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Within the QCD factorization formalism, we study the possible impacts of the nonuniversal Z' model,
which provides a flavor-changing neutral current at the tree level, on rare decays B — K;;(1430)7r. Under
two different scenarios, Scenerio-1 (S1) and Scenerio-2 (S2), for identifying the scalar meson K(1430),
the branching ratios, CP asymmetries, and isospin asymmetries are calculated in both the standard model
and the family nonuniversal Z' model. We find that the branching ratios and CP asymmetries are sensitive
to weak annihilation. In the standard model, with p, = 1 and ¢, € [—30°, 30°], the branching ratios of
S1 (S2) are smaller (larger) than the experimental data. Adding the contribution of the Z' boson in two
different cases (Case I and Case II), for S1, the branching ratios are still far away from experiment. For S2,
in Case II, the branching ratios become smaller and can accommodate the data; in Case I, although the
center values are enhanced, they can also explain the data with large uncertainties. Similar conclusions are
also reached for CP asymmetries. Our results indicate that S2 is more favored than S1, even after
considering new physics effects. Moreover, if there exists a nonuniversal Z’ boson, Case Il is preferred. All

results can be tested in the LHC-b experiment and forthcoming super-B factory.
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I. INTRODUCTION

Recently, with rich events in two B factories, measure-
ments of B meson nonleptonic charmless decays involving
scalar mesons have become available. Among these de-
cays, the processes B — K;;(1430)7 are attractive since
they are dominantly induced by the flavor-changing neutral
current (FCNC) transition b — sGq(q = u, d, s). Such a
transition forbidden at the tree level in the standard model
(SM) is expected to be an excellent ground for testing SM
and searching for new physics beyond SM. Therefore,
many similar decay modes induced by FCNC have been
explored widely in the literatures, such as B — K, K5,
¢K™. The recent reviews can be found, for example, in
Ref. [1]. For the concerned decay modes B — K;(1430)r,
the latest world averaged branching ratios from Heavy
Flavor Average Group [2] are listed as:

BR(B* — K;(1430)7") = (45.1 £ 6.3) X 1076,
BR(B® — K;*(1430)7~) = (33.5%33) X 1076, (1)
BR(B" — K;°(1430)7°%) = (11.7142) X 107°.

Direct CP asymmetries of above decays have also been
measured recently by BABAR and Belle experiments,
which will be shown in Sec. IV. As direct CP violation is
sensitive to the strong phase involved in the decay process,
the comparison between theory and experiment will offer
us information on the strong phases necessary for produc-
ing the measured direct CP asymmetries. Comparing the
predicted results of the SM [3] with experimental data, i.e.
Eq. (1), we notice that the theoretical results cannot
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accommodate the data well even with large uncertainties.
So, it is worth while to explore whether some new physics
models could explain the data.

When discussing the B meson nonleptonic charmless
decays, the hadronic matrix elements are required. In the
past few years, several novel methods have been proposed
to study matrix elements related to exclusive hadronic B
decays, such as naive factorization [4], generalized facto-
rization [5], the perturbative QCD (pQCD) method [6],
QCD factorization (QCDF) [7], the soft collinear effective
theory [8], and so on. Among these approaches, QCDF
based on collinear factorization is a systematic framework
to compute these matrix elements from QCD theory, and it
holds in the heavy quark limit m; — oo and the heavy
quark symmetry. Thus, we shall use QCDF approach in
the following calculations.

Although the study of scalar meson spectrum has been
an interesting topic for a long time, the underlying struc-
ture of the light scalar meson is still controversial until now.
In the literature, there are many schemes for the classifica-
tion of them. Here we present two typical scenarios to
describe the scalar mesons [9]. Scenario-1 (S1) is the naive
2-quark model: the nonet mesons below 1 GeV are treated as
the lowest lying states, and the ones near 1.5 GeV are the
first orbitally excited states. In Scenario-2 (S2), the nonet
mesons near 1.5 GeV are regarded as the lowest lying states,
while the mesons below 1 GeV may be viewed as exotic
states beyond the 2-quark model. Since the mass of
K;(1430) is very near 1.5 GeV, thus it should be composed
by two quarks in both S1 and S2, but the decay constants and
distribution amplitudes are different in the different scenar-
ios. Under above pictures, the two body nonleptonic B
decays involving scalar mesons have been explored in
both QCDF [3,10,11] and pQCD approaches [12—17].
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As stated before, B — K;;(1430)7r decays are domi-
nantly induced by FCNC b — sgq transition, hence they
are sensitive to new physics contributions even if they are
suppressed by a large mass parameter which characterizes
the new physics scale. To search for signals of new physics,
a model-independent analysis is not suitable for the current
status. It is the purpose of this work to show that a new
physics effect of similar size can be obtained from some
models with an extra Z' boson. Z' bosons are known to
naturally exist in certain well-motivated extensions of the
SM, such as the string theory [18], the grand unified
theories [19], the little Higgs models [20], light U-boson
model [21], by adding additional U(1)’ gauge symmetry.

Most studies have assumed that the Z' gauge couplings
are family universal [22], so that they remain diagonal even
in the presence of fermion flavor mixing by the GIM
mechanism. However, in some string models building
[23], it is possible to have family nonuniversal Z' cou-
plings, because of different constructions of the different
families. Also, another way to induce the family nonun-
iversal Z' couplings is to introduce exotic fermions having
U(1) charges different from those of the SM fermions, as
occurs in models with the Eq grand unified group [24]. In
this case, mixing of the right-handed ordinary and exotic
quarks, all SU(2); singlets, gives rise to FCNCs mediated
by a heavy Z'. Now, rightly or wrongly, these models
provide a motivation to consider nonuniversal couplings.
Thus, a motivated Z’' model for low-energy systems is the
so-called family nonuniversal Z" model [25], where the Z'
couplings are affected by fermion mixing and are not
diagonal in the mass basis. Nontrivial FCNC effects at
the tree level mediated by the Z' therefore are induced,
which play an important role in explaining the CP asym-
metries in the current high energy experiments by introduc-
ing new weak phases. Much more extensive discussions of
specific models and other implications, along with a more
complete set of references, are given in several reviews
[26-28].

In fact, the effects of Z’ boson have been studied exten-
sively in low-energy flavor physics phenomena, such as
neutral meson (K, D, or B) mixing, B meson decays
involving the b — s transition in particular [29-31], single
top production [32], as well as the leptons decays [25,33].
Very recently, in Ref. [33], employing current experimen-
tal data and taking a model-independent approach, Chiang
et al. performed a comprehensive study of constraints on
both flavor-conserving and-violating leptonic Z’ couplings
and found the couplings are small. With those results, one
can further constrain the couplings between Z' and quarks
by studying the B— X,/"I", B,—1'/", and B—
K®I*1~ decays, which have been of great interest re-
cently. Of course, these couplings could also been con-
strained by studying the nonleptonic decays such as
B— Kn", B— Km, B— 77 and B— ¢K®, though
many hadronic uncertainties are involved.
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In this work, we will show the implications of the family
nonuniversal Z' model on B — K;;(1430)7 decays. The
layout of this paper is as follows. In Sec. II, we firstly
present the formulaes of B — K{;(1430)7 in the SM within
the QCDF approach, involving the effective Hamiltonian
and the amplitudes. In Sec. III, we specify our flavor-
changing Z' model, and how the effective Hamiltonian
responsible for hadronic B decays is modified. The
numerical results and discussions are given in Sect. IV.
The conclusions are presented in the final section.

II. CALCULATION IN THE STANDARD MODEL

In the 2-quark picture of S1 and S2, the two kinds of
decay constants of scalar meson § are defined by:

(S(P)G2q110) = msfs. (2)

The vector decay constant fg and the scale-dependent
scalar decay constant fg are related by equations of motion

SPNG2¥uq110) = fsp

mg

() —mw) O

wsfs = fs with pg=

where m, and m; are the running current quark masses.
Therefore, contrary to the case of pseudoscalar one, the
vector decay constant of the scalar meson, namely, fg, will
vanish in the SU(3) limit. In other words, the vector decay
constant of K;(1430) is fairly small.

As for the scalar meson wave function, the twist-2 and
twist-3 light-cone distribution amplitudes (LCDAs) for
different components could be combined into a single
matrix element:

1 1 .
(K5 (Plg(@)s, 010) =z [ dreirel g
+ ms¢f{;+ (x)

1
+ ngO-/AVpMZ (ﬁl((*)* (X)}aﬁ. (4)

The distribution amplitudes ¢ (x), d)s»).(x), and ¢1‘§S (x)

are normalized as:

fsno-L5

1 s _ 1 - =&
[ asoz, = [arog =%

and ¢1ng (x) =14 b (x). The twist-2 LCDA can be ex-

panded in the Gegenbauer polynomials:

(&)

st 1) = = (bl =) z B (G2~ 1)
(0)
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The decay constants and the Gegenbauer moments for
twist-2 wave function in two different scenarios have
been studied explicitly in Refs. [3,10] using the QCD
sum rule approach. As for the explicit form of the
Gegenbauer moments for the twist-3 wave functions, there
exist few drawbacks in the theoretical calculation [34],
thus we choice the asymptotic form for simplicity:

1 - 1 -
b5 = ﬁfﬁ b5 = ﬁfs(l —2x). (7

For the pion meson, the asymptotic forms for twist-2 and
twist-3 distribution amplitudes are also adopted:

dp(x) = fpox(1 — x), ¢§’>(X) =rp @)
$5(x) = f46x(1 — ).
The form factors of B — P, § transitions are defined by [4]:
/ my — mp BP( 2
POINVB) = (P, =", PP (g
m2 _ m2
m —
(SEMALIBEY = 1] (P "2, )PE(e?)
m2 _ m2
+ TS q,Lng(qz)], ©)

0(1q) = (5,9p)v-a(Ggba)v—a

04 = (5abp)y-2 D (Gpqa)v-a
q

3 _
0; = E(Saba)vazeq(q,BQB)VwLA;
q

3 _
09 = E(saba)V—Azeq(q,BqB)V—A’ 010
q

with a and S being the color indices. In Eq. (11), O,-0,
are from the tree level of weak interactions, O3;—0g are
the so-called QCD penguin operators and 0;—0 are the
electroweak (EW) penguin operators, while C;—Cy, are
the corresponding Wilson coefficients.

In the QCDF approach, the contribution of the nonper-
turbative sector is dominated by the form factors and the
nonfactorizable impact in the hadronic matrix elements is
controlled by hard gluon exchange. The hadronic matrix
elements of the decay can be written as

1
M0:10,1B) = S FI [ a1y, (o)
- 0
J

fa o o

X ‘bB(f)‘bM1 (x)(DMz(y)‘ (13)

0(2q) = (5aqa)v-aldgbp)y—a

Os = (Eaba)V*AZ(('?Bq,B)V+A’
q
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where P, = (p +p'),. 9, = (p — p’),. Various form
factors have been evaluated by utilizing the relativistic
covariant light-front quark model [35], and the momentum
dependence is fitted to a 3-parameter form

F(0)

PO = T a ) + b i

(10)

The parameters a and b relevant for our purposes are
refereed to Ref. [35].

Although we concentrate on the study of new physics,
the used notation for new interacting operators will be
similar to those presented in the SM. Therefore, it is useful
to introduce the effective operators of the SM. Thus, we
describe the effective Hamiltonian for » — sgg decays as

G
Ha = % 3 0, Qw00 (w) + Ca(w)0F )
p=u,c
10
+3 Cwoiw | an
i=3
where A, = V,,V, are the Cabibbo-Kobayashi-Maskawa

(CKM) matrix elements and the operators O;—0;, are
defined as [36]

03 = (Eaba)V*AZ(QBQB)VfA;
q

O¢ = (EabB)VfAZ(Q,BQQ)VJrA’
q

3 _
Og = E(sabﬂ)vazeq(QBqa)Vi»A:
q

3
=5 Gabplv-a2.e4@pda)v-a (12)
q

Here T}, and T}' denote the perturbative short-distance
interactions and can be calculated perturbatively. ®y(x)
are nonperturbative light-cone distribution amplitudes,
which should be universal. Using the weak effective
Hamiltonian given by Eq. (11) and the definitions of a;
and b; in Refs. [3,7], we can now write the decay ampli-
tudes of B — K;;(1430) 7 as:

A(B~ — 12;;0(1430)7f)

Z A {(a4 —rX a6

puc

X f FBm (2 )(md, — m2)

K
P _ p
(al() ry’dg )
7K

0

+ f(b28i + by + b3,EW)7TKS}’ (14)
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A(B~ — K™ (1430)7°)
_Gr
2

©

po.p_ K p
/\p{(aIS,, +ay —ryag
p=uc

+aly = A a) i f g F7 ) o — m2)

- I:az55 + %(ag - “7)]ng FoFES m2) (3 — m.)
+ fp(by8l + by + b3,EW)7rK3}’ (15)
ABY — K~ a™)

- %p_sz,,{mlag vl — e+l

K
- rxoag)wK;fKﬁFgﬂ(mis)(m% - m%-)

1
+ fB<b3 - §b3,1~:w) ]‘ (16)
7TK8
A(B® — K3a)
G . 1 .
=53 nf(mer e A ta, -~ Aap)
2 p=u.c 2 WKS

X fic FY7(m2.)m}y = m?)

3 BK*
- [azS{i +2 (g - a7>] FaFP5 ) (0 — m2.)
2 Ky 0

1
+f3(_b3 +§b3,EW) } (17)
K
where A, =V, V, and
2m?.
K; K
r'(p) = : (18)

my () (mg(p) — my(p)”

In the above formulas, the order of the arguments of the
a?(MM,) and b;(M,M,) coefficients is dictated by the
subscript M{M,, where M, is the emitted meson and M,
shares the same spectator quark with the B meson. For the
annihilation diagram, M, is referred to the one containing
an antiquark from the weak vertex, while M, contains a
quark from the weak vertex. Note that the coefficients a;
come from vertex corrections and hard spectator correc-
tions, and b; represent of contribution of annihilation dia-
grams. Both a; and b; can be found in Ref. [3]. It must be
emphasized that we shall evaluate the vertex corrections to
the decay amplitudes at the scale u = m,/2. In contrast,
the hard spectator and annihilation contributions should be

evaluated at the hard-collinear scale wu, = +/uA;, with
A, = 500 MeV.

In QCDF approach, the annihilation amplitude has
endpoint divergences even at twist-2 level and the hard
spectator scattering diagram at twist-3 order is power sup-
pressed and posses soft and collinear divergences arising
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from the soft spectator quark. Since the treatment of end-
point divergences is model dependent, subleading power
corrections generally can be studied only in a phenomeno-
logical way. We shall follow [3,7] to parameterize the
endpoint divergence X, = [} dx/x in the annihilation dia-
gram as

X, = m(@)(l T pacihn), (19)
A

with the unknown real parameters p, and ¢,. Likewise,
the endpoint divergence X in the hard spectator contribu-
tions can be parameterized in a similar manner. In the
Sec. IV, we will see that such divergence is the main source
of the uncertainty for the concerned decay modes.

III. THE FAMILY NON-UNIVERSAL Z' MODEL

As mentioned before, a family nonuniversal Z' model
leads to FCNC at the tree level due to the nondiagonal
chiral coupling matrix, which makes itself become inter-
esting in some penguin dominate processes. The basic
formalism of flavor-changing effects in the Z’ model with
family nonuniversal and/or nondiagonal couplings has
been laid out in Refs. [25,26], to which we refer readers
for detail. The detailed phenomenological analysis for
various low-energy physics, especially for B meson
decays, could be found in Refs. [29-31]. Here we just
briefly review the ingredients needed in this paper.

In practice, neglecting the renormalization group (RG)
running between my, and m, and mixing between Z' and Z
boson of the SM, we write the Z' term of the neutral-
current Lagrangian in the gauge basis as

L=—gJ,z" (20)

where g’ is the gauge coupling constant of extra U(1)’
group at the electroweak my, scale. The chiral current J),
is expressed as:

Jio = iy [(BE)PL + (BR)PRIy 21

where the chirality projection operators are Py = (1 =
vs)/2 and Bﬁ refers to the effective Z' couplings to the
quarks i and j at the electroweak scale. For simplicity, we
assume that the right hand couplings are flavor-diagonal
and neglect BX . Compared with Eq. (11), the effective
Hamiltonian for b — sgq transition with Z’ boson can be
written as

. 2Gp(g'mz\2 ., _
HZ = —F( Z) th(Sb)v—Az[Béq(QQ)V—A
q

V2 \gimyz
+ ng(gq)V-i—A] + h.C., (22)

where m is the mass of the new gauge boson. In fact, the
forms of 4-quark operators in Eq. (22) already exist in the
SM, so we rewrite it as
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: G .
Hr =~ VaVi X (AG0§ + AG;03
q

+ AC;0% + ACyOf) + h.c., (23)

where O%(i = 3,5,7,9) are the effective 4-quark operators
in the SM. AC; denote the modifications to the correspond-
ing SM Wilson coefficients, which are expressed as

2 'my \2
ACys = — . (g mz) BL (BLE + 2BLD),
3V Vis\g1myz 24)

AC9’7 ==

/
4 (8 mz)zBL (BLF — BLR
¥ uu ’
3V, Vis\gimzy/) ¢
Generally, the diagonal elements of the effective coupling
matrices B;* are expected to be real as a consequence of
the hermiticity of the effective weak Hamiltonian.
However, the off-diagonal one B,, perhaps contains a
L _ pR _—
new weak phase ¢,. We also suppose B, = By, = B,,,
so as to reduce the new parameters. For convenience we
can represent AC; as

VisVisl 1, Vo Vil .
AC3,5 = ZM é’el‘b:’ AC9’7 = 4M§g’¢s’
th Vts th Vts
(25)
where ¢ and ¢ are defined, respectively, as
1/¢'M,\2| B
§= __<g Z) —be (Buu+2de)r
3\&iMz) [V Vi o6)
1/¢'M,\2| BL
§: __<g Z) —Sh* (Buu _de)«
3\eiMz/) |V Vi

While in general we can have a Z’ contribution to the QCD
penguins AC; s as well as the EW penguins ACq;. It is
stressed that the other SM Wilson coefficients may also
receive contributions from the Z’ boson through RG evo-
lution. With our assumption that no significant RG running
effect between M, and My, scales, the RG evolution of the
modified Wilson coefficients is exactly the same as the
ones in the SM [36].

In order to show the effects of Z' boson clearly, our
analysis are divided into the two cases with two different
simplifications,

B,,= —2B,;, (=0, &E=X, Case—I; on
B, = Baa, (=-X &=, Case-1I,
with
¥ = (g'Mz )2 BiBaa | _ | BoBaa 28)
giMy VinVis VinVis

For Case I, we assume B, = —2B,, so that new physics is
primarily manifest in the EW penguins. (The same
assumption has been used widely in Refs. [29,30].) The
Case II means that the new physics effect is similar to the
QCD penguins. In all cases, the relations between B,,,, and
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B4, can be realized by setting a small mixing angle be-
tween Z and Z'. Thus, there are only two parameters, X and
weak phase ¢, left, in the sequential numerical calcula-
tions and discussions.

IV. NUMERICAL RESULTS AND DISCUSSIONS

To obtain the numerical results, we list the parameters
related to the SM firstly. As stated in Sec. I, because we
have not a clear conclusion whether K;(1430) belongs to
the first orbitally excited state (S1) or the low lying state
(S2), we have to calculate the processes under both scenar-
i0s. So, the decay constants, Gegenbauer moments, and
form factors in different scenarios are listed as follows [3]:

S1: fx:(1.0 GeV) = =300 MeV;
ng(z.l GeV) = —370 MeV; B,(1.0 GeV) = 0.58;
B(2.1 GeV) = 0.39; B;(1.0 GeV) = —1.20;

By(2.1 GeV) = —0.70;  Fo'(0) = F'5(0) = 0.21;

(29)

S2: f,(;(m)(l.o GeV) = 445 MeV;

[k:1430/(2.1 GeV) = 550 MeV;

B,(1.0 GeV) = —0.57; B;(2.1 GeV) = —0.39;
B5(1.0 GeV) = —0.42; B;(2.1 GeV) = —0.25;

F20) = F0(0) = 0.26.
(30)

Now that the uncertainties for the above parameters have
been explored explicitly in Ref. [3], and we will not discuss
the errors caused by them in the current work.

In Ref. [3], the authors concluded that the theoretical
errors are dominated by the 1/m,, power corrections due to
the weak annihilations. Moreover, the weak annihilation
contributions to B — SP could be much larger than the
B — PP case, because the helicity suppression appeared in
the B — PP case can be alleviated in the scalar production
with the nonvanishing orbital angular momentum in the
scalar state. In order to accommodate the data, one has to
take into account the power corrections due to the py and
p4 from the hard spectator interactions and weak annihi-
lations, respectively. In Ref. [3], Cheng et al. found that the
predictions are far away from the experimental data if by
setting p, = 0, which indicates that p, will be nonzero.
Meanwhile, for B — PP, PV modes [7], the errors due to
weak annihilations are comparable to or much smaller than
the center values, and the fitting results show that p, = 1
and ¢, = 0°. Hence, in this work, we adopt p; = p4 = 1,
and set the strong phases ¢,  in the ranges [—30°,30°].

With above parameters, we present our predictions of
the SM in Table. I under two different scenarios. For the
center values, we also assign ¢, = ¢y = 0. In order to
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TABLE 1. Branching ratios (in units of 107®) of B — K;;(1430)7 in the SM and the nonuniversal Z’' model.
S1 S2
Decay Mode SM Case 1 Case II SM Case I Case II Expt
B~ — K:°(1430) 7 23.0712 25.7+3:9+28 17.2703%196 747110 93.8F174206  538F13K165 451783
B~ — K~ (1430)7° 9.3+19 17.9798+114 6.8711%87 38.9704 75.31001468 28.2793+84
B — Ki=(1430) 7" 21.3%107  27.2702468 15.9708%184 70,0100, 83.31007134  50.2490F156 335730
B° — K;0(1430)7° 12.9793 9.4193+1%0 9.8197+103 33.6%94 220795449 23.8793717 117542

obtain the errors, we scan randomly the points in the ranges
¢, €[—30°30°] and ¢ € [—30°30°]. So, the only
theoretical errors of the SM results are due to the strong
phases ¢, and ¢ . Because we fully consider the weak
annihilations, our results are much larger than those in
Ref. [3], especially for the center values. Compared with
the data, the theoretical results in this work are still much
smaller (larger) than the data under two scenarios, except
for mode BY — K;°(1430)7°. If one wants to fit the data
absolutely, p, = 1.3 for S1 and p, = 0.7 for S2 are re-
quired, respectively, which are a bit larger/smaller by 30%
than the fitted results from B — PP, PV. Compared with
predictions of Ref. [15] obtained in the pQCD approach
based on kp factorization, our results are a bit larger than
theirs in S2, but agree with their results in S1 with large
uncertainties.

We next turn to the implications of the nonuniversal Z’
model for the B — K;;(1430)7 decays. Let us firstly con-
sider the range of X, which is the most important parameter
in this model. Generally, we always expect g’/g; ~ 1, if
both the U(1) gauge groups have the same origin from
some grand unified theories. M,/M, ~ 0.1 for TeV scale
neutral Z’ boson is also expected so that the Z' could be
detected in the running of the Large Hadron Collider
(LHC), which results in y ~ 1072, In the first paper of
Refs. [29], assuming a small mixing between Z — Z' bo-
sons, the value of y is taken as y ~ 10~3. In order to explain
the mass difference of B, — B, mixing, |BL,| ~ |V, Vil is
required. The experimental data of B — ¢K®, K,
requires |BL Bi®| ~ |V, Vii|, which indicates |BL, | ~ 1.
Above issues have been discussed widely in Refs. [29,30].
Summing up the above analysis, we thereby assume that
X € (1073,1072). For weak phase ¢, though many at-
tempts have been done to constrain it [31], we here left it as
a free parameter.

The calculated results for branching ratios with two differ-
ent cases in the family nonuniversal Z' model are also
exhibited in Table. I, and for the center values we use X =
0.005 and ¢, = 0°. To obtain the second errors, we also scan
randomly the points in the ranges X € [0.001,0.01] and
¢, € [—180°,180°], while the first errors come from the
weak annihilations. The table shows to us that the two cases
of Z' models can change the branching ratios remarkably in
the two different scenarios. It is clear that the Z’ will enhance
the branching ratios in Case I, while in Case II the branching
ratios are decreased. The reason is that the variation tenden-
cies of Wilson coefficients are different in the two different
cases, which could be seen in Eq. (25) and (27) easily.

For S1, the branching ratios of the first three decay
modes cannot agree with data unless the upper limits in
Case II of the Z’ model are taken. Unfortunately, with the
upper limit values, the branching ratio of B°—
K(1430)7° is much larger than the experimental data.
For S2, the branching ratios with a Z’ boson can accom-
modate experimental data well in two cases with large
uncertainties. If we care about the center values very
much, it seems that results of Case II are preferable. If
further theories and/or experiments can confirm the exis-
tence of Z’, one could correspondingly cross-check the
couplings and the mass of it with all above results in turn.

In the experimental side, another important observable
in B physics is CP asymmetry, in particular, of the direct
CP asymmetry. In Table. II, we list the direct CP asym-
metries of concerned modes in different scenarios and
different cases of the Z' model. Generally, the strong
phases calculable in the QCD factorization are so small
that the CP asymmetries are at most a few percent, as
shown in the table. In S1 we note that the center values
have different signs with the experimental data. Adding the
7' contribution, although the large uncertainties perhaps

TABLE II.  CP asymmetry (in %) of B — K;(1430)r in the SM and the nonuniversal Z' model.
S1 S2
Decay mode SM Case 1 Case 11 SM Case | Case 1I Expt
B~ — K:°(1430) 7~ 10719 LO*1¢r02 1.2+34%02 0.0610 0.06704703  0.0373857003 -5
B~ — Ky (1430)7°  —0573%  —0.41377%¢  —0.6748104 1.043 0.7+18%34 1.2427%03
B — K~ (1430)7* 2.0%3] 17253563 24534500 —-0.8%3%  —07%3)%08  —11735102 -7t
B° — K;0(1430)7° 3.17%§ 37739453 3755300 —1.9%4%  —2.5133433 —2.5%49193 —34+1
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TABLE III. Ratios of the branching fractions in the SM and the nonuniversal Z' model.
S1 S2
R; SM Case | Case 11 SM Case | Case 11 Expt
R, 0.605:05 0.35550 2615 0.62 005003 0.48253 0.26 2003 01> 0.485005 000 0.355013
R, 0.40Z5:55 0.702555 0% 0.392065 001 0.52255} 0.8020057078 0.525551 000
R L0t osTURGR  LotEeGl  099B  LOSUWME 000y 1asgy

alleviate the disparity of B~ — K;’(1430)7, but the large
asymmetries in the B°— K}~ (1430)7" and B’ —
K;°(1430)7° cannot be explained yet. In S2, for B —
Ky~ (1430)7* and B® — K;°(1430) 7, the signs of center
values are same as those of data. Furthermore, the CP
asymmetries of B~ — K;’(1430)7~ in the SM and Z’
model are almost null, which are close to the upper limits
of experiment. Considering the large uncertainties, the
results of S2 in both SM and Z’ models can accommodate
the data, except for the unexpectedly large asymmetry of
B — K;°(1430)7°, which should be measured critically
in future. However, as pointed out in Ref. [37], final state
interaction may have important effects on the decay rates
and their direct CP violations, especially for the latter.
However, this is beyond the scope of the present work.

Let us now analyze the impact of Z’ on the isospin
symmetry breaking. To explore the deviation from the
isospin limit, it is convenient to define the following three
parameters:

_ BR(B" — K;°(1430)79)

1= = - (€29
BR(B® — K~ (1430)7™)’
2.0 T T T T T T
~ S1-Case I s
, ;
15¢F \\ Ix=001
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\ ;
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— - , / -
~ 1.0 SN ;o ]
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FIG. 1 (color online).

BR(B~ — K} (1430)7°)
BR(B~ — K;°(1430)7~)’

=

2 (32)

7(B°) BR(B~ — K:°(1430)7")
7(B~) BR(B® — K~ (1430)7")

R3 (33)
Because they are the ratios of the branching fractions, they
should be less sensitive to the nonperturbative inputs than
other observables discussed before, therefore it is more
persuasive to test them in both theoretical and experimental
sides. In the isospin limits, i.e. ignoring the electroweak
penguins, Ry, R,, and R; are equal to 0.5, 0.5, and 1.0,
respectively. So, the deviations reflect the magnitudes of
the electroweak penguins directly. The results of SM and
the nonuniversal Z' model are listed in Table. III. In the
SM, it appears that the deviations from the isospin limit are
not large in both scenarios, which shows that the QCD
penguins are dominant. For Case I of the Z' model, the new
physics just revise the Wilson coefficients of electroweak
penguin operators, which could break the isospin symme-
try. So, the ratios will be changed remarkably in both
scenarios, as shown in the table. In Figure. 1, we also

2.0 T T T T T T
S1-Case I
151 b
< 1.0} P L B
/" X=0.05 \Xio'm
R4 =" "‘~~~~ *
0 5 L ’0,”/’ \\ \‘\ -
e N3
__‘?/ X=0.001 \‘".‘----
f-, \.i
040 L] 1 1 1 1 1 il 11
—-150 —100 -50 0 50 100 150
Ps
240 T T T T T T
S2-Case 1
1.5¢ b
< 10 Bl B X001 8
K X=0005 N
/‘,;,f‘ --------- S~< . \\
U e R
e Nee
———l S~—.
"I 0“
—-150 —100 -50 0 50 100 150
¢A\'

R, and R, as functions of weak phase ¢, with different X in different scenarios and cases.
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present the variations R, as functions of the new weak
phase ¢ with different X = 0.001, 0.005, 0.01 in S1 (top
panels) and S2 (bottom panels), so as to show the effect of
two parameters X and ¢. From the figures, we see that the
R, , change remarkably when X = 0.01 and 0.005. As X =
0.001, R, , almost have same values as predictions of the
SM. For Case II, the Z' boson changes the Wilson coef-
ficients of QCD penguins, so the isospin symmetries are
almost unchanged, as shown in Table. III. To sum up, the
measurements of the R; will help us determine whether
QCD or electroweak interactions will be changed and then
test the corresponding new physics models.

Finally, we will go back to the discussion of two scenar-
ios. As aforementioned, K;;(1430) is regarded as 2-quark
state in both S1 and S2, but the only controversy is whether
it belongs to ground state or the first excited state. Through
calculation and comparison above, we favor the second
scenario, which means that K;j(1430) is the lowest lying g¢
state. Namely, the scalar mesons lower than 1 GeV are 4-
quark states. This conclusion is also consistent with those
of Refs. [3,12,15].

V. SUMMARY

Based on the QCD factorization approach, we have
investigated in this work B — K{;(1430)7 decays in the

PHYSICAL REVIEW D 85, 074010 (2012)

SM and a family nonuniversal Z' model. Because the inner
structure of K;j(1430) is not clear enough, we calculated
the branching ratios under two different scenarios (S1 and
S2). After calculation, we found that the branching ratios
are sensitive to the weak annihilations. In the SM, with
pas = land ¢4, € [—30°, 30°], the branching ratios of S1
(S2) are smaller (larger) than the experimental data.
Considering the Z' boson in two different cases, for S1,
the branching ratios are still far away from experiment. For
S2, the branching ratios become smaller and can accom-
modate the data in Case II. In Case I, the results can also
explain the data but with large uncertainties. Furthermore,
the other interesting observables, such as CP asymmetries
and isospin asymmetries, are also calculated. Compared
with data, we favor that K;;(1430) is the lowest lying gq
state. Moreover, if there exists a Z' boson, Case II is
preferable. All above results will be tested in the B facto-
ries, LHC-b, and the forthcoming super-B factory.
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