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Study of scalar meson f,(980) and K;(1430) from B — f,(980)p(w, ¢)
and B — K;;(1430)p(w) decays
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In the two-quark model supposition for f,(980) and K;(1430), the branching ratios and the direct
CP-violating asymmetries for decays B — £((980)p%(w, ¢), K;°(1430)p°(w), K;~(1430)p™ and B~ —
f0(980)p~, Ki0(1430)p~, K~ (1430)p°(w) are studied by employing the perturbative QCD factorization
approach. we find the following results: (a) if the scalar meson f(980) is viewed as a mixture of s5 and
(uii + dd)/~/2, the branching ratios of the b — d transition processes B° — £,(980)p°(w, ¢) and B~ —
f0(980)p~ are smaller than the currently experimental upper limits, and the predictions for the decays
BY — £,(980)w, B~ — f,(980)p ™ are not far away from their limits; (b) in the b — s transition processes
B — K;;(1430)p(w), the branching ratio of B — K;;°(1430)p" is the smallest one, at the order of 10”7 by
treating K;(1430) as the lowest lying state, about 4.8 X 1076 by considering K;;(1430) as the first excited
state; (c) the direct CP-violating asymmetries of decays B — f,(980)p(w) have a strong dependence on
the mixing angle #: they are large in the range of 25° < # < 40°, and small in the range of 140° < 6 <
165°, while the direct CP-violating asymmetry amplitudes of decays B — K;;(1430) p(w) are not large in

the two kinds of state supposition for Kjj(1430) and most of them are less than 20%.
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I. INTRODUCTION

Along with many scalar mesons that are found in experi-
ments, more and more efforts have been made to study the
scalar meson spectrum theoretically [1-7]. Today, it is still
a difficult but interesting topic. Our most important task is
to uncover the mysterious structure of the scalar mesons.
There are two typical schemes for the classification of them
[1,2]. Scenario I (SI): the nonet mesons below 1 GeV,
including f,(600), f,(980), K*(800), and a((980), are
usually viewed as the lowest lying ¢gg states, while the
nonet ones near 1.5 GeV, including f,(1370),
fo(1500)/f,(1700), K*(1430), and a,(1450), are sug-
gested as the first excited states. In scenario II (SII), the
nonet mesons near 1.5 GeV are treated as gg ground states,
while the nonet mesons below 1 GeV are exotic states
beyond the quark model such as four-quark bound states.

The production of the scalar mesons from B meson
decays provides a different unique insight to the inner
structures of these mesons. It provides various factoriza-
tion approaches a new usefulness. The QCD factorization
(QCDF) approach [8,9] has been used to systematically
study the B meson decays with a scalar meson involved in
the final states. The authors draw the conclusion that
scenario II is more preferable than scenario I; that is to
say, the light scalar mesons below 1 GeV are possible four-
quark bound states and the scalar mesons near 1.5 GeV are
the lowest lying ¢g states. If (980) is a four-quark bound
state, it requires the pick up of two energetic quark-
antiquark pairs to form this scalar meson, so one expects
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that the B — f,(980)X rate might be smaller in the four-
quark model than in the two-quark picture. From the
previous calculations [8,10], we also expect that the two-
quark component of f,(980) plays an essential role for
B — [1(980)p(w, ¢) decays. Just like the QCDF ap-
proach, in order to make a quantitative prediction, we
assume the scalar meson f,(980) as a mixture of s5 and
nil(= (uii + dd)/~/2); that is

| £0(980)) = |s5) cosf + |nii)sind, €))

where 6 is the f, — o mixing angle. In the phenomenal
and experimental analyses [11,12], € lies in the ranges of
25° < 6 <40° and 140° < 6 < 165°. Certainly, K;(1430)
can be treated as a ¢g state in both SI and SII, so we will
calculate B — K;;(1430)p(w) decays in two scenarios.

On the experimental side, for f;,(980) emerging as a pole
of the amplitude in the S wave [13], many channels such as
B — f,(980)K can be obtained by the fitting of Dalitz plots
of the decays B— 7" 77~ K and B — KKK and so on [14—
17]. Although many such decay channels that involved
f0(980) in the final states have been measured over the
years, it has yet not been possible to account for its inner
structure. For the decays B — f;(980)p(w, ¢), only the
upper limits are available now [18,19]:

Br(B~ — f,(980)p~) <3.8 X 107°,
Br(B° — £,(980)p°) < 1.06 X 107, )
Br(B" — £,(980)w) < 3.0 X 1076,
Br(B° — £,(980)¢p) < 7.6 X 107",
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It is noticed that we have assumed Br(fy(980) —
7" 7r~) = 0.50 to obtain the upper data. For the decays
B — K;;(1430)p(w), there is still no experimental result.

Here we would like to use the perturbative QCD (PQCD)
approach to study f(980) and K;;(1430) in the decays B —
f0(980)p(w, ¢) and B — K;(1430) p(w). In the following,
f0(980) and K;;(1430) are denoted as f, and K;; in some
places for convenience. The layout of this paper is as
follows. In Sec. II, the relevant decay constants and light-
cone distribution amplitudes of relevant mesons are intro-
duced. In Sec. III, we then analyze these decay channels
using the PQCD approach. The numerical results and the
discussions are given in Sec. IV. The conclusions are
presented in the final part.

II. DECAY CONSTANTS AND DISTRIBUTION
AMPLITUDES

For the wave function of the heavy B meson, we take
1
V2N,
Here only the contribution of the Lorentz structure
¢p(x, b) is taken into account, since the contribution of
the second Lorentz structure ¢ is numerically small [20]
and has been neglected. For the distribution amplitude
¢ p(x, b) in Eq. (3), we adopt the model
Mlzgx2
2wi

Dp(x, b) = (Py + mp)ysdg(x, b). )

Bl b) = Ny (1 = 2 exp| =T = (@] @
where w,, is a free parameter, and the value of the normal-
ization factor is taken as Ngp = 91.745 for w, = 0.4 in
numerical calculations.

In the two-quark picture, the vector decay constant fg
and the scalar decay constant f for a scalar meson S can
be defined as

STV w110y = fsp )

(S(P)G2q110y = mgfs, (6)

where mg(p) is the mass (momentum) of the scalar meson.
The relation between fg and f'g is
mg

() — my (w)?s =I5 @

scenario I: By(Kj) = 0.58 = 0.07,

scenario II: By(K;) = —0.57 = 0.13,

which are taken by fixing the scale at 1 GeV.

By(Kg) = —1.2 + 0.08,
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where m, , are the running current quark masses. For the
neutral scalar meson f,, owing to charge conjugation
invariance or the G parity conservation, it cannot be pro-
duced via the vector current, so f, = 0. Taking the mixing
into account, Eq. (6) is changed to

_ 1 -
(f41dd10) = {fylaul0) = —=m, 74,
N V2 3)
(fol5s10) = my f5,.

Because the decay constants f}o and f}o are very close [8],
we assume that f b= ~}U and denote them as f +, in the
following. For the scalar meson K(1430), fx: will get a

very small value after the SU(3) symmetry breaking being
considered. The light-cone distribution amplitudes for the
scalar meson S can be written as

(8(p)lG1(2),92(0);10)
= \/QINZ [01 dxe™ P pdg(x) + mg®3(x)
+ mg(h - — DOL)} s 9)

here n, and n_ are lightlike vectors: n, = (1,0,0;),n_ =
(0,1,07), and n, is parallel with the moving direction of
the scalar meson. The normalization can be related to the
decay constants:

fl dx®Dg(x) = fl dx®l(x) =0,
0 0

! _ fs
[o dxP§x) = 5 =

The twist-2 light-cone distribution amplitude ®g can be
expanded in the Gegenbauer polynomials:

fs(#)
22N,

X I:Bo(#) + Y Bu(w)Cl*(2x — 1)], (11)
m=1

(10)

Dg(x, pu) = 6x(1 — x)

where the decay constants and the Gegenbauer moments
B, B of distribution amplitudes for f;,(980) and K*(1430)
have been calculated in the QCD sum rules [8]. These
values are all scale dependent and specified below:

Fx: = —(300 = 30) MeV, (12)
B;(f,) = 0.02 + 0.07, fr, = —(370 = 20) MeV; (13)
B;(Kj) = 0.42 £ 0.22, fr; = —(445 = 50) MeV, (14)
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As for the twist-3 distribution amplitudes ®3 and ®I,
we adopt the asymptotic form:

@3 = 2x). (15)

N
22N." ¥ S 22N.7°

The distribution amplitudes up to twist-3 of the vector
mesons are

(V(P, 62)|5]2/3(Z)C]1a(0)|0>
v f dxe P [Myed Dy (x) + ef PDY(x)
+ My Py (x)]op (16)

for longitudinal polarization. The distribution amplitudes
can be parametrized as

Dy (x) = m[l +alc3Px - 1)), (17)
t fV _
e zm v (18)
S0 = — V(e

22N¢

where the decay constant fy, [21] and the transverse decay
constant f7, [22] are given as the following values:

f,=209+2MeV, f,=195%3MeV, )
fo =231 %4 MeV,
fr=165=9MeV,  fI =151 %9 MeV,
(20)

£l =186 = 9 MeV.

Here the Gegenbauer polynomial is defined as C3/ (1) =
(52 = 1). For the Gegenbauer moments, we quote the
numerical results as [23]

al =al, =015+007, al,=018=008 1)

III. THE PERTURBATIVE QCD CALCULATION

Under the two-quark model for the scalar mesons f,, and
K supposition, the decay amplitude for B — VS where V
represents p, w, ¢ and S represents f,, K,, can be con-
ceptually written as the convolution

AB— VS) ~ [ &y d ey d e THC(D)D (k) Dy (ko)
X Dg(k3)H(ky, ky, k3, 1)], (22)

where k;’s are momenta of the antiquarks included in each
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mesons, and Tr denotes the trace over Dirac and color
indices. C(1) is the Wilson coefficient which results from
the radiative corrections at short distance. In the above
convolution, C(¢) includes the harder dynamics at a larger
scale than the M scale and describes the evolution of local
4-Fermi operators from my, (the W boson mass) down to

the t ~ O(yf AMp) scale, where A = My — m,,. The func-
tion H(k,, k,, k3, t) describes the four-quark operator and
the spectator quark connected by a hard gluon whose ¢ is

in the order of AMj, and includes the @(\[/_\M ) hard
dynamics. Therefore, this hard part H can be perturbatively
calculated. The functions ®y g are the wave functions of
the vector meson V and the scalar meson S, respectively.

Since the b quark is rather heavy, we consider the B
meson at rest for simplicity. It is convenient to use light-
cone coordinate (p*, p~, pr) to describe the meson’s mo-
menta,

+

1
pt = \75(1?0 =p¥, and pr=(p\p?). (23

Using these coordinates, the B meson and the two final
state meson momenta can be written as

M M
PB:TS(L 1,07), P2=723(1—r§,r2v,0r),

r%,, OT),

(24)
P, = %(},2 1—
3 \/z S»
respectively, where the ratio rgy) = mgy)/Mp, and mgy,
is the scalar meson S (the vector meson V) mass. Putting

the antiquark momenta in B, V, and S mesons as ki, k,, and
ks, respectively, we can choose

ki = (x;P{,0,ky7), ky = (x2P3, 0, Kor),

) (25)
k’; = (0, X3P3 , k37‘).
For these considered decay channels, the integration over
ki, k5, and ki in Eq. (22) will lead to

J,Zl(B - VS) -~ [dxldXZdX3bldb1b2db2b3db3

T C()Dp(x, by) Py (x,, by)
X (x5, b3)H(x;, by, 1)S,(x)e 50, (26)

where b; is the conjugate space coordinate of k;r, and ¢ is
the largest energy scale in function H(x;, b;, t). In order to
smear the end-point singularity on x;, the jet function S,(x)
[24], which comes from the resummation of the double
logarithms In2x;, is used. The last term ¢ 5 in Eq. (26) is
the Sudakov form factor which suppresses the soft dynam-
ics effectively [25].

For the considered decays, the related weak effective
Hamiltonian Hg can be written as [26]
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H o — @[z AV (CH )0 () + Ca(p) 0L ()

p=u,c

S c,-w)oi(m],

i=3

27)

where g = d, s. Here the Fermi constant G = 1.16639 X
107> GeV~2, and the functions Q,;(i = 1, ..., 10) are the
local four-quark operators. We specify below the operators
in H . for the b — ¢ transition:

Of = goy"Lug - uigy,Lb,,
O3 = qay"Lug - gy, Lbg,
03 = C_Ia'yMLba : Zq/ﬁ')/p,LqIB:
q/
Os = u¥"Lbp - D a3, L,
q!
Os = Go¥"Lb, = X dYuRq),
q/
_ (28)
O = Go¥*Lbg * D 4y Rk,
ql
3_
0, = Eqay"Lb ZeqlqﬁyﬂRqB,
q'
3
Os = 5da¥*Lbg - Zeq 4l R
q'
— 3 = /1,
Oy 9= 54aY Lb, Zeq 'dpYulqp
q'
3
O1 = 5 4a¥"Lby - Ze T LG

q

where « and B are the SU(3) color indices; L and R are the
left- and right-handed projection operators with L = (1 —
vs), R = (1 + vys). The sum over ¢’ runs over the quark
fields that are active at the scale u = O(m,), i.e
(g'€{u, d, s, c, b}).

In Fig. 1, we give the leading order Feynman diagrams
for the channel B® — p°f,(980) as an example. The
Feynman diagrams for the other decays are similar and
not given in order to make a brief version. For the same
purpose, the detailed analytic formulas for the diagrams of
each decays are not presented and can be obtained from
those of B — f(980)K* [27] by replacing corresponding
wave functions and parameters.

Combining the contributions from different diagrams,
the total decay amplitudes for these decays can be written
as

M(B = fop(h, w)) = M(fop(d, @)
X cosf + \;— nn(fOp(d) w)

X sin, (29)
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u(d, s) fo u(d, 5) fo
B B P B F
(;) (b)
fo Jo
ey
(;) )

(e) (f)

fo fo
0’ p°
(h)

Diagrams contributing to the decay B® — p°£,(980).

(g)

FIG. 1.

where 6 is mixing angle and

V2M 5 (fop°) = =M, (fop™)
= szep(C4 - %Clo)
T §th,3(C6 - %cg), (30)
M o(fow) = —§,M6p<C4 - %clo>
— ftMPZ( — %Cg), 3D

M5(fod) = —le:(Mmzz + Maf[,)<c4 - %Cl())

1
+ (M2 + M‘”‘O)(C6 ECg)

1 dg
— ds + 5(17 - 7)],

(32)

+ (Fafo + Fa¢)<a3
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\/ianﬁ(foPO) = {fu[(Mefo + Mafo - Mep + Map)CZ + (Fefo + Fafo + Fap)a2]

3 1 5 1 5
- f,l:Fef0<—a4 +§C7 ‘I’ng +§C9 + ClO) + (Fap + Faf0)<—a4 _—C7 _ECS +§C9 + ClO)

1 1 3
— (Ftlljg + Fi%o + Fg’pz <a6 - Edg) + (Mefo + Mafo + Map)(ECQ + ECIO - C3)
1 1 1 1
- Mep<C3 + 2C4 - §C9 + ECIO) - (Mfflg + prl + M5}0 + Mt[;pl <C5 - §C7) - M5p2(2C6 + ECS)

3
+ (M + MP2 + Mf,’pz)icg]}, (33)

Mnﬁ(fop_) = {gu[MefOCZ + (Mafo + Mep + Map)cl + Fefan + (Fafo + Fap)al]

1
- le:ng(aa - Eas) + (Fup + Fopy + Fap )ag + ayo) + (Fh3 + Fffo)(as + ag)

1 1
+ (Mff() + Mafu + Map)(C3 + Cg) + Mep(C3 + 2C4 - §C9 + 5C]0>
1 1
+f), + mfl o MED(Cs + €+ Mzy(cs - 6 mB(acg v 56 G4

\/Emnﬁ(fow) = {fu[(Mer + Mafo + Mep + Map)CZ + (Fefo + Fafo + Fap)a2]

7 5 2 1 1 1 1
- ft[(Fer + Fap + Fafo)(§C3 +§C4 - 2C5 _§C6 _§C7 _ECS +§C9 _gclo)

1 1 1
+ (Fy + FIF + FI7 (a6 - Eag) +(M,, + My + M,z + Map)(c3 +2C, — EC9 + ECm)
1 1
1 1 1 _ 2 2 2 2
+ (M + ME + M+ MG, (CS 5C7) + (MIE + M+ M+ ML (2(?6 + Ecg)]}, (35)

_Cy

C
M ,q(fod) = _fz[Fefo(% +as — % - %) + Mef(,<C4 7) + Mffo(cs - 78)] (36)

\/EM(KVPO) = gu[(Mep + Map)Cl + MeI(*CZ + Fapal + Fel(*a2]

3 1
- ft[Ffpz(% + ag) + FeK*<§ (C7 + Cy) + E(CS + CIO)) + M,, + M,,)(C; + Cy)

3 3
+ (prl + Mg;)(CS + C7) + Fap(a4 + 6110) + F53(06 + 618) + MeK* ECIO + Mf[%* ECS], (37)
\/EM(K*_")) = gu[(Mew + Maw)cl + MeK*CZ + Fawal + FeK*a2:|
2 1 1
- fz[Ffaz)(aﬁ + ag) + Fek*(z(c3 +Cs) + g(C4 + Ce) + §(C9 +Cy) + g(cs + Clo))
+ (M, + My, )(C3 + Co) + (MEL + MEL)(Cs + C7) + Fyp(ag + ayo) + Fho(ag + ag)

1 1
+ M, <2C4 + 5CIO) + M2 (206 + ECg):l, (38)
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M(Kp~) = ¢,[M,,Ci + F,pa,] — §z|:Ffp2(a6 +ag) + MeP(C3

PHYSICAL REVIEW D 82, 034036 (2010)

C C
— 7"’) +M,,(¥C; + Co) + ME) (c5 - 77>

+ MPI(CS + C7) + Fup(a4 + alo) + F (a6 + ag)] (39)

\/zm(K*OPO) = é‘:u[MeK*CZ + FeK*a2:| -

1
+ (Mep + Map)<c3 —

) + ML+ M”1)<C5 -=C ) + Fap<a4

3 1
ftl:Ffp2<a6 - —as> + Foke (2 (C7; + Cy) + E(CS + C1o))
1
2

1 1
- Ealo) + Fgg(c% - 508>

27
3 p 3
+ M k- ECIO + M ;. 2C3 (40)
1 1
\/EM(K*O(U) = fu[MeK*CZ + Fel(*aZ] - gt[Ffaz)<a6 - EaS) + (Mew + Maa))<c3 - §C9)
2 1 1 P P 1
+ Fae(20Cs + € 45+ € +5(Co + o)+ (o + Coo)) + (2L + MEL)(Cs — 5 C)
1 - 1 1 ” 3
+Faw a4—§a10 +Faw a6—§a8 +M6K* 2C4+§C10 +MeK* 2C6+5C8 ) (41)
MK~ p*) = £,M,,C, — &| FP2(ag + ag) + M,,(C3 + Co) + M,,(C % + MENCs + C7) + MBI Cs — “
( P ) - gu ep ™l ‘ft (a() aS) ( 3 9) ap 3 2 ( 5 7) ap 7
_adyo P2 _ag
+ F F, — | 42
“”< 2 ) ( 2)] (42)
The combinations of the Wilson coefficients are defined as V,, = 0.0387, V,qs = 0.974,
usual [28]: (47)
Tpe = 1.671 X 107125,
Ci()
= +
a(p) = Colp) + ==, T = 1530 X 107125, 48)
ar(u) = Cy(u) + CZ(M), In the B-rest frame, the decay rates of B —
3 () 43)  f0(980)p(w, ¢), K;5(1430)p(w) can be written as
Civi(u .
a(p) = Ci(p) + ———, i=3571709, G2
S S =2 | MP(1 - 1), (49)
Ci-1(p) 4 32mmp
. =C. 4 = .
ailm) = Cilu) 3 7 6,810 where M is the total decay amplitude of each considered

IV. NUMERICAL RESULTS AND DISCUSSIONS

We use the following input parameters in the numerical
calculations [18,29]:

S =190 MeV, My = 5.28 GeV,
(44)
My, = 80.41 GeV,
Vi = [Viple™™ =3.93 X 1073¢77%°, V,, = 1.0,
(45)
Vg = |V,ale ?# =8.1x 10732167,
td d (46)

V,, = 0.2255,

decay and rg the mass ratio, which have been given in
Sec. III.

If £,(980) is purely composed of nii(s5), the branching
ratios of B~ — £,(980)p~ and B — £,(980)p°(w, ¢) are

B(B~ — f0(980)(ni)p~) = (7.5502 5 11111 x 1079,
(50)

B (B® — £,(980)(ni1)p°) = (1.1743+03+02) x 1079,
(51)

B(B® — f,(980)(nit)w) = (5.37037L1+09) 5 1076,
(52)

B(B® — f((980)(nii)p) = (1.7753703+03) X 107,
(33)
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B(B~ — £,(980)(s35)p~) = (3.0793707402) x 1077,
(54)

B (B® — £,(980)(s3)p°) = (1.4793%03+02) % 1077,
(55)

B (B — £,(980)(s3)w) = (1.250110310.2) % 1077,
(56)

B (B® — £,(980)(s5) ) = (2.0593104+00) % 1078,
(57)

where the uncertainties are from the decay constant of
f0(980), the Gegenbauer moments B, Bz, and the B meson
shape parameter w = 0.40 = 0.04 GeV. In these b — d
transition processes, the decay B’ — f,(980)¢ is very
different from the other three channels: the value of
B(B — fy(ni)¢p) is smaller than that of B(B — f(s5)¢)
by about one order, it is contrary to the cases of the other
three decays, at the same time, the branching ratios for n7n
and s§ components of this channel are both very small.

In Fig. 2, we plot the branching ratios of the considered
decays as functions of the mixing angle 6. One can find our
predictions for the decays B~ — f,(980)p~ and B° —
f0(980)w are smaller than the experimental upper limits,
but not far away from them. In these decay channels, the
branch ratio of B~ — f,(980)p~ is the largest one, most
possible in the range (1.0 ~ 2.5) X 1076, We predict that
the branch ratio of the decay B® — f,(980)p° is at the
order of 10~7. The tree operator contributions of different
diagrams are destructive inference, which leads the tree
dominated decay B® — £,(980) " to receive a rather small
rate. On the contrary, the different amplitudes of the decay
B — £,(980)w are constructive inference and this chan-
nel has a larger rate, which is close to the branch ratio of
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B~ — f,(980)p~. Certainly, this scheme (the inference
between different tree contributions) is influenced by the
value of the mixing angle; for example, it is not obvious for
6 = 20°, while it is obvious for 25° <6 <40° and
140° < 6 < 165°. As to the decay B — £,(980)¢, there
are no tree contributions in the leading order and the
contributions from the s§ component are documented.
One can see that its branching ratio is very small and has
a different dependence on the mixing angle with other
three decays. Its theoretical value is in the range

2.2 X 1078 < B(BY — £,(980)p) < 3.8 X 1078,
for 25° < 6 < 40°; (58)

4.6 X 1078 < B(B® — £,(980)p) < 6.0 X 1075,
for 140° < 6 < 165°, (59)

which is far smaller than its upper limit 38 X 1078,

For comparison, we also give the theoretical results in
the QCDF framework [9], which are listed in Table I.
Obviously, there exists stark disagreement with the
QCDF predictions. It mainly arises from taking different
values about the decay constants of the scalar mesons and
dealing with the annihilation diagram contributions in
different way.

Astothedecays B~ — Ki'p~, K~ p°, K~ w and B® —
Ky p*, Ki'p°, Ki'w, we plot their branching ratios as
functions of the Cabibbo-Kobayshi-Maskawa angle vy
(shown in Fig. 3). Though there are no the experimental
results, our argument is that the branch ratios of decays
B — K;;(1430) p(w) might not be far away from those of
B — Kp(w), just like the relationship between B —
K;(1430)¢p and B — K¢ [30]. It is not like the channels
B — f1(980)p(w), where there exists large destructive

TABLE 1.  Branching ratios (in units of 107%) of B — £,(980)p(w, ¢) and B — K;;(1430)p(w). The theoretical errors correspond to
the uncertainties due to (i) the scalar meson decay constants, (ii) the Gegenbauer moments B; and Bj for the scalar mesons, (iii) the B
meson shape parameter w. In order to compare with the QCDF predictions, we also give the predicted branching ratios of B —
f0(980)p(w, ¢) for the fy — o mixing angle § = 20°. For the QCDF results, the branching ratios of B — f,(980)V are in SI, ones of

B — K;;(1430)V are in SIL

Mode QCDF Scenario 1 Scenario II Exp.
B~ — f(980)p~ 13501504501 0.720601707 <3.8
B" — £,(980)p" 0.01L380-006-00t 0.3325,0:76:05 “0:06 <1.06
B — £,(980)¢ S 0.045063.6070.003 <0.76
BY — f,(980) 0.0650: 000005 0.345. 63606003 <3.0
B™ — K?(1430)p™ 66.27355734 363 32506765763 121556237763
B™ — Ki~(1430)p° 210555515001 345080504 8415533767
B~ — K; (1430)w 16174070635 38509705707 7455
B — K°(1430)p" 36.8%115°07°51" 04755 35617003 48250710703
B’ — K (1430)p" SLOZS TSI 33250650503 10.5550555703
B — Ki'(1430)w 1565377 05755° 4951157 09 93730758713
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TABLE II. Decay amplitudes for decays B~ — K;~ (1430)w, B — K;°(1430)w ( X 1072 GeV?).

F.. M, M,, M?, M,, FI,
B~ — K (1430)w (SI) 0.6 13.2 — 18.4i -0.5+0.7i 12.3 — 12.0i —0.3 + 0.5i —1.7 —2.2i
B® — K3°(1430)w (SI) 0.6 —0.8+ 1.2i —0.7 + 0.8i
B~ — K7 (1430)w (SII) -0.9 —17.3 — 14.6i 0.6 + 0.5i —13.8 = 0.8i 0.5—0.1i —0.2 + 0.3i
B® — K3°(1430)w (SII) -0.9 . 1.1 +0.9i e 0.9 —0.1i e

F,, Fr. F i M. M i FT + M7
B~ — K~ (1430)w (SI) —3.5—-22i —324 -23 —11.0+6.3;i —0.6+0.3i —18.5—25.6i
B® — K3°(1430)w (SI) —3.5—2.0i -324 -23 —11.0+6.3i  —0.6 + 0.3 —43.4 + 6.3i
B~ — K (1430)w (SIT) 2.9+ 5.9 412 3.1 0.1 +6.1i 0.0 + 0.4i 10.0 — 9.0i
B% — K;°(1430)w (SIT) 3.1+ 6.2 41.2 3.1 0.1 +6.1i 0.0 + 0.4i 413 +6.1i

(constructive) interference between the components wuii
and dd in the mesons f;(980) and p° (w). There exists
relatively  small interference in  decays B —
K;(1430)p(w), so the branching ratios of these decays
are close to each other; most of them are in the range of
(3 ~5) X 107° for scenario I, and in the range of (7 ~
10) X 107¢ for scenario II. The branch ratio of B —
K;°(1430)p° is the smallest one in these decays, and its
value is at the order of 1077 in scenario I. Certainly, we
only calculate the leading order diagrams and do not con-
sider the higher order corrections. If the future experimen-
tal value about this channel is larger than our prediction,
say 1079, it indicates that this decay might be more sensi-
tive to next-to-leading order corrections, and it is similar to
the decays B® — 7°7°, p°p°. On the contrary, the decay
B° — K;°(1430)w arrives at a large rate in our leading
order calculations, especially in scenario I. We expect that
its value will be smaller after considering next-to-leading
order corrections. In Table II, we list the values of the
factorizable and nonfactorizable amplitudes from the emis-
sion and annihilation topology diagrams of the decays
B~ — K; (1430)w and B° — K;*(1430)w. F,), and
M), are the K{j(1430) emission (annihilation) factoriz-
able contributions and nonfactorizable contributions from
penguin operators, respectively. Similarly, F,, K: and
M o)k denote the contributions from @ emission (annihi-

lation) factorizable contributions and nonfactorizable con-
tributions from penguin operators, respectively. The upper
label “T” denotes the contributions from tree operators.
For the w emission-type diagrams, these two decays have
the same Wilson coefficients, so the corresponding ampli-
tudes have the same values. The column “F” + M is for
the total tree contribution of factorizable and nonfactoriz-
able diagrams. From Table II, one can find that the tree
contributions from @ and K* emission-type diagrams are
destructive in the charged decay, and a smaller real part of
the total tree contribution survives in comparison with the
neutral one, which makes the branching ratio of B’ —
K;°(1430)w larger than that of B~ — K, (1430)w.

Now, we turn to the evaluations of the direct
CP-violating asymmetries of the considered decays in

the PQCD approach. The direct CP-violating asymmetry
can be defined as

2 2
ar - 1M~ |MP (60)
CAMP + I MP
From Fig. 4, one can see the direct CP-violating asym-
metry values for the decays B~ — f,(980)p~ and B° —
£0(980)p" in these two possible ranges of the mixing angle
6 are very different, that is to say, their CP-violating
asymmetries are sensitive to the mixing angle. For the
decay B — £,(980)w, its CP-violating asymmetry is not
so sensitive to the mixing angle. If the mixing angle is in
the range 25° < 0 < 40°, the direct CP-violating asym-
metries of these decays are about

80% < A% (B~ — £,(980)p") <90%,  (61)

— 60% < A% (B — £,(980)p°) < —40%,  (62)
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FIG. 4 (color online). The dependence of the direct CP asym-
metries for B~ — f,(980)p~ (solid curve), B® — £,(980)p°
(dotted curve), and B® — £,(980)w (dashed curve) on the mix-
ing angle 6. The vertical bands show two possible ranges of 6:
25° < 6§ <40° and 140° <0 < 165°.
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FIG. 5 (color online). The dependence of the direct CP-violating asymmetries for B~ — K;’p~, K3~ p°, Kj”w and B — K3 p™,

K{%p° K;’w on the Cabibbo-Kobayashi-Maskawa angle 7.
20% < AdL(BY — £,(980)w) < 35%. (63)

If the mixing angle is in the range 140° < 8 < 165°, the
direct CP-violating asymmetries of these decays are about

—20% < AEL(B™ — f4(980)p7) <5%,  (64)
—12% < A4L(BY — £,(980)p°) < 15%, (65)
—10% < AUL(BY — £,(980)w) < 4%.  (66)

Certainly, we consider that the gluon component is small
and negligible in the meson f(980). Our argument is that
the neglected gluon component has a small influence on the

TABLE IIl. Direct CP-violating asymmetries (in units of %)
of B— f,(980)p(w, ¢) and B — K*(1430)p(w). The errors for
these entries correspond to the uncertainties from the scalar
meson decay constants, the Gegenbauer moments B, and Bj
for the scalar meson, and the B meson shape parameter. Here we
still give the predicted direct CP asymmetries of B —
f0(980)p(w, ¢) for the f, — o mixing angle § = 20°.

Mode Scenario [ Scenario II
B~ — £,(980)p™ 85. 1700 1840

B" — £,(980)p" — 32450088183

B% — f,(980)¢ 0

B — f,(980)w 3871551995163

B™ — KP(1430)p™  —15.9%00718%0F  — 71556516703
B™ — K5 (1430)p° 163700750737 63551735755
B~ — Ky (1430)0  —154Z03%3758 6250075330
B — Ki0(1430)p°  —12.1%00+83420  —24.2%05+36+38
BO— K5 (430" 2105030 4ty
B° — Ki°(1430) L.9T5007560 10.0555 733755

branching ratio, while it has a bit more influence on the
CP-violating asymmetry. So if the contribution from the
gluon content is included, it will give these direct
CP-violating asymmetry values some corrections. As to
the decay B® — £,(980)¢, there is no tree contribution at
the leading order, so the direct CP-violating asymmetry is
naturally zero.

For the decay B — K w, its direct CP-violating asym-
metries for two scenarios are both positive and small
(shown in Fig. 5). For the charged decays B~ —
K2(1430)p~, K;~(1430)p°, K (1430)w, their direct
CP asymmetries have similar size in two scenarios (shown
in Table III. While in scenario II, the direct CP asymmetry
of the decay B~ — K;;’(1430)p ~, whose branching ratio is
the largest, has an opposite sign with those of the other two
charged decays. It is because there exist contributions from
the vector meson emission diagrams in the decays B~ —
K3~ (1430)p°, K~ (1430)w, which will flip the signs of
their direct CP-violating asymmetry values when the wave
function of K;;(1430) in scenario II is used, while there are
not these kinds of extra contributions in the decay B~ —
K3(1430)p".

V. CONCLUSION

In this paper, we calculate the branching ratios and the
CP-violating asymmetries of decays B — f(980)p(w, ¢),
K;(1430) p(w) in the PQCD factorization approach. Using
the decay constants and light-cone distribution amplitudes
derived from QCD sum-rule method, we find that:

(i) If f,(980) is purely composed of nii(ss), then the

value of B(B — fy(nii)¢) is smaller than that of
B(B — f,(s5)¢) by about one order for the channel
B — fy(s5)¢ [it is contrary to the cases of B —
f0(980)p(w)]; at the same time, these two branching
ratios for nn and s§ components are both very small.
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(i) In

the b —d transition processes B —
f0(980)p(w, ¢), the branching ratio of B~ —
f0(980)p~ is the largest one and its value is possible
in the range (1.0 ~ 2.5) X 107%; the branch ratio of
BY — £,(980)p° is at the order of 10~7. Our pre-
dictions for the decays B~ — £,(980)p~ and B® —
f0(980)w are smaller than the experimental upper
limits, but not far away from them.

(iii) In the b — s transition processes B — K;p(w),

(iv)

(1]
(2]

[4]
(5]
(6]

(71
(8]

(91
(10]

[11]

(12]

(13]

[14]

there exists a small difference for the values of their
branch ratios, and most of them are in the range of
(3 ~5) X 107° for scenario I, (7 ~ 10) X 107 for
scenario II.

In scenario I, the branch ratio of B® — K;;°(1430) p°
is the smallest one in these b — s transition pro-
cesses, and its value is at the order of 1077 in
scenario I. Certainly, we only calculate the leading
order diagrams, and do not consider the higher
order corrections. If the future experimental value
about this channel is larger than our prediction, say

PHYSICAL REVIEW D 82, 034036 (2010)

1079, it indicates that this decay might be more
sensitive to next-to-leading order corrections,
which is similar to the decays B — 7070, p°p°.
On the other side, the decay B’ — K;°(1430)w
arrives at a large rate in our leading order calcula-
tions. We expect that its value will be smaller after

considering next-to-leading order corrections.

(v) The direct CP-violating asymmetries of decays

B — f,(980)p(w) have a strong dependent on the
mixing angle 6: they are large in the range of 25° <
6 < 40° and small in the range of 140° < § < 165°,
while the direct CP-violating asymmetry ampli-
tudes of decays B — K;;(1430)p(w) are not large
in both scenarios and most of them are less than
20%.
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