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Pure annihilation type B—>KE';i(143O)K(*):F decays in the family
non-universal Z’ model”
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Abstract: By assuming that the scalar meson K{(1430) belongs to the first excited states or the lowest lying ground
states of qq’, we study the pure annihilation-type decays B—>K3i(143O)K(*):F in the QCD factorization approach.

Within the Standard Model, the branching fractions are of the order of 1078-107", which is possible to measure

in the ongoing LHCDb experiment or forthcoming Belle-II experiment. We also study these decays in the family
non-universal Z' model. The results show that if mz ~600 GeV (¢ =0.02), both the branching fractions and C'P
asymmetries of B’ - K3+(1430)K7 could be changed remarkably, which provides us with a place for probing the
effect of new physics. These results could be used to constrain the parameters of the Z' model.
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1 Introduction

Heavy flavor physics has been a hot topic for many
years in particle physics, since it is important for the
study of C'P violation and also a good place to search for
new physics signals. With more and more data from the
LHCb experiment, many hadronic B decay modes have
been well studied experimentally, but this is not the case
for the theoretical side. Of these decay modes, rare de-
cays with flavor-changing neutral currents (FCNC) are
the most interesting, since they have quite small branch-
ing ratios in the Standard Model (SM), and thus are
more sensitive to any new physics contributions.

In this work, we shall study the impact of a
family non-universal leptophobic Z’ boson on B —
K;*(1430)K™7F decays dominated by FCNCs. In the
SM, the FCNC processes are suppressed since they are
only induced by loop diagrams. The branching fractions
of these decays are predicted at the order of 1073-10~7
[1], which it is possible to measure in the ongoing LHCb
experiment or forthcoming Belle-II experiment, while the
family non-universal Z’ boson leads to tree-level FCNCs,
which may enhance the branching ratios of these decays.
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Motivated by this, many FCNC processes induced by 7’
in flavor physics have been explored extensively in the lit-
erature [2-4]. Furthermore, as it is now unclear whether
the scalar meson K;*(1430) belongs to the first excited
states (Scenario 1) or the ground states (Scenario 2) [5]
of q@’, we have to discuss both cases in the current work.

Unlike the leptonic decays, the non-leptonic B de-
cays are complicated because many degrees of freedom
and scales are involved. Based on effective field theories,
there are three major QCD-inspired approaches for deal-
ing with them, namely, QCD factorization (QCDF) [6],
perturbative QCD (PQCD) [7], and soft collinear effec-
tive theory [8]. In this work, we shall employ QCDF to
evaluate the relevant hadronic matrix elements, as it is a
systematic framework to calculate these matrix elements
from QCD theory, which holds in the heavy quark limit
my— 00.

2 The family non-universal Z' model

The recent discovery at the LHC [9] of a light Higgs
with mass around 125 GeV opened a new window to
physics beyond the SM. In some new physics (NP)
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models [10], when the initial group breaks down to
SU(2)L, xU(1)y of the SM, an extra group U(1)" will
usually be produced, which leads to an additional mas-
sive neutral gauge boson called Z’. If such a gauge bo-
son were observed, it would be concrete evidence of the
existence of NP. Based on the assumption that the Z’
shares similar characters with the SM Z boson, much
effort has been made to search for the Z’ directly by an-
alyzing the dilepton data. Now, at the LHC, the lower
mass limit is 2.86 TeV (1.90 TeV) at the 95% confidence
level at 8 TeV colliding energy with an integrated lu-
minosity of 19.5 fb™" by using ete™ and putp~ [11] (or
Th1™ [12]) events. However, such constraints from the
LHC are invalid if the Z’ boson does not couple or cou-
ples very weakly with the leptons, thus one has to re-
sort to hadronic channels. Although the couplings be-
tween quarks and Z’ are family universal in most models,
the family non-universal Z’ can also be realized in some
models. For instance, such a family non-universal lep-
tophobic Z’ boson can be realized in the Eg model [13].
Phenomenological studies of family non-universal Z’' at
possible colliders have been explored in detail recently
[14].

On the gauge interaction basis, the interactions of the
leptophobic Z’ boson with SM quarks can be expressed
as

£ == 2" Y 0 (v ) Pt (e Paldfs (1)
1)

where the field ; is the ith family fermion and P, r =
(1Fs)/2 are the chirality projection operators. ey,
(€yy) stands for the left-handed (right-handed) chiral
couplings, and they are required to be hermitian because
the Lagrangian is real. When the weak eigenstates are
rotated to the physical basis, the mass eigenstates will
be obtained by ¥ r =V, . wi,R- Correspondingly, the
coupling matrices of down-type quarks read

BEEVdLEdL VdTLa BSEVdRedRVdTR' (2)

Since we do not need the couplings for up-type quarks,
we will not discuss them here. Obviously, if the matrixes
€4, are not proportional to the identity matrix, the
nonzero off-diagonal elements in the Bi‘f appear, which
will induce FCNC interactions at the tree level. For sim-
plicity, the right-handed couplings are often supposed to
be flavor-diagonal. Then, the effective Hamiltonian of
the b—dqq transitions mediated by the Z’ is given by

2Gr g2z 2 L /i L /-
\/5 (g1mz/> Bbd(bd)v*A¥(Bm(qq)V7A

+B§q((lCI)v+A)+h~C~ , (3)

where g;=e/(sinfw cosby ) and mz denotes the mass of
the Z' boson. The diagonal elements BL® are real due
to the hermiticity of the effective Hamiltonian. In con-

Z/
Heﬁ -

trast, the off-diagonal element Bj, might be a complex
number with a new weak phase ¢4, and such a newly in-
troduced phase can be used in explaining the large direct
CP asymmetries in B— Kt [2, 3]. Compared with the
effective SM Hamiltonian [15], the operators of the forms
(bd)y_4(Gq)v_a and (bd)y_a(dq)vya in Eq. (3) already
exist in the SM, so the Z’ effect can be represented by
modifying the Wilson coefficients of the corresponding
operators. Thus, Eq. (3) can be rewritten as

Gr
\/_

+ACTO+AC,OL ) +hec, (4)

HE = =22V VoY (GO +AC;0L
q

where Og‘}gw are the four quark operators existing in the
SM [15]. The additional contributions to the SM Wilson
coefficients at the My, scale in terms of Z' parameters
are thus given as

2 GoMyz 2
ACys = — B (BX® 9 BLI) (5
3(5) 3‘/“)‘/;3 (glle> bd( uu + ss )( )

4 gom ?
ACyir) = — 2% ) BL (BX®_BL®)Y (g
9(7) 3‘/;})‘/;:1 (glle> bd( uu ss ) ( )

From the above equations, we find that both the electro-
weak penguins ACy;y and the QCD penguins AC5s,
will be affected by the new gauge boson Z’. Since the
scale of new physics is expected to be much higher than
that of the electro-weak scale, in order to show that
the new physics is primarily manifest in the electro-
weak penguins, we therefore follow Refs. [2-4] to assume

BXR) ~ _9BL®)  In this case, the Z' contributions to
the Wilson coefficients are
ViVl 1
AC55 =0, ACq(qy =424 (L) gidpa 7
3(5) =45 ¢ (7)
where
2 L pX
X g2mZ Bdess
= X=L,R), 8
o= () || e
$ba = Afg[BEd]- 9)

Finally, we obtain the resulting effective Hamiltonian at
the My scale

4Ge [ gamz \° L. L A@ | pRA@
- \/§ (glmz/> BbdZ(BSSOQ +BSSO7 )

+h.c. (10)
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q

Because all heavy degrees of freedom (including the Z')
above the scale of the W boson mass have already been
integrated out and there are no new particles below myy,
the renormalization group evolution of the above new
Wilson coefficients down to low energies is exactly the
same as in the SM [15].
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Now, we will discuss the ranges of new parameters
¢™® and ¢y,q. Because both the gauge group U(1)y and
the new U(1)’ are expected to originate from the same
large group, the relation g,/g; ~ 1 is assumed. On the
experimental side, if the leptophobic Z’ boson is detected
at the LHC, the mass of the Z’ should be about a few
TeV, which means mgz/my is of the order of O(1071). In
addition, the other parameters | By, |, | BY,| and new weak
phases ¢4 could be constrained by the data induced by
FCNCs. For instance, the mass difference BY and Eg
requires |BLy| ~ Vi, V|- Then, with experimental data
for By nonleptonic charmless decays, Bi:®~1 could be
extracted. As for the newly introduced phase ¢yq, re-
cent discussions indicate that ¢,q = —50° [3]. How to
constrain these parameters globally is beyond the scope
of this work; we will not discuss this topic explicitly
here. So, to probe the new physics effect for maxi-
mum range, we assume ¢ = (% = ¢® €[0.001,0.02], and
¢ra € [—180°,180°], and set ¢ =0.01 and ¢,q = —50° for
the center values.

3 QCD factorization calculation

In the B—K;*(1430)K™¥ decays, none of the quarks
in the final states is the same as those of the initial B me-
son. Therefore they can occur only via annihilation type
diagrams. However, in QCDF, the end-point singularity
usually appears when calculating the annihilation type
diagrams [6]. The most popular way is for the end-point
divergent integral to be treated as an infrared sensitive
contribution that is parameterized by

1

J'ld_—szXA:hl(%) (1+pa€'®r), (11)
0

where the unknown parameters p, and ¢, could be fixed
by the experimental data. This singularity can also be
smeared by introducing an effective mass for the gluon
[16]. We will adopt Eq. (11) in this work.

Within the framework of QCDF, the decay ampli-
tudes of B—K;*(1430)K™F can be written as

—0 G 1
A(B _’KS+K ) = — E )\E)d) foK;;fK (b155+b4+b4,EW)K*+K—+ bi—=bsEw ) (12)
V2 5 0 2 -
p=u,c 0
=0 .. GF () b L
AB —K'Ki") = —= E A4 fefis fic | (D108 +ba4ba mw ) s -+ | ba—5bamw ) (13)
V2 = o 2 B

_ G 1
A(B0—>K3+K**) = 7% Z A;d){—foK;;fK* [(b16§+b4+b4,Ew)Kg+K*+(b4—§b4,Ew) J } (14)
—_. K*~ K}

_ G 1
A(BO_,KwK;f) = 7; Z /\éd){—foKFﬁfK* [(b16§+b4+b4’Ew)K*+Kg+(b4—§b4,Ew) ]}, (15)
K§TK*+

p=u,c

where the building blocks b; and b; gw read

bl = mclAip
C )
b2 - FF;CQA;,
CF 1A ’ i f 1 Af
by = E] [Ch A +CL (A +AL)+N.Cy AL,
C )
by = 7 [CiA+Ci A3,
CF 7 A ’ i f Ay
bs pw = P [CoAL+Cr(AL+AL)+N.Cy AL,
CF ’ i 1Al
b4,EW = m [010A1+08A2] . (16)

The expressions of the functions ALf can be found in
Refs. [5, 17], and the subscripts 1, 2, 3 denote the an-
nihilation amplitudes induced from the (V —A)(V —A),

| (V-A)(V+A) and (S—P)(S+P) operators, while the

superscripts i and f refer to gluon emission from the ini-
tial and final-state quarks, respectively. When listing the
two final state mesons M; M, in the formulas, we use the
first meson M; to refer to one containing an anti-quark
from the weak vertex, and M, to refer to one containing
a quark from the weak vertex. As for the aforementioned
endpoint singularity X, we adopt Eq. (11) with A=0.5
GeV. Note that the recent global fit of py and ¢ to
B—SP, SV implies pp=0.15 and ¢, =82° with x>=8.3
[18]. Therefore, we set pa €[0.1,0.2] and ¢4 €[60°, 120°]
in estimating the uncertainties.

Because both B® and B’ could decay to Kt (1430)K~
and K7 (1430)K*, we then define four decay amplitudes,
A, Az, A; and A; as

Ar=(K; K~ |B°), Ai= (K~ K| B%);

A=(K:"K-|B"), A= (K;"K*|B"). (17)
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Table 1. Branching fractions of B—K(1430)K™*) under different scenarios (1077).

scenario decay modes SM VA

scenario 1 B’ Kt (1430)K 0.9710-5310-23 1.37+0-57+0.30+0.62
Bk (130Kt e SITHRTRR
Bl (30K Rt A0S
B K (1430)K+ 150 44T TR ]

scenario 2 EO—>K’5+(1430)K* 0.5810:45+0.04 0.65+0-50+0.08+0.07

B’ K}~ (1430)K+
B’ Kt (1430)K*~

B’ K (1430)K*+

—0.29-0.02

+0.72+0.79
1'077044770.29

+0.09+0.03
0'117040670.02

+1.26+1.38
1'8470.8370.52

—0.32—-0.03-0.18

+0.71+4+0.774-0.08
1'067044770,2870.06

+0.09+0.04+0.01
0'127040670,0270.02

+1.25+1.3740.04
1'8470.8270.5170.04

Then, the direct CP asymmetry is defined as
B e i . i U
cp= = =
A+ A A AP
On the experimental side, the four time-dependent
decay widths are given by (f=K;TK~ and f=K; K%)

(18)

(B (1) —f) = e S (A +|AP)

X [14+Crcos Amit—S;sin Amit],

() 1) = o 5 (| A+ Adf?)
X [1—CgcosAmi+SsinAmit],
(B (6)—F) = e~ 2 (| Axl*+|Aef?)

X [14+Cgcos Amit—Szsin Amit],

— 1 _
DB (6)—1) = e " (| A+ A)
x[1—=CrcosAmt+SgsinAmt].  (19)
In the above functions, Am means the mass difference of
the B? /EO meson, and I" is the average decay width of
the B meson. The auxiliary parameters C; and S¢, which
can be extracted from the data, are given by

| A2 —] A |?
Cp = L 20
f |Af|2+|Af|27 ( )
S = —————~ 21
O A A2 (21)
Vi Vi A
A = —. 22
LT Vi Vi A (22)

The definitions of Cf and St can also be obtained by re-
placing f with f. In order to show the implications of the

above four parameters, we usually use the following four
new parameters:

1
C=3(Ci+Cr), AC=3(Ci—C), (23)

[ I

5:%(5f+s¥), AS=1is—80). (24)

2

Physically, S and C are related to the mixing-induced
CP asymmetry and the direct CP asymmetry, respec-
tively. Moreover, AC' and AS are C'P-even under C'P
transformation A\ —1/)z.

4 Numerical results

Using the parameters of Refs. [5, 17, 18], with and
without the Z’ boson, we present the predicted branch-
ing ratios of B—K;*(1430)K™ 7T under different scenar-
ios (K;*(1430) as the first excited states or the ground
states) in Table 1. The SM predictions are also listed
for comparison. Within the PQCD approach based on
the kr factorization, Liu Xin et al. have studied these
decay modes [19]. Comparing their results with ours,
we find that their results for branching ratios are larger
than ours by 1~ 2 orders of magnitude. Currently, we
cannot determine which approach is better, but we hope
that future experiments can test these two different ap-
proaches.

From Table 1, for decay modes B® —K;*(1430)K*)—,
the differences between Scenario 1 and Scenario 2 are
very small, so it is hard for us to discriminate the two
different scenarios using these two decays. In contrast,
the branching fractions of B® — K;~(1430)K®™)* under
Scenario 1 and Scenario 2 have large differences, so if
these two modes can be measured precisely they may
be used to determine whether K(1430) belongs to the
ground states or the first-excited states.
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Table 2. The CP-violating parameters Acp, C, AC, S and AS of B—>K3(1430)K(*).

parameters KSiK:F KSiK*:F
scenario-1 scenario-2 scenario-1 scenario-2

Acr TR 09T, 09T SR
07RO 020 TR 001 G RI 0] 087U R0

c 004791002 002050 0015, DoIGa s
002 GRS 00278240010 001 GRS 0037820002

ac T 0255084012 002G 8H 00! 0110
001100 02710 00T R0 TR St

s i35 0363458 00158 0020458
DOrSREIIIE ot 0ot 002131581032

AS —0.8475057005 —0.207515 016 0987505600 —0.917565 7003

+0.02+0.01+40.19
_0'887040270.0270.03

+0.14+0.114-0.19
_0'267041170.1870.05

—0 98+0AOO+0.00+0.02

OO0+ 0-00+0-02 _0_92+0A03+0.03+0.02

—0.02—-0.03—-0.02

In Table 2, we list our predictions for Agp, C, AC,
S and AS for the final states K{TK~ and KjTK*~, un-
der the two different scenarios in both the SM (upper
values) and Z’ model (lower values). For all results, the
first errors are from the uncertainties of the decay con-
stants and the light-cone distribution amplitudes of final
states, the second errors come from the p, and ¢,, and
the last errors in the Z’ model are the results by scanning
the possible ranges of ¢ and ¢,q. From the numerical re-
sults, we find that the largest uncertainties are from the
pa and ¢,. This is in contrast with other decay modes
dominated by the spectator diagrams, whose uncertain-
ties from the above two parameters are small. Unlike
branching fractions, the C'P asymmetry parameters are
not sensitive to non-perturbative hadronic parameters,
where these uncertainties are canceled because they are
ratios of different amplitudes. Therefore, these parame-
ters are more sensitive to the effects of NP.

In order to show the effects of Z' clearly, in Fig. 1
we plot the variations of the branching ratios as func-
tions of the new weak phase ¢q with different (=0.001,
0.01, 0.02 under the different scenarios. Including the
newly introduced Z’ boson, one can see that if ( <0.01
the effects of Z’ are not large enough to be detected in
these four decay modes, because the new physics contri-
butions are buried by the large uncertainties of hadronic
parameters. If ¢ is around 0.2, the branching fraction
of EO—>K3+(143O)K* under Scenario 1 changes remark-
ably to reach 2.0x10~7, which could be measured in the
forthcoming Belle-1I experiment.

The relations of the direct CP asymmetries AJL,

C, AC, S and AS with ¢pq with different ¢ are pre-
sented in Fig. 2 and Fig. 3, for B — K;*(1430)K¥ and
B — K;*(1430)K*F, respectively. From Fig. 2, the ob-
servables of C'P asymmetries are much more sensitive to
the Z’ than the branching fractions. For example, under
Scenario 1, the direct asymmetry of EO—>K3*(1430)K¢
is 79% in the SM, while it would change to 49% with the
7' boson. In future, these observables could be used to
probe the effects of new physics. If the Z’ were detected
in the colliders directly, these decays would also be useful
to constrain the couplings.

5 Summary

Within the QCD factorization approach, we have
studied the pure annihilation type decays B —
K;*(1430)K™7 in the SM and the family non-universal
leptophobic Z’ model. Both the branching fractions
and the C'P asymmetry observables have been calcu-
lated. The branching fractions we predict are 1-2 orders
of magnitude smaller than the results from the PQCD
approach. When the Z’' is involved, if myz > 1 TeV
(¢ <0.01), its contributions will be buried by the large
uncertainties of the SM. If my =~ 600 GeV ({ = 0.02),
both the branching fractions and C'P asymmetries of
§0—>K3+( 1430)K~ could change remarkably, which pro-
vides us with a place for probing the effects of new
physics. We hope that these results can be tested in
Belle-II, LHC-b or the future high-energy circular collid-
ers.
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Fig. 1. (color online) Branching ratios of B—K;* (1430)K*)¥ as functions of the weak phase ¢1,q under different sce-
narios. The dotted (red), dashed (orange) and dotted-dashed (blue) lines represent results from ¢=0.001, 0.01, 0.02,
and the solid lines (black) are the SM predictions.
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the weak phase ¢pq under different scenarios. The dotted (red), dashed (orange) and dotted-dashed (blue) lines

represent results from the (=0.001, 0.01, 0.02, and the solid lines (black) are the SM predictions.
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Fig. 3. (color online) C'P-violating parameters Acp, C, AC, S and AS (%) of B — K;(1430)K™ as functions of
the weak phase ¢pq under different scenarios. The dotted (red), dashed (orange) and dotted-dashed (blue) lines
represent results from the (=0.001, 0.01, 0.02, and the solid lines (black) are the SM predictions.
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