ - K n*nnt, we adopt Bp—-nrat)x1, Blo—
nat)~3, BK* - K )~ 1, Bk— K n*)~3. Then,
substituting Eq. (19) into (21) and (24), we respectively
get the localized CP violation and branching fraction of
the four-body decay B’ — K~ n*n~n*, with the results
Acp(B® - K 1t n7)€[0.15,028] and BB’ — K n*
nnt)€[1.73,5.10] x 10~7. Compared with the uncertain-
ties from the Gegenbauer moments, we find that those
from the divergence parameters are much larger. It is
clear that the sign of the localized CP violation of
B — K-n*n~nt is positive when the invariant masses of
arn and Kr are near the masses of p (o) and k (K*), re-
spectively. This indicates that the interference of
B’ - kp - K n*n~n* and B - K*oc —» K n*n~n* chan-
nels can induce the localized CP violation to the four-
body decay B’ — K n*n~n*. Our theoretical results
shown herein are predictions for ongoing experiments at
LHCb and Belle-1I. If our predictions are confirmed by
experiments in the future, the viewpoint that 1?3(700) and
Jf0(500) have the gg composition should be well suppor-
ted. However, to exclude other possible structures, more
investigations will be needed due to uncertainties from
both theory and experiments.

4 Summary

By studying the quasi-two-body decays within the
QCDF approach, we predicted the localized CP violation
and branching fraction of the four-body decay
B — K~n*n~n* due to the interference of the two chan-
nels B° — K;;(700)0°(770)(— kp) » K~ n*a n* and B® —
K*(892)5(500)(— K*o) » K™ ntn~n™, with the results
Acp(B® - K ntn 7)) €[0.15,028] and BB’ — K7+
n~nt)€[1.73,5.101x 1077 It is clear that the sign of the
localized CP violation of B — K~n*n~n" is positive. In
the two quark model for the scalar mesons, we also ob-
tained the CP violations and branching fractions of the
two-body decays B®— K;(700)p°(770) and B’ — K*
(892)£0(500) as Acp(B® — K;(700)p°(770)) € [0.20,0.36],
Acp(B® — K*(892) f»(500)) € [0.08,0.12], B(B® — K;;(700)
p°(770) € [6.76,18.93] x 107® and B(B” — K*(892) f5(500))
€ [2.66,4.80] x 107°, respectively. Obviously, the CP viol-
ations of these two-body decays are both positive, and the
CP violation in B° — K*(892) f5(500) is smaller than that
in B —» f(;(700)p0(770). Furthermore, the branching frac-
tions in these two body decays are quite different, with
the former being two orders smaller than the latter. Our
results will be tested by the precise data from future LH-
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Cb and Belle-II experiments. In the present work, we as-
sumed that f,(500) and K;(700) are dominated by the ¢g
configuration. Other possible structures of f,(500) and
1?6" (700) could affect the results in our interference model,
which will need further investigation. If predictions of CP

violation and branch ratio in our work are both con-
firmed by a future experiment, we agree and support the
view that scalar mesons have the ¢g composition.
However, there is still a long way ahead to study the
structure of scalar mesons.

Appendix A: Explicit expressions of hard spectator-scattering and weak annihilation amplitudes

For the hard spectator terms, we obtain [26]

_ d 1
Hi(M My =— JBI0 (T ) fo ?%(a

DM M) Jy p
1 d &
x fo ﬂr%(n)wﬁé%,(m], (Al)

for i=1-4,9,10, where the upper sign is for M; =V and the lower

sign for M, =S,

: fBﬂfM
H M) == I [ L0 0) f Oy, (©)
x f 1 d—[ﬂbM e+ e, (n)], (A2)
0 ﬁ 1 X é; 1

for i=5,7 and H; =0 for i=6,8, £=1-¢ and 7j=1-13, Oy (D) is
the twist-2 (twist-3) light-cone distribution amplitude of the meson
M, and

D(VS) = AV O, (A3)

DSV) = FE'S i,

and M ry' (i=1,2) are "chirally-enhanced" terms defined as

2my f‘J/'(ll)
mp(u)  fv

2m3

ry ()=

P () = (A4)

The twist-2 light-cone distribution amplitudes (LCDA) for the

pseudoscalar and vector mesons are respectively [6, 35]

Dy (x)Ds (y)

Ds ()Qy(y)

v

|7
e
Dy (x)Ds (y)[
ih=

xy(1 — Xy)

2%
—ROL()DY(Y) ———— _(1
2(

ry ©,(x)®s ()

, 1
Aé =na j(; dxdy

Foaf =
Al =A] =0.

2(1 y)

1
Al =na f dxdy[
0

-1y ©5 (x) Dy (y)

V,S s
+ Dy (1) D
xyz 1y 1y @u(0)Dg ()
1

+ —

4 s
FIEES +rXr)§<D XD, ()

+r r (Dl(x)d) )

'\<

+rS Oy ()P ()

=1y @5 ()Dy(y)

u(xg = 6x(1 0| Ykl GoC x|, M=PV  (a5)
m=0
and the twist-3 ones are respectively
1 m=p,
Dy (1) = 3[2x— 1+ @l ()P (20— 1)] m=v, (A6)
m=1
where C3/* and P,, are the Gegenbauer and Legendre polynomials
in Eq. (A5) and Eq. (A6), respectively, a,,(1) are Gegenbauer mo-
ments, which depend on the scale .
The twist-2 light-cone distribution amplitude for a scalar meson
is [20, 26]
D5 (5,09 = [6x(x=1) > Bu(Col*(2x-1), (A7)
m=1,3,5
where B,, are Gegenbauer moments, fs is the decay constant of the
scalar meson, n denotes the u, d quark component of the scalar
meson, n = %(uﬁﬂid), and s denotes the component s5. As for the
twist-3 ones, we shall take the asymptotic forms [20, 26]
Dy ()™ = f. (A3)
Moreover, a quantity Az is introduced to parametrize the integ-
ral over the B® meson distribution amplitude through [6]

Ldp mpgo
— Oz = . A9
j; P () 1o (A9)

With the asymptotic light-cone distribution amplitudes, the
building blocks for the annihilation amplitudes are given by [26]

fOl‘M]Mz = VS,
for MM, =SV,

)
)
) for Mimtz = vs,
)

Q‘.\N@\N @.\NQ.\N

+1r/ s O (), (y) for MM =SV,
2y
ROV D) =), for MyM2 = VS,
V(1 - %y)
2 i

5 Ps(9,0) _(1} )) for MyM, =SV,

2(1 +x)

), for MM, = VS,

2(1”)), for M{M> = SV,
}

(A10)
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Appendix B: The amplitudes of 5° — K;0° and B° - Ko decays

With the conventions in Ref. [11], we obtain the amplitudes for B° — K;;p°, K*o decays within the QCDF framework, which have the fol-

lowing forms:

M(B° - kp) ZIGTF

p=i,c

3 A2t FE R pelpua o) + gy )|+ 250 2 mgo e

[(14(pl<) S ey 00|+ S fy f,([bp(pk)— o 00| ®B1)

MB’ - Ko

p=u,c

iGp Z (v){zfo_ AB I (ma’)mB’Opf[ 1

S (K 0) + V2o (K" o)

V2

1 . ) )
P o (K 0')]+2f(rxA (m?,)mgopc[ PR o)~ 7% R

1
+ @ (K o) = Saf by (K° zT)]+2fK*FB U(mK*)mBopc[

! T i o
- ook )] Faofer f;[bg(K*o-)+b§_EW(K*g-)] + f0 fie fé’,[i

\/‘

-5 ifb’; Ew(cri(*)]}.

Appendix C: Theoretical input parameters

The predictions obtained in the QCDF approach depend on
many input parameters. The values of the Wolfenstein parameters
are taken from Ref. [36]: 5 =0.117+0.021, 77 = 0.353+£0.013.

The effective Wilson coefficients used in our calculations are
taken from Ref. [28]:

C;=-03125, C)=-1.1502,
C}=2.120x 1072 +5.174x 1073
C5=1.420x 1072 +5.174x 1073,
C)=-8340x107°-9.938x 107
C)=-1.017x1072-9.938x 107>

C)=-4.869x 1072~ 1.552x 1072
Cp=-5792x1072 - 1.552x 1072,
C;=3.839x107%,

Clp=1.959%1073.
(c1)

For the masses used in B? decays, we use the following values
(in GeV) [36]:

my =mg =0.0035, m;=0.119, mp =42, my =0.14,
micr <0494, myy(s00, = 0.50,  mge 00 = 0.824,
M50(770) =0.775, mgs(g9y) =0.895, mpo =5.28, (C2)
and widths are (in GeV) [36]

T 0(770) =0.149,
T y(500) =0.5,
Tz: r00) =0.047,
T g+ go2) =0.047. (C3)

The strong coupling constants are determined from the meas-
ured partial widths through the relations [7, 37]

2

8rmy r
sMMy =\| = LM My
BSMM =\ (s S
6mm?,
8VMiM,y = VP RS INTRT (C4)

1 o
2\/§a4p’EW((TK)

b (ocK*)
‘E 3

(B2)

where p.(S,V) are the magnitudes of the three momenta of the fi-
nal state mesons in the rest frame of S and /" mesons, respectively.
The following related decay constants (in GeV) are used [20,
35]:
fee =0.131,  fp0 =021£0.02, fx- =0.156+0.007,
0.21£0.093, % 549 = 0.4829+0.076,
=0.216+0.003,

ff(xsom ="

fi Rz00) =0-34£0.02,  f0770)

=0.165+0.009, 0.22+£0.005,

Sre892) =
=0.185+0.010. (€5)

L
7p0(770)
1
f K*(892)

As for the form factors, we use [20, 35]:

F(I)?”—’K(O) =0.35+0.04,
Fgo_)fo(soo)(m%{) =0.45+0.15,
AOBOHPO(WO)(O) =0.303 £0.029,
A goak*(wz) (0) =0.374 +0.034,
F(,)—go_,n(o) =0.25+0.03. (€0
The values of Gegenbauer moments at x4 = 1GeV are taken from
[20, 351,
o =0,

1 @ =015£007, o =0, oy, =0.140.06,

of 2003002, of *?=0.0420.03,
oy 20112009, of ®? =0.1020.08,
BY . sony =—0422£0.02, BY ;o0 =—0.58+0.19,
B} sony =—0-35£0.003, B} 1 500 = ~0.43£0.013,
By 00y == 0.92£0.11, By ks (70) = 0.150.09. (€7)
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