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Abstract: In a combined investigation of B — K™t~ decays, constraints on the related couplings in family
non-universal Z’ models are derived. We find that within the allowed parameter space, the recently observed
forward-backward asymmetry in the B — K*1T1~ decay can be explained by flipping the signs of the Wilson
coefficients CST and C1o. With the obtained constraints, we also calculate the branching ratio of the By — putp~
decay. The upper bound of our prediction is nearly an order of magnitude smaller than the upper bound given

by the CDF Collaboration recently.
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1 Introduction

B — K®I1*1~ decays play a very important role
in heavy flavor physics. At the quark level, these
decays involve the flavor-changing neutral current
(FCNC) of the b — s transition, which is a purely
quantum loop-mediated effect in the Standard Model
(SM). These decay modes have therefore been pro-
posed to test the SM predictions [1]. In addition
to the branching ratio, several observables of the
B — K*IT1™ decay, such as the longitudinal po-
larization fraction, the forward-backward asymme-
try (App), the isospin symmetry and the trans-
verse asymmetry, have been proposed to probe pos-
sible new physics (NP) [2]. Various NP models
have thus been scrutinized for their effects on these
observables [3].

A few years ago, the forward-backward asymme-
try of B — K*1*1~ was first observed by the Belle
Collaboration [4]. The BaBar Collaboration also pub-
lished its results in this channel earlier this year [5, 6].
Recently, the Belle Collaboration updated its mea-
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surements in B — K®1+1~ decays [7]. In these exper-
iments, forward-backward asymmetry is measured as
a function of ¢ = M2¢?, the invariant mass of the lep-
ton pair. In comparison, BaBar only has two ¢ bins
of data, while Belle has six. Their fitted Arp spec-
trum is generally higher than the SM expectation in
all ¢? bins. This inspired us to do further investiga-
tions on these decays and see whether any NP models
can better explain the experimental data.

In this paper, we consider a class of family non-
universal Z' models that induce FCNC’s at tree level
[8]. In such models, fermions in different families have
different couplings to the Z’ boson in the gauge ba-
sis. After rotating to the physical basis, off-diagonal
couplings are generally produced, inducing FCNC’s
at tree level. These FCNC couplings are subject to
strong constraints from low-energy experiments. The
phenomenological aspects of such models have been
extensively analyzed by various groups in recent years
[9-13]. In particular, the possible Z’-b-s coupling has
received a lot of attention because it may explain
some of the puzzling B physics data. Based on the
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previous analysis, we study whether the recently ob-
served B — K®IF1~ data can be accommodated
within this model as well.

This paper is organized as follows. In Section. 2
we first review the B — K®1t1~ decays in the SM,
and in the course of this we define the quantities rel-
evant for the calculations, such as form factors, effec-
tive Hamiltonian, explicit formulas of the amplitudes,
decays widths and forward-backward asymmetries.
In Section 3 we describe the Z’ model with tree-level
FCNC’s and deduce its effects on the B — K®1*1~
decays. We then use the observables to constrain the
model parameters. We find that the observed data

in B — K®1t1~ can be accommodated in such a Z’ |

model. We also predict the range of Br(B, —ptu™)
based on the constrained parameter space. Finally,
we summarize our findings in Section 4.

2 B—K®1tl~ decays in the standard
model

2.1 Parametrization of the hadronic transi-
tional matrix elements

The semileptonic decays investigated here involve
hadronic matrix elements representing the B — K
transitions. Therefore, we first define the B — K form
factors as follows:
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where ¢ = pg — p is the momentum transfer to the lepton pairs. The B — K* transitional form factors are
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In the calculations of the semileptonic decays, we
need the ¢? dependence in the form factors. For
B — K* transitions, we adopt the dipole model
parametrization for the form factors:

F(q2):1 2 Z2:(0) 2 /2 )2’ (3)
—a(q?/mg)+b(g?/m3)

where a and b are parameters to be determined. We

calculate the form factors in the PQCD approach

[14] near the ¢* = 0 region, where the K* meson re-
coils very quickly, and determine their values at some
points. Then we extrapolate our results to the en-
tire kinematic regime through fitting. Our results in
the PQCD approach, as well as those obtained using
QCD sum rules (QCDSR) [15], are listed in Table 1.
In our calculations we mainly use the PQCD results.

Ly )

my — My«

| The QCDSR results are included only as a compari-

son because we do not have the explicit errors on the
QCDSR results.

For the form factors of the B — K transition, we
adopt a different parametrization:

F(¢*) = F(0)explei(q®/mf) +c2(q® /mi)?

+es(q®/mg)*], (4)

because the authors of Ref. [16] find that in their fit-
ting, the extrapolation of the dipole parametrization
to maximum ¢? is prone to reach a serious singular-
ity below the physical cut starting at ¢ = m%. The
values of the parameters in the B — K form factors
[16] are listed in Table 2.
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Table 1. B— K* form factors in the PQCD approach and QCD sum rules (QCDSR).
PQCD QCDSR [15] PQCD QCDSR [15]
Vv (0) 0.26 0.458 T1(0) 0.23 0.379
a(V) 1.75 1.55 a(Ty) 1.70 1.59
b(V) 0.68 0.575 b(Ty) 0.63 0.615
Ao (0) 0.30 0.470 T(0) 0.23 0.379
a(Ag) 1.72 1.55 a(Ty) 0.71 0.49
b(Ap) 0.62 0.680 b(Tz) —0.19 —0.241
A1(0) 0.19 0.337 T5(0) 0.20 0.261
a(Ay) 0.79 0.60 a(T3) 1.58 1.20
b(A1) ~0.09 ~0.023 b(T3) 0.49 0.098
As(0) 0.283
a(Az) 1.18
b(Az) 0.281
Table 2. B — K form factors in the light cone Oy = Qem (177“[) (57*(1—5)b),
sum rules with parametrization, Eq. (4). 2n
F(0) C1 C2 3 Oy = Cem (€7u70€)(§7ﬂ(1 _75)b) ) (6)
11 0.319 1.465 0.372 0.782 2
Fo(a?) 0.319 0.633 —0.095 0.591 where a and [ are color indices, q=u, d, s, c,
Fr(g?) 0.355 1.478 0.373 0.700 (0102)v-a(B3q4)v—a = [@7"* (1 —75)q2) (@57, (1 —75)qul,
(

2.2 Effective Hamiltonian and decay ampli-
tudes

At the quark level, the B — K™1+1~ decays are
dominated by the b — sl™1~ transition, the Hamilto-
nian for which is given by

Heff = ‘/tb

ZC (5)

where Vi, and Vi, are the Cabibbo-Kobayashi-
Maskawa matrix elements and C;(u) is the Wilson
coefficient evaluated at the scale u. The local opera-
tors O;(p) are given by [17]
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¥5)qal-
With the above Hamiltonian, the amplitude of the

b — sltl~ transition can be written as
A(b—slt17)
GF Qlem

= Wk Viv ts{oeff( )[5'}%(1_75)(7][@7“6]

+Cho[57, (1 —5)b] [0 751

—2my, Ot [siaw%(l +75)b] [0y+e]

v

e e q 0,
—2m O [sww P (1- 75)b} [e~v*) } , (7)
where my, is the b quark mass in the MS scheme. The
Wilson coefficients C£™ = C;—C5 /3—Cs and C§'f con-
tain both the long-distance and short-distance contri-
butions:

C5™(q*) = Co(u)+Ypere (¢*) +Yin(q®).  (8)

Here Y. represents the perturbative contribution,
and Yip is the long-distance part containing contri-
butions from the resonant states and can be excluded
by experimental analysis. Thus we will not include

Yip in our calculation, and

Cs"(q%) = Co(1)+Yoere (¢*), 9)

with the detailed form of Y, given in Ref. [18]. The
values of the wilson coefficients in SM are listed in
Table 3.
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Table 3. Values of Wilson coefficients C;(my,) in the leading logarithmic approximation, with mw =80.4 GeV,
f+ =1 pole [17].
Cy Ca Cs Cu Cs ceft Co Cho
1.107 —0.248 —0.011 —0.026 —0.007 —0.031 —0.313 4.344 —4.669

The B — K*I™1~ decay is more complicated be-
cause of its polarization structures in the final state.
We will use the helicity basis. By re-expressing the
metric tensor

Gow == eu(Nes () + L2 (10)

2
X q

we can decompose the amplitude A(B — K*1717) into
the Lorentz-invariant leptonic part L(L/R,\) and the
hadronic part H(L/R,\):

AB - K1) = L, (L)H,(L)g" + L,(R)H,(R)g""

= =Y L(L,NH(L,))

=Y L(R,NH(R,N). (11)

The details have been given in Appendix C of
Ref. [19]. The explicit formulas of the functions
L(L/R,\) and H(L/R,)) are listed in Appendix A.

2.3 The decay widths and branching ratios

With the form factors given in Section 2.1 and
Eq. (7), we obtain the dilepton spectrum of B —
K11~ as

dr;(B—KIt17)
dg?

_ GV’ |Vie P, A
1536°m3,

{|Clof+(q2)|2

N 205 (my, +my)

meg +mK

+|C5" f4(q?) fr(q?)

where

A = (mg. +my—q°)° —4mpmy.

2}, (12)

(- P -k (13)
Br(B—KI'l") = {

Br(B—K*1t17) = {

—5.5

For the B — K*1*1~ decay, we define the direction
opposite to the momentum of the K* meson in the
rest frame of the B meson as the +z direction. In
the center-of-mass frame of 1717, 6, is defined as the
angle between the z axis and the momentum of 1~.
In the experiment, the K* meson usually decays to
the Kt final state. We define the angle between the
decay plane K* — K7 and the plane determined by
1717 as ¢. Combining the leptonic amplitudes, the
hadronic amplitudes and the phase space, the partial
decay width of B— K*1*1~ is given by

dr,(B —K*1117)

VA . o
= 02y deostrdeda |A;i(B— K1t

VA 2 . (2
= mdcosﬁldgbdq (|L(L7Z)H(L7’L)‘

+L(R,A)H(R,i)]?) , (14)

where i =0,4 or — denotes the three different polar-
izations of the K*.

After integrating out 6, and ¢ in Eq. (14), one ob-
tains the dilepton spectrum of the B — K*1T1~ decay
as:

dri;(B—K*1"17)
dg?

2
= %[IH(LJ)IQHH(R@IQ]. (15)
In Section 2.2, one can find that among the Wil-
son coefficients only C§™ has the ¢* dependence. The
dilepton spectra of B — K®1*1~ decays are shown in
Fig. 1, with and without Y.(¢?) in C& included.
After further integrating out the ¢?> dependence, we
obtain the total branching ratios:

(4.701527) x 1077 (¢? part in CT included),

(4.457522) x 1077 (¢? part in CgT excluded),

(16.51%3) x 1077 (¢* part in CF included),

(15.8772) x 1077 (¢? part in CST excluded).
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dBr(B to KI'I™)dg® (x107%)

0 & | 1 1 |

dBr(B to K*I'17)dg® (x107%)
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(]f:
Fig. 1.

0 5 10 15

¢*-dependence of the branching ratios of the B — K171~ (left plot) and B — K*1*1~ (right plot)

decays. In the left plot, the red solid (blue dashed) curve stands for the dilepton spectrum with (without)
the Ypert(¢?) part included in C§%. The right plot shows the spectrum predicted in PQCD and QCDSR
with and without the Ypers(¢?) part in Eq. (9). The black solid (red long dashed) curve is the PQCD result
with (without) Ypers(¢®) and the blue short dashed (pink dotted) curve is the QCDSR. result with (without)
Ypert (qz). In the curves where Ypm(q2) is included, a kink shows up because it is a piecewise function.

These predictions are to be compared with the exper-
imental results [7]:

Br(B—KI*l")= (4.8"05+0.3) x 107", 1)

18
Br(B—K*1'17)= (10.77],£0.9) x 10~".
From Fig. 1, Eq. (16) and Eq. (17), one finds that the
Y,ert (¢%) piece in C§T has a small effect on the branch-
ing ratios in comparison with other uncertainties. To
simplify the notation, we define Cf = Y,ert(¢?), and
thus C¢f = Cy + Cf. The differential branching ratio
of B — KI*1™ is then decomposed into the following
form
dBr(B—KI*t1)
dq?

= |Ciol* By +|Cs™ | By +|C5™ |* By + 2Re[Cs O] B,
= |C1o* B, +[|Co|> +|Ch|? + 2Re[Co Cf]) B,

+|C2 > By 4-2Re[(Cy + Cy ) CE"* By, (19)

After the integration over ¢?, Eq. (19) can be rear-
ranged as

Br(B—KI'1") = [Cyo|*By +|Co|*B.+|C5"* By
+2Re[Cy CE*] B, + 2Re[Cy | Bs

+2Re[CS"] Bg + By, (20)

where B (Bg, Br) contains the integration of Re[Cy]
B, (Re[C})B,, |C42BY). Similarly, Br(B — K111

dApp
d¢? 3

—[H(L, H)*+|H (R, +)]* +[H(L, —) [ — [H(R, —)|*

is decomposed as
Br(B—K"1*1") = |Cy[*B; +|Co[* B; +|Cs" | B;
+2Re[CyCE™] B +2Re[Co | B:
+2Re[CSM B + B:. (21)

The values of BJ(-*) with 7=1,2,3,...,7 are, in units of
107% (1077),
By, = 1287539 B, =B, Bs=4.417}4
B, = 2.33707, By =0.3173%, By =0.581013,
B; = 018750 By =0.4170%  B; = B;,
B; = 12.7475%  Br =0.84704% Br =0.0910%
B; = 0181070, By =0.0410:0. (22)

These values will be used to constrain the cou-
plings in the 7Z’ model later. From Fig. 1 and
Egs. (A7) to (A12), one can find a pole at ¢ = 0
in dBr(B—K*1T17)/d¢®>. That is why Bj is much
larger than the others.

2.4 The forward-backward asymmetry

The differential forward-backward asymmetry of
B — K*1*1~ is defined by
dArs J ' da2r

2
I

dcost) ———— — dcosf ————
0 €08 "dg2dcosb, rl o8 "dg2dcosb,’

(23)

dq?

while the normalized differential forward-backward
asymmetry is defined by

d¢> Al 4[H(L,0)2+[H(R,0)2+[H(L,+)]>+|H(R,+)]*+ [H(L,—) P +|H(R, -)[*’

dg?

(24)
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Substituting the expressions in Egs. (A7) to (A12)

dA
into Eq. (24), we get the explicit expression for 3 FQB
q
as follows:
dA 3N (¢?
dg*>  4D(g)
where

N(*) = [V PIVEPGRaluVAG {=RelCu] C5 ',
x[(ms +mx-) A (¢*)T (¢)
+(mp —mi-)Ta(q*)V(q°)]
+Re[C5CLl[-¢°V (¢*) Av(a®)]},

D(q*) = 2m*(q*)*[|H(L,0)]” +|H (R,0)|”
+H(L,+)+|H(R,+)
HH(L, =) +|H(R,-)[]. (26)

In the above expression, terms suppressed by m, are
dropped for simplicity. As can be explicitly checked,
the pole in the dilepton spectrum at ¢* = 0 disappears
in the denominator.

According to Eq. (26), the numerator of dAgg/dg?
is zero at ¢ = 0 because of the common factor ¢,
while the denominator has a non-zero value because
its common factor (¢?)? cancels with the (¢*)* fac-
tor arising from Eqgs. (A8), (A9), (A11) and (A12).
Thus dAgpg/dg* =0 at ¢*> = 0. In the SM, C< <0,
Cs™ >0 and Oy < 0; thus the first term in the curly
bracket of N(¢?) is negative and the second term is
positive. In the regime where ¢ is near zero, the
first term gives the dominant contribution since the
second term is suppressed by the small ¢q?. There-
fore, the sign of dAgg/dg? is determined by the first
term and gives a negative value. As ¢? increases, the
second term becomes dominant. There exists a point
where dApg /dg? becomes zero: the so-called forward-
backward asymmetry zero. The position of the zero
is determined by C£T and C§", as the form-factor
dependence drops at the leading order [2]. As ¢ be-
comes even larger, the effect of the overall factor v/\
becomes crucial. Eq. (13) tells us that A =0 at the
largest recoil where ¢*> = (mp — mg~)>. Therefore,
dAgp/dg? falls back to zero at the end of the kine-
matic regime. All these behaviors of dApg/dg? can
be observed in Fig. 2. The red dashed curve is drawn
with the contribution of only the second term in the
curly bracket of N(g?). This shows the importance of
C<™ in the low ¢ regime.

Fig. 2.
B — K*IT1™, with form factors given by the
PQCD approach. The black solid curve is
given with SM C7 and the red dashed curve is
given with C7 =0.

The forward-backward asymmetry for

However, the latest Belle data [7] do not show an
obvious zero for dArg/d¢?, and the values at all ¢*
are consistently higher than the SM expectation. A
common solution is to flip the sign of C¢™ as it is still
consistent with the constraint from B — X,y data. In
the next section, we offer an alternative solution in
the family non-universal Z’' model.

3 Constraints on the couplings in Z’
physics

3.1 b—slTl- in the Z’ FCNC model

In the appropriate gauge basis, the U(1)’ currents
are

Jy=q Z@ﬂ“ e/ P+ €™ P, (27)

where 7 is the family index and 1 labels the fermions
(up- or down-type quarks, or charged or neutral lep-
tons), and P, g = (1F75)/2. According to some string
construction or GUT models such as FEg, it is possi-
ble to have family non-universal Z’ couplings. That
is, even though e-™ are diagonal, the couplings are
not family universal. After rotating to the physical
basis, FCNCs generally appear at tree level in both
the left-handed (LH) and right-handed (RH) sectors.
Explicitly,

BUt =V, V] | BYR=V, e"V] . (28)
Moreover, these couplings may contain C P-violating

phases beyond that of the SM.
In particular, Z’'bs couplings can be generated:

L% o =—0 (BY517,bL+ B 5r7y,br) 2™ +hec.. (29)

The couplings in Eq. (29) lead to extra contributions
to the b — sl™1~ decay at tree level, mediated by a
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virtual Z’ boson. The amplitude is given by

2

g
M2,

(Bi_lbgL’YMbL + le,’]{ggR/yHbR) (BITTEL’}/HZL

There are thus four types of operators, Or1,, Opr, Ory
and Ogrgr. The above amplitude can be derived from
an effective Hamiltonian

’ 8G _ — 7
HZy = T;(pngL’yubL+p§,SR7MbR)(pﬁ€L'7H£L

+on e ), (31)
where
Lr_ 9 Mz 1r
S ==—=DBZ", 32
pff gMZ/ ff ( )

and ¢ is the coupling associated with the SU(2).
group in the SM. Throughout this analysis, we ig-
nore the renormalization group running effects due
to these new contributions because they are expected
to be small.

3.2 Constraints from the B— K®1*1~ decays

For the purpose of illustration and to avoid too
many free parameters, we assume that the FCNC
couplings of the Z’ and quarks only occur in the LH
sector. Therefore, p& = 0 and the effects of the Z’
FCNC currents simply modify the Wilson coefficients
Cy and C}y in Eq. (5). We denote these two modified
Wilson coefficients by C;ff’z, and Clz(;, respectively.
More explicitly,

4rRe[pl,] (pii + p1)

Re[G5™"'] = Re[Cy"] - == A2,
ts “tem

_ Amdm(pg ] (pi + pit)
‘/tb ‘/t: Qe ,

Tm[C5" ] = Tm[C5"]

4mRe[pk ] (ol — pif)

Re[CH)] = Cio— ViV a ;
ts —em

_ Andmpg (it — pii)

Im[CT}] = VeVra
ts—em

(33)

For simplicity, we further assume that p% is real.
Then the imaginary part of C§™ will not be affected
by the Z’ model, and C% is still a real number.
First, we consider the constraint from the spec-
trum of dApg/dg®. In order to fit the experimental
data, a sign flip is needed for d Apg /dg? near the ¢ =0
regime. People usually consider the flipped-sign so-

lution with C; = —CSM| because it is still allowed by
the B — X,y data. However, an alternative solution
is to flip the signs of C¢™ and O, instead, as is pos-
sible in our model. Below Eq. (26), it is noted that
in this regime the term proportional to Re[C}o]CS®
dominates. Therefore, one can flip the sign of C}y:

Re[C%]>0. (34)

Moreover, in order to keep the second term in the
curly bracket of N(g?) with the correct behavior, we
also need to flip the sign of Re[C§]. Thus, we require

Re[CS™7] < 0. (35)

Egs. (34) and (35) are the constraints from the d Apg/
dg? spectrum obtained by the Belle Collaboration
(see Fig. 1 in Ref. [7]).

Next, we consider the constraints from the
branching ratios of the B — K®)1*1~ decays. These
constraints are obtained in the following way. After
including the contributions of Z’, the upper (lower)
bound of the theoretical predictions should be greater
(smaller) than the experimental lower (upper) bound
at the 20 level. When we deal with the experimental
data, we add the statistical and systematic errors in
quadrature. With Egs. (21) and (22), we have the
following branching-ratio constraints:

BR(ICH P +1CY 1)+ Bs) |C5" P + B Re[CY C5'™)

+BS)Re[CF |+ BG)Re[C] + BY) > Bri?) — 207,
(36)

By (ICK 1P +1CF )+ By | G5 > + By Re[CF €]

+B{ Re[CZ ]+ B Re[CE™| + BYY < Bré) +20(,
(37)

where quantities with a star in the superscript are for
the B — K*1*1~ decay, the letters “u” and “I” in the
subscript represent the 1-o upper and lower bounds
of the corresponding quantity Bi(*), respectively, and
Br{;) denote the central values of the B — K®*1*1~
branching ratios.

Moreover, C% = Cy 4 x with Y. (¢?) excluded,
and C% = Cy+y, where

_dmRepg,] (i +p1)

= 38
* ‘/tb ‘/t: Qem ’ ( )

_AnRe[pg] (o — 1)
‘/tb ‘/t: Kem .
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Then Egs. (36) and (37) can be rearranged as

By (z+ ")+ Bi) (y+ Cu)*
+C > Brl) — 201, (40)

exp

BY (z+ T2+ By (y+Cho)?

+C < Bri) +200, (41)
where
(%) 2352)/109 + Biz)ﬂC?ﬁ + Béf,)/l
e 28, |

(x) _ pb) M2 (*) ef f\2 () reff
Cu/l - Blu/IOQ +B7u/1(07 ) +B4u/lc7 09
+B{),Co+ B, O+ By,

* *)\ 2
~Bip(Tu0) (42)
Substituting all the numerical values in Eqgs. (34),

(35), (40) and (41), we have
w < —4.344, (43)

y > 4.669, (44)
1.58(z+3.99)%+1.58(y — 4.669)2 — 37.88 > 0, (45)
1.05(z+4.01)*+1.05(y — 4.669)> — 59.58 < 0, (46)
0.61(2+3.89)>+0.61(y—4.669)>—6.38 >0, (47)

0.26(2+4.11)>+0.26(y — 4.669)*> — 12.81 < 0. (48)

Egs. (43)—(48) give the constraints on = and y, which
are shown in Fig. 3. The common area of the above
six conditions is outside the red solid circle and inside
the blue long dashed circle, to the left of the solid ver-
tical line z = —Cy and above the solid horizontal line
y=—C}o. This area gives

exp

— (B + 20, =G [BL - T S0 5o,
(49)
-CiwsSys \/(Br;xp+2o.lj_cl*)/Bikl —Cho.

With Egs. (38) and (39), we have

[\/(Bri, 4205 = C)/ Bty = Cuo = G| K S Relpl o

exp

|- (Brig+200-Cr)/ By~ T = Cu| K,

[Clo - 09] K=< Re[ﬂ?b]ﬂﬁ

S [-2y/(Brig, +20: - Cr)/Bi~ Ty +Cu| K. (50)

exp

with K = (Vi, ViZaem)/(47). In the quark sector, the

couplings in Eq. (29) also lead to an NP contribu-
tion to BY-B? mixing at tree level. In Refs. [20, 21],
it is assumed that only the LH sector of the quarks
has family non-universal U(1)" couplings, as in the
current analysis. Thus, only the LH interaction in
Eq. (29) contributes to B%-B? mixing. They find that
one can reproduce the measured value of AM; if

Pl S 1077, (51)

As a rough estimate, here we take p5 = 1073, To-
gether with Eqs. (38), (39) and

Vip =0.999176, Vi = —0.03972, e =1/137, (52)

we obtain
—-0.27 < plLl <-0.11, (53)
—-0.08 < pﬁ <0.09. (54)

We should emphasize that these parameter ranges
are obtained with some assumptions and the current
data. In particular, we have used a particular value of
p% for our illustration. Once new experimental data
or theoretical inputs are available, these constraints
can easily be updated with our formulas. In Fig. 3 we
also give the constraints from Ref. [13]. In their pa-
per, the authors gain the constraints by making the
experimental and theoretical values of B — X 1t1~
agree with each other in lo. However, we get our
constraints in 20. For a comparison, in Fig. 3 we
simply extrapolate their results to 20. One can find
that if we drop the constraint conditions of flipping
the signs of C$% and C),, we agree with each other.
However, if the App is expected to behave as how
we get constraints (34) and (35), the constraints in
Ref. [13] are too tight to satisfy the conditions.

In Fig. 4 we use the black dot from Fig. 3, where
both C¢¥(¢?) and Cy, flip signs from their SM val-
ues, to predict the dApg/dg? spectrum in our model.
Since C§%(q?) is ¢*-dependent, the plot in Fig. 3 is
plotted with Cy and C), flipping their signs. The
points that flip the signs of C§'(¢*) and C) should
be very close to this point. It is interesting to note
that the red dotted curve in Fig. 4 is identical to
the usual flipped-sign solution. This is not surprising
because flipping the signs of both C§"(¢?) and Ci, si-
multaneously is equivalent to flipping the sign of CSf,
which can be seen from Eq. (26). This indicates that
by considering only the branching ratios and forward-
backward asymmetry of the B — K®1*1~ decays, it
is insufficient to determine which operators are sig-
nificantly modified by the NP.

Now a comment on the form factors is in order.
Because of the nonperturbative effects, we cannot get
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Fig. 3. The constraints from the branching ra-

tios of the B — K™1+1~ decays. The areas
outside the red solid and yellow short dashed
circles are determined by Egs. (45) and (47),
respectively. The areas inside the pink and
blue circles are determined by Egs. (46) and
(48), respectively. The areas to the left of the
line £ = —C9 and above the line y = —C1o
are determined by Eqs. (43) and (44), respec-
tively. The black dot is where both Cy and
Cio flip signs from their SM values. The two
rectangles, corresponding to S1 (the large rect-
angle) and S2 (the small rectangle) in Case
III, are the constraints given by Ref. [13].
One can see that their constraints are con-
sistent with our constraints from the branch-
ing ratios. However, their constraints are not
enough to change the signs of C9 and Cho.

good results for the form factors when ¢? is large. In
either PQCD or light cone sum rules, the form factors
are obtained in a region where ¢? is small and then
extrapolated to the entire kinematical region through
fitting. As a result, whether the form factors can be
described well by the parametrization formula in the
large ¢* region is questioned. In fact, the accuracy
of the parametrization formula becomes worse as ¢
increases. Therefore, we do not think the theoretical
predictions at large g2 are reliable enough. This may
explain why the experimental values are still slightly
larger than the theoretical predictions in the large ¢>
regime, as shown in Fig. 4.

A closely related decay mode to the current anal-
ysis is the By — utu~ decay. This mode has been
searched for with great interest at Tevatron. The up-
per bounds on the branching ratio at 95% confidence

0.8

0.4

0.2

=02

P

Fig. 4. Forward-backward asymmetry in
QCDSR (red dotted line) and PQCD (black
solid line) with Cy and C1¢ flipping their signs
(the black dot in Fig. 3). The points with er-
ror bars are the experimental results from the
Belle Collaboration [7].

level are given by its two experimental groups as

Br(B, — utu") <5.8x10"%(CDF) [22],
Br(B, —utu ) <1.2x10°7(D@) [23].

The branching ratio of By — putu~ is affected in our
model. With the inclusion of the Z’ contribution, the
branching ratio is given by [17]

Br(B,—pu”)

G2 4m?2
_ F £2 2 '8 * 2
= Too o fe.mime, ([1— —m% |V Vil

< m} ) o Poe (Pt — Pii)
miy Vit Vis
where all the functions and symbols are defined in
Ref. [17]. With the constraints in Eq. (49), we find
that the upper bound for this branching ratio is

2

, (56)

‘ a

2
27sin” Oy

Br(B,—utu ) <7.9x107°. (57)

Note that the upper bound of the range is still smaller
than the current upper bound given by the CDF Col-
laboration.

4 Summary

We considered the contributions of family non-
universal Z' models with flavor-changing neutral cur-
rents (Z' FCNQC) at tree level in B— K®1*1~ decays.
By requiring that the theoretically predicted branch-
ing ratios agree with the current experimental data
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within two o’s, we obtain the constraints on the cou-
plings in the Z’ FCNC model. We find that within
the allowed parameter space, our model has the po-
tential to explain the forward-backward asymmetry
of the B— K*11~ decay, as better determined by the
Belle Collaboration recently. Moreover, our Z’ model
contributions flip the signs of C§* and C),, which
differs from the usual new physics contributions that

Appendix A

Functions for the leptonic and hadronic part

flip the sign of C£f.
compute the branching ratio of the By — uTp~ decay.

Using the constraints, we also

The upper bound of our prediction is near the upper
bound given by the CDF Collaboration.

C.-W. C. would like to thank the hospitality of
IHEP, Beijing, where this project was initiated, dur-
ing his wvisit.

L(L,0) = 2y/¢?sinb, (A1)
L(L,+) = —2\/5\/q_2$in2%ei¢7 (A2)
L(L,-) = —2\/5\/Fcos2 %e7i¢, (A3)
L(R,0) = —2\/¢%sin6, (A4)
L(R,+) = —2\/5\/q_zcos2 %ei¢7 (A5)
L(R,—) = —2\/5\/¥s1n2%1e*i¢. (A6)
_ iGrVipVistem _ ATs(0%) 1y 2 2 2 2
H(L,O) = 78\/§7TmK*\/q_2{2(C7L C’7R)mb 777123—771%(* (3mK* +mp—q )Tg(q )
off 2 2 2 2 M a(q%)
+(Cy Cho) {(mB—FmK*)(mK* me+q-)A1(¢")+ s +m) | [ (A7)
iGr Vip Vistem
H(L,+) = %{2(C7L+C7R)mb\/xT1 (q2) —2(C7L—C7R)mb(m2B—m%<*)T2(q2)
q
. AV (¢?
+(CST = Cho)? {(m\/;&-igm)*) —(ms +mK*)A1(q2)} }, (A8)
iGrVib VigQem
H(L7—) = %{—2(C7L+C7R)mb\/XT1(q2)—2(C7L—C7R)mb(m2B—mf@)Tg(q2)
q
. AV (¢*
+(C§™ = C10)g? {— W‘QLing)) - (mB+mK*)A1(q2)} } (A9)
_ iGrVip Visaem _ AT5(q%) B 2 2 o 2
H(R,O) = 78\/57?”“{*\/?{2(071, C7R)mb 7m2B_m%<* (3mK* +mp—q )Tz(q )

+(C5" +Cho) {(ma ) (mie —mi +0°)A1(¢) + W;\jji(s%i)} }

(A10)
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H(R,+) = m{2(07L+C7R)mb\/XTl(q2) —2(Crr, — Crr)mu (m — mic+ ) T2(q%)
4v/2ng?
N4Ch
HCE + 0o [ 22— g e )]} (A1)
H(R,~) = M{ —2(Crw+ Crr)mu VAT (¢%) — 2(Crr — Cor)muy (mB — mi- ) T (¢%)
4v/2ng?
VAV (g®
+(C5" + Cro)g? {— ﬁ — (ms +mx~) A1 (qz)} } (A12)
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