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Within the QCD factorization formalism, we study the possibmpacts of the non-universal
Z' model, which provides a flavor-changing neutral currenhatttee level, on rare deca@s—
K (1430 1. Under two different scenarios (S1 and S2) for identifying scalar mesoK;(1430),
the branching ratioSCP asymmetries, and isospin asymmetries are calculated inthetstandard
model (SM) and the family non-universél model. We find that the branching ratios a2l asym-
metries are sensitive to weak annihilation. In the SM, with= 1 andg, € [-30°,30°], the branch-
ing ratios of S1 (S2) are smaller (larger) than the expertaietata. Adding the contribution of the
Z' boson in two different cases (Case-l and Case-ll), for S4 ptlanching ratios are still far away
from experiment. For S2, in Case-Il, the branching raticsb®e smaller and can accommodate the
data; in Case-Il, although the center values are enhanaadc#n also explain the data with large
uncertainties. Similar conclusions are also reachef®asymmetries. Our results indicate that
S2 is more favored than S1, even after considering new phesiects. Moreover, if there exists a
non-universaZ’ boson, Case-ll is preferred. All results can be tested irLH€-b experiment and

forthcoming super-B factory.

. INTRODUCTION

Recently, with rich events in twB factories, measurements Bimeson non-leptonic charmless decays
involving scalar mesons have become available. Among ttesays, the processBs— K (14301t are
attractive since they are dominantly induced by the flavanging neutral current (FCNC) transitibn—
sqq (q = u,d,s). Such a transition forbidden at the tree level in the Stathtéwdel (SM) is expected to be
an excellent ground for testing SM and searching for newiphysIP) beyond SM. Therefore, many similar
decay modes induced by FCNC have been explored widely initématlires, such &8 — K, Kn), K.
The recent reviews can be found, for example, in Refs. [1]tf@concerned decay mod@s- K;(1430 1,

the latest world averaged branching ratios from Heavy Flaverage Group [2] are listed as:
BR(BT — K;°(1430") = (45.1+6.3) x10°5;

BR(B? — K;" (14307 ) = (335733) x10°5;

BR(B® — K3°(14301°) = (117733) x 10°°. (1)
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DirectCP asymmetries of above decays have also been measured ydneBtiBar and Belle experiments,
which will be shown in Sec. IV. As dire€@P violation is sensitive to the strong phase involved in theage
process, the comparison between theory and experimenbffell us information on the strong phases
necessary for producing the measured digiasymmetries. Comparing the predicted results of the SM [3]
with experimental data, ie. Eqg.(1), we notice that the thtoal results cannot accommodate the data well
even with large uncertainties. So, it is worth while to explevhether some new physics models could
explain the data.

When discussing thB meson non-leptonic charmless decays, the hadronic méments are required.

In the past few years, several novel methods have been mopostudy matrix elements related to exclu-
sive hadronid decays, such as naive factorization (NF) [4], generalizetbfization [5], the perturbative
QCD method (pQCD) [6], QCD factorization (QCDF) [7], the tsobllinear effective theory (SCET) [8],
and so on. Among these approaches, QCDF based on colliretarifation is a systematic framework to
compute these matrix elements from QCD theory, and it hoidke heavy quark limitn, — c0 and the
heavy quark symmetry. Thus, we shall use QCDF approach ifollogving calculations.

Although the study of scalar meson spectrum has been ardtitey topic for a long time, the underlying
structure of the light scalar meson is still controversiatiltnow. In the literature, there are many schemes
for the classification of them. Here we present two typica&nseios to describe the scalar mesons [9].
Scenario-1 (S1) is the naive 2-quark model: the nonet mdselogy 1 GeV are treated as the lowest lying
states, and the ones near 1.5 GeV are the first orbitallyezksiates. In scenario-2 (S2), the nonet mesons
near 1.5 GeV are regarded as the lowest lying states, wtelendsons below 1 GeV may be viewed as
exotic states beyond the two-quark model. Since the mals§(G#30 is very near 1.5 GeV, thus it should
be composed by two quarks in both S1 and S2, but the decayaotmstnd distribution amplitudes are
different in the different scenarios. Under above pictutee two body non-leptoni® decays involving
scalar mesons have been explored in both QCDF [3, 10, 11]@&Dpapproaches [12-17].

As stated beforeB — K;(1430 1T decays are dominantly induced by FCNG-+ sqq transition, hence
they are sensitive to new physics contributions even if tireysuppressed by a large mass parameter which
characterizes the new physics scale. To search for sighidB,@ model independent analysis is not suitable
for the current status. It is the purpose of this work to shioat & new physics effect of similar size can
be obtained from some models with an exffaboson. Z' bosons are known to naturally exist in certain
well-motivated extensions of the SM, such as the stringrihEid], the grand unified theories [19], the little
Higgs models[20], light U-boson model [21], by adding atatial U(1)" gauge symmetry.

Most studies have assumed that #legauge couplings are family universal [22], so that they liema

diagonal even in the presence of fermion flavor mixing by th& Giechanism. However, in some string



models building [23], it is possible to have family non-ugrisalZ’ couplings, because of different con-
structions of the different families. Also, another way moliice the family non-univers@’ couplings is
to introduce exotic fermions having(W)’ charges different from those of the SM fermions, as occurs in
models with theEg grand unified group [24]. In this case, mixing of the rightitlad ordinary and exotic
quarks, all SW2), singlets, gives rise to FCNCs mediated by a he&ryNow, rightly or wrongly, these
models provide a motivation to consider non-universal tingp. Thus, a motivated’ model for low en-
ergy systems is the so-called family non-univerdamodel [25], where th&’ couplings are affected by
fermion mixing and are not diagonal in the mass basis. Niwiatflavor-changing neutral current (FCNC)
effects at the tree level mediated by etherefore are induced, which play an important role in €rpla
ing theCP asymmetries in the current high energy experiments bydottimg new weak phases. Much
more extensive discussions of specific models and otheidatjgns, along with a more complete set of
references, are given in several reviews [26—28].

In fact, the effects oZ’ boson have been studied extensively in low-energy flavosiphyphenomena,
such as neutral mesoK (D, or B) mixing, B meson decays involving the— s transition in particular
[29-31], single top production [32], as well as the leptoesays [25, 33]. Very recently, in Ref. [33],
employing current experimental data and taking a modedpeddent approach, Chiarg.al performed
a comprehensive study of constraints on both flavor-coimsgrand -violating leptoniZ’ couplings and
found the couplings are small. With those results, one cethduconstrain the couplings betweghand
quarks by studying thB — X¢| *1~, Bs— |11~ andB — K*)I |~ decays, which have been of great interest
recently. Of course, these couplings could also been @nstt by studying the non-leptonic decays such
asB — Kn!), B— K, B— mrandB — @K*), though many hadronic uncertainties are involved.

In this work, we will show the implications of the family namiversalZ’ model onB — K§(1430 1
decays. The layout of this paper is as follows. In Sec.ll, vl§i present the formulaes Bf— Kj(1430 1
in the SM within the QCDF approach, involving the effectivarhiltonian and the amplitudes. In Sec.lll, we
specify our flavor-changing’ model, and how the effective Hamiltonian responsible fairbaic B decays
is modified. The numerical results and discussions are giv&ect.lV.The conclusions are presented in

the final section.

[I. CALCULATIONIN THE STANDARD MODEL

In the two-quark picture of S1 and S2, the two kinds of decaystants of scalar mesdhare defined

by:

(S(P)|G2Vu|0) = fspy,  (S(P)|Go01]0) = Msfs. )



The vector decay constafi¢ and the scale-dependent scalar decay constamte related by equations of
motion

om0
mp(p) — my(u)’

wheren, andmy are the running current quark masses. Therefore, contrahetcase of pseudoscalar one,

psfs= fs, with ps= A3)

the vector decay constant of the scalar meson, namglwyill vanish in the SU(3) limit. In other words,
the vector decay constant k(1430 is fairly small.
As for the scalar meson wave function, the twist-2 and t®idight-cone distribution amplitudes
(LCDAS) for different components could be combined intoregk matrix element:
_ 1 1 . 1
*+ _ = Xp-z . S - UV O
K5 (PO (210(0]0) = . || B () oy 0+ g B (0} (9
‘atrib ; S o ; :
The distribution amplitudeg: (x), K (x), anqué (x) are normalized as:

fKS 1 S _ 1 (o} _ f_KS
e dx%(x)_/o G = 5 )
d

and(q%(x) = %dxq%(x). The twist-2 LCDA can be expanded in the Gegenbauer polyalsmi

[ axag0 =

() = e B —) 3 Bn()CA (21— 1) ®)

The decay constants and the Gegenbauer moments for twiai# function in two different scenarios
have been studied explicitly in Refs. [3, 10] using the QCihsule approach. As for the explicit form
of the Gegenbauer moments for the twist-3 wave functiorexetlexist few drawbacks in the theoretical

calculation [34], thus we choice the asymptotic form for sliiity:

1 - 1
- f J —
% ¥ A SR

For the pion meson, the asymptotic forms for twist-2 andtt®idistribution amplitudes are also adopted:

fs(1-2x). ()

®(X) = fpbx(1—x), @ X) =fe, @ (X) = fpbx(1—Xx). (8)

The form factors oB — P, Stransitions are defined by [4]:

m2 — m2 m2 — m3
(P(0/)Vu B(p) = (Pu - %q;;) FEP(eP) + B, (),

m2 — m2 m2 — m2
<s<p’>rAurB<p>>=—i[(Pu— . SQH) PP + B0, ). ©)

whereP, = (p+p')u, du = (p— P')u. Various form factors have been evaluated by utilizing #ativistic
covariant light-front quark model [35]. And the momentunpeedence is fitted to a 3-parameter form

_ F(O
F) = T e g + b g 4o




The parametera andb relevant for our purposes are refereed to Ref. [35].
Although we concentrate on the study of new physics, the nstation for new interacting operators
will be similar to those presented in the SM. Therefore, itgeful to introduce the effective operators of

the SM. Thus, we describe the effective Hamiltonianlder sqq decays as

10
Het=—= 3 Ap cl<u>o<1‘”<u>+c2<u>0§q><u>+_§3ci<u>oi<u> , (12)

Gr
V2 p=t,c

whereAq = VgpVys are the Cabibbo-Kobayashi-Maskawa (CKM) matrix elementsthe operator®;-O1o

are defined as [36]

O = (Sap)v_a(@balv-a,  OX = (520a)v_a(@bs)v_a,
O3 = (Suba)v-a) (dpds)v-a, Os=(Sabg)v-a) (Gsta)v-a,
q q

Os = (Saba)v-a Z(CTBQB)VJrA , Og= (S_abB)VfAZ(CTﬁQO()V+A ,
q q
3 _ _ 3 _ _
O = E(Saba)va%eq(QBQB)V+A , Og= E(Sabﬁ)VfA%eq(Qﬁqa)V+A ,
3 _ _ 3 _ _
Og = E(Saba)V—A%eq(QBqB)V—A7 O = z(sabﬁ)V—A;eq(qua)V—Ay (12)

with a and being the color indices. In Eq.(11],-O, are from the tree level of weak interactio3s-Og
are the so-called QCD penguin operators @reD1g are the electroweak penguin operators, wdieC,g
are the corresponding Wilson coefficients.

In the QCDF approach, the contribution of the non-pertivbatector is dominated by the form factors
and the non-factorizable impact in the hadronic matrix @ets is controlled by hard gluon exchange. The

hadronic matrix elements of the decay can be written as
BM, -1 | -1 -1 1 I
(MiMoO1[B) = S F, /O dXT;! (X) Dy, (%) +/0 dé/o o|></0 YT (£,%,y) g (£ )Ou, (X) P, (¥)- (13)
]

HereTi'j andT!' denote the perturbative short-distance interactions andbe calculated perturbatively.
®x (x) are non-perturbative light-cone distribution amplitudehich should be universal. Using the weak
effective Hamiltonian given by Eq.(11) and the definitioisgoandb; in Refs.[3, 7], we can now write the

decay amplitudes @ — K;(1430 1 as:

_ —% - GF K3 1 K
A(B — K 0(1430)7'[ ) = —= A {(ap—r p__( P _Po p)>
0 \/sz P 4 X 9 2\910 ™ "X 2

=U,C

fis Fan(mng ) (Mg — ?)
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+fa(b23f + b3+ bsgw) e } ; (14)
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17)
whereAp = Vp,Vps and
. 2me.
i (1) = : . (18)

In the above formulaes, the order of the arguments obﬂ@MlMg) andb;(M1M,) coefficients is dictated

by the subscripMiM,, whereM is the emitted meson arid;, shares the same spectator quark with the
B meson. For the annihilation diagrai; is referred to the one containing an anti-quark from the weak
vertex, whileM, contains a quark from the weak vertex. Note that the coeffisig come from vertex
corrections and hard spectator corrections, lyrmepresent of contribution of annihilation diagrams. Both
g andb; can be found in Ref.[3]. It must be emphasized that we shaluete the vertex corrections to
the decay amplitudes at the scale= m,/2. In contrast, the hard spectator and annihilation coutiobs
should be evaluated at the hard-collinear sgale- \/uAy, with Ap = 500 MeV.

In QCDF approach, the annihilation amplitude has endpdirgrgences even at twist-2 level and the
hard spectator scattering diagram at twist-3 order is pauppressed and posses soft and collinear di-
vergences arising from the soft spectator quark. Sincerdanent of endpoint divergences is model
dependent, subleading power corrections generally carnubiéed only in a phenomenological way. We

shall follow [3, 7] to parameterize the endpoint divergeXge= foldx/iin the annihilation diagram as

Xa = I <@> (14 pad®™), (19)
An



with the unknown real parametepg and @a. Likewise, the endpoint divergeneg, in the hard spectator
contributions can be parameterized in a similar mannemérSec.lV, we will see that such divergence is

the main source of the uncertainty for the concerned decalemo

1. THE FAMILY NON-UNIVERSAL Z' MODEL

As mentioned before, a family non-univergimodel leads to FCNC at the tree level due to the non-
diagonal chiral coupling matrix, which makes itself becomieresting in some penguin dominate pro-
cesses. The basic formalism of flavor changing effects irzthmodel with family non-universal and/or
non-diagonal couplings has been laid out in Refs. [25, 26Jyhich we refer readers for detail. The de-
tailed phenomenological analysis for various low energysids, especially foB meson decays, could be
found in Refs. [29-31]. Here we just briefly review the ingegds needed in this paper.

In practice, neglecting the renormalization group (RGhing betweem, andmy and mixing between

Z' andZ boson of the SM, we write th#’ term of the neutral-current Lagrangian in the gauge basis as
£ = —d3z", (20)

whered is the gauge coupling constant of extd1)’ group at the electro-weatny scale. The chiral

currentJ;I is expressed as:

Iy =Wy [(Bh)Pw(Bﬁ)PR] v, (21)
where the chirality projection operators der = (1+ y5)/2 and Bf} refers to the effectiv’ couplings
to the quarks and j at the electroweak scale. For simplicity, we assume thatigine hand couplings are
flavor-diagonal and negleaﬁy Compared with Eq.(11), the effective Hamiltonian for+ sqq transition
with Z’ boson can be written as

2GF ,dmz \2 L= R /=~
(=) "Bg(D)v-a Y [Byq(da)v-_a+ Bgy(ad)v+a] +h.c., (22)
V2 gimy % “ “

wheremy is the mass of the new gauge boson. In fact, the forms of faarkgoperators in Eq. (22) already

7
Heo =

exist in the SM, so we rewrite it as
/ G
HE = 7’%\%\4’; Y (AC50§+AC503+AC;08+AC40) +hec., (23)
q

whereOiq (i=3,5,7,9) are the effective four-quark operators in the SMI; denote the modifications to

the corresponding SM Wilson coefficients, which are expess

2 gdmz \2 | oLR LR
ACss = — B, (BLR 4 2BLR)
3,5 3.,tbvt,§(gl /) sb( uu dd)
4 gmz 2 LR pLR
ACo7 = — BY, (BLR— BLR). 24
7 3\4b\4§(91”12/) s (Bui dd ) (24)



Generally, the diagonal elements of the effective coupmgricesBéqR are expected to be real as a con-
sequence of the hermiticity of the effective weak Hamiléani However, the off-diagonal origy, perhaps
contains a new weak phage We also suppongq = Bffq = Byg, SO as to reduce the new parameters. For
convenience we can represé@; as

2 VioVis| VioVis|

ACss5 = €% NACy7;=14 g%, 25
35 = 2V 4 UREVAYR 3 (25)
wherel and¢ are defined, respectively, as
1,gMz.2, B
= —= —>—| (Byy + 2Bgd),
¢ 3(91MZ’) ‘vtbvtz“ it 2Baa)
1,dMz.2, By
= —= Buu — Bdd)- 26

While in general we can haveZ contribution to the QCD penguin&Cs s as well as the EW penguins
ACy 7. Itis stressed that the other SM Wilson coefficients may edseive contributions from th#’ boson
through renormalization group (RG) evolution. With ourwaagtion that no significant RG running effect
betweerM; andMyy scales, the RG evolution of the modified Wilson coefficieatsxactly the same as the
ones in the SM [36].

In order to show the effects &’ boson clearly, our analysis are divided into the two casels tmio

different simplifications,

Bw=-2Bgq, (=0, ¢&=X, Casel,

(27)
Bu = Bgd, {(=-X, £€=0, Casell.
with
'M BB BB
X= (o) e =Y (29)
Mz’ | VipVié VipVié

For Case |, we assunt&,, = —2Bgyq SO that new physics is primarily manifest in the EW penguifi$e
same assumption has been used widely in Refs.[29, 30]). &ke T means that the new physics effect is
similar to the QCD penguins. In all cases, the relations betvB,, andByg can be realized by setting a
small mixing angle betweeni andZ’. Thus, there are only two parametexsand weak phase; left, in the

sequential numerical calculations and discussions.

IV. NUMERICAL RESULTSAND DISCUSSIONS

To obtain the numerical results, we list the parameterda@lto the SM firstly. As stated in Section. |,

because we have not a clear conclusion wheljet 430 belongs to the first orbitally excited state (S1) or



TABLE I: Branching ratios (in units of 1¢f) of B — K(1430 mtin the SM and the non-universal model.

S1 s2
Decay Mode SM Case | Case SM Case | Case Expt
B~ —>K;§°(1430)rr 230733 257139128 17.2713+196174.7130. 9387574220 5381131152 1451183

B~ — K (14307°| 9.3"19 179937173 6.8%15"57 | 389755 75379045, 282795157
B — K$™ (14307 (213727 27.272258  159708+184)700108, 83370.0,134  50.2921158 1335132

B° - Ko)(1430 70129193 9.4103+120 9 gt03+103 | 335104 25 t0514L9 38105477 |19 7+42

the low lying state (S2), we have to calculate the processdsriboth scenarios. So, the decay constants,

Gegenbauer moments, and form factors in different scenar®listed as follows [3]:

S1: fis (1.0 GeV) = —300 MeV;fy; (2.1 GeV)=—370 MeV;By(1.0 GeV) = 0.58;

B1(21 GeV) =0.39;B3(1.0 GeV) = —1.20;B3(2.1 GeV) = —0.70;F>®(0) = F,"°(0) = 0.21; (29)

S2: fi;(1430(1.0 GeV) =445 MeVify;(1430(2.1 GeV) =550 MeV;By(1.0 GeV) = —057,

Bi(2.1 GeV) = —0.39;B5(1.0 GeV) = —0.42;B5(2.1 GeV) = —0.25;Fc"(0) = F"°(0) = 0.26(30)
Now that the uncertainties for the above parameters have ésqaored 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 theoreticalrsraoe dominated by the/ i, power corrections
due to the weak annihilations. Moreover, the weak annibitatontributions taB — SP could be much
larger than thé& — PP case, because the helicity suppression appeared Bi-th®P case can be alleviated
in the scalar production with the non-vanishing orbital @ag momentum in the scalar state. In order to
accommodate the data, one has to take into account the powections due to thgy andpa from the
hard spectator interactions and weak annihilations, ctisedy. In Ref. [3], Chenget.al found that the
predictions are far away from the experimental data if byirsgipa = 0, which indicates thapa will be
nonzero. Meanwhile, foB — PP, PV modes [7], the errors due to weak annihilations are compeatator
much smaller than the center values, and the fitting reshite/ shatp, = 1 andg, = 0°. Hence, in this
work, we adopipy = pa = 1, and set the strong phaspsy in the range$—30°, 30°].

With above parameters, we present our predictions of therShble.l under two different scenarios.
For the center values, we also assign= ¢4 = 0. In order to obtain the errors, we scan randomly the
points in the rangegn € [—30°,30°] andg@y € [—30°,30°]. So, the only theoretical errors of the SM results
are due to the strong phasgsand @y. Because we fully consider the weak annihilations, ourltesue

much larger than those in Ref.[3], especially for the cenédues. Compared with the data, the theoretical
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TABLE II: CP asymmetry (in %) oB — K (1430 in the SM and the non-universal model.

S1 S2
Decay Mode SM Case | Case SM Case | Case Expt
B~ —Ko (14307 | L0'1 10'1¢'82 12'31°8% [0.06°35 0.06'35'83 0.03'383'083 —5°5
B — Ky (14307°|-0.5"38 ~04730"9% 0673803 1035 0773533 1275153
B’ K (143077| 20/3] L7'53G5 24733719 |-08'57 —0.7/33°08 ~11735°02 | 7' 14
B’ Ko (14307 | 31°58 37/30133 37128700 |-1.9'48 —25'5333 —25/39:08| 3413

results in this work are still much smaller (larger) than ttega under two scenarios, except for mode
B~ KSO(1430) . If one want to fit the data absolutejya ~ 1.3 for S1 andoa ~ 0.7 for S2 are required,
respectively, which are a bit larger/smaller by 30% tharfitted results fronB — PP, PV. Compared with
predictions of Ref. [15] obtained in the pQCD approach basgd factorization, our results are a bit larger
than theirs in S2, but agree with their results in S1 withdaugcertainties.

We next turn to the implications of the non-univerglmodel for theB — K;(1430 m decays. Let
us firstly consider the range of, which is the most important parameter in this model. Gdlyenae
always expect//g; ~ 1, if both theU (1) gauge groups have the same origin from some grand unified
theories.Mz/Mz ~ 0.1 for TeV scale neutra’ boson is also expected so as to #iecould be detected
in the running Large Hadron Collider (LHC), which resultsyin- 10-2. In the first paper of Refs. [29]
assuming a small mixing betwe&n- Z’ bosons, the value ofis taken ag ~ 1073, In order to explain the
mass difference ds— Bs mixing, IBY| ~ [MipVii| is required. The experimental dataBf oK), K,
requires|BY,Bs"| ~ [Mp\4|, which indicategB,| ~ 1. Above issues have been discussed widely in Refs.
[29, 30]. Summing up above analysis, we thereby assumethatlo—3,10-2). For weak phases, though
many attempts have been done to constrain it [31], we her# &f a free parameter.

The calculated results for branching ratios with two défgrcases in the family non-universéllmodel
are also exhibited in Table.l, and for the center values veexus 0.005 andg, = 0°. To obtain the second
errors, we also scan randomly the points in the ranges[0.001 0.01] and g € [-180°,18C], while the
first errors come from the weak annihilations. The table shtwws that the two cases af models can
change the branching ratios remarkably in the two diffeseinarios. It is clear that ti# will enhance
the branching ratios in Case-l, while in Case-Il the brangtratios are decreased. The reason is that the
variation tendencies of Wilson coefficients are differeanthe two different cases, which could be seen in
Eq.(25) and (27) easily.

For S1, the branching ratios of the first three decay modesotagree with data unless the upper limits
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in Case-Il of theZ’ model are taken. Unfortunately, with the upper limit valudg® branching ratio of
B KSO(143()710 is much larger than the experimental data. For S2, the biragcatios with aZ’ boson
can accommodate experimental data well in two cases wile lancertainties. If we care about the center
values very much, it seems that results of Case-Il are @igter If further theories and/or experiments can
confirm the existence &', one could correspondingly cross-check the couplings la@dniass of it with all
above results in turn.

In the experimental side, another important observableghysics iSCP asymmetry, in particular of the
directCP asymmetry. In Table.ll, we list the dire€P asymmetries of concerned modes in different sce-
narios and different cases of tdAémodel. Generally, the strong phases calculable in the QCriaation
are so small that thEP asymmetries are at most a few percent, as shown in the tab®l ve note that
the center values have different signs with the experinhelata. Adding theZ’ contribution, although the
large uncertainties perhaps alleviate the disparitg of— KSO(143®7T, but the large asymmetries in the
B° - K¢~ (14301t andB® — K;0(14307° cannot be explained yet. In S2, B — K~ (1430 " and
B’ - K3%(1430 0, the signs of center values are same as those of data. FodfesitheCP asymmetries
of B~ — KSO(1430)7T in the SM andZ’ model are almost null, which are close to the upper limits>ef e
periment. Considering the large uncertainties, the resdil62 in both SM an@’ models can accommodate
the data, except for the unexpectedly large asymmetB'Oe% K5°(1430) m°, which should be measured
critically in future. However, as pointed out in Ref. [37hdi state interaction may have important effects
on the decay rates and their dir€&® violations, especially for the latter. However, this is beg the scope
of the present work.

Let us now analyze the impact &f on the isospin symmetry breaking. To explore the deviatiomf

the isospin limit, it is convenient to define the followingdlk parameters:

=0 —*0
R = BR(_BO —>K07(1430)n°)’ 31)
BR(B™ — K§™ (1430 11)
R, = BR(B~ —>E§;(1430)n0)’ (32)
BR(B~ — Kq (1430 71)

_ 1(B° BR(B~ — Ky (14307)
= 1(B7) BRE® — K~ (1430 m+) (33)

Because they are the ratios of the branching fractions, ghewuld be less sensitive to the non-perturbative
inputs than other observables discussed before, thelieferaore persuasive to test them in both theoretical
and experimental sides. In the isospin limits, i.e., igngthe electroweak penguiri?;, R, andR3 are equal

to 0.5, 0.5, and 1.0, respectively. So, the deviations reflec magnitudes of the electroweak penguins

directly. The results of SM and the non-univergamodel are listed in Table.lll. In the SM, it appears that
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TABLE llI: Ratios of the branching fractions in the SM and then-universaZ’ model.

S1 S2
R; SM Case | Case ll SM Case | Case ll Expt.
Ry |0.60°003 0.35'003 538 062003 5,05|0.48' 503 0.26" 503" 73 0.48'503" 000 0-35/ 315

+0.04 +0.04+0.33 +0.05+0.02 0.03 0.09+0.26 0.04+0.01
Ro 0'4070.00 0'7070.0970.66 0'3970.0070.01 0'52t0.01 0'8@0.0&0.75 0'52—t0.0170.00

0.03 0.28+0.59 0.04+0.01 0.02 +-0.08+0.27 +0.02+0.01 1-0.36
Rs l'OOtO.OZ 0'87J:0.0570.10 1'00t0.0270.01 0'9%0.03 1'0570.1(FO.21 0'9970.0470.00 1'2570.29

the deviations from the isospin limit are not large in botbrsrios, which shows that the QCD penguins
are dominant. For Case-l of t& model, the new physics just revise the Wilson coefficienel@ftroweak
penguin operators, which could break the isospin symm&wy.the ratios will be changed remarkably in
both scenarios, as shown in the table. In Figure.1, we alssept the variationB; > as functions of the
new weak phase with different X = 0.001,0.005,0.01 in S1 (up panels) and S2 (down panels), so as to
show the effect of two parametexsand@. From the figures, we see that tRg, change remarkably when
X =0.01 and 0005. AsX = 0.001, Ry, almost have same values as predictions of the SM. For Case-
I, the Z’ boson changes the Wilson coefficients of QCD penguins, ssti®pin symmetries are almost
unchanged, as shown in Table.lll. To sum up, the measurenoétiheR will help us determine whether
QCD or electroweak interactions will be changed and therthescorresponding new physics models.
Finally, we will go back to the discussion of two scenarios.aforementioned{; (1430 is regarded as
two-quark state in both S1 and S2, but the only controversshisther it belongs to ground state or the first
excited state. Through calculation and comparison aboedavor the second scenario, which means that
K§ (1430 is the lowest lyinggq state. Namely, the scalar mesons lower th&e\l are four-quark states.

This conclusion is also consistent with those of Refs.[3,152.

V. SUMMARY

Based on the QCD factorization approach, we have investigatthis workB — K; (1430 r decays in
the SM and a family non-universal model. Because the inner structurekgf{1430) is not clear enough,
we calculated the branching ratios under two different adea (S1 and S2). After calculation, we found
that the branching ratios are sensitive to the weak antitnils. In the SM, withpa = 1 andgx € [—30°,30°],
the branching ratios of S1 (S2) are smaller (larger) tharedperimental data. Considering theboson in
two different cases, for S1, the branching ratios are stillaway from experiment. For S2, the branching
ratios become smaller and can accommodate the data in Casé&hase-, the results can also explain the

data but with large uncertainties. Furthermore, the othirésting observables, suchGR asymmetries
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FIG. 1: Ry andR; as functions of weak phagg with differentX in different scenarios and cases.
and isospin asymmetries, are also calculated. Comparéddata, we favor thak;(1430 is the lowest

lying qq state. Moreover, if there existsZdboson, Case-ll is preferable. All above results will beddsh

the B factories, LHC-b and the forthcoming super-B factory.
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