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Rare decays B, — "]~ and B — KI" [~ in the topcolor-assisted technicolor model
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We examine the rare decays B, — [t~ and B — K[~ in the framework of the topcolor-assisted
technicolor (7C2) model. The contributions of the new particles predicted by this model to these rare
decay processes are evaluated. We find that the values of their branching ratios are larger than the standard
model predictions by one order of magnitude in wide range of the parameter space. The longitudinal
polarization asymmetry of leptons in B; — ["1~ can approach O(10~2). The forward-backward asym-
metry of leptons in B — KI*1~ is not large enough to be measured in future experiments. We also give
some discussions about the branching ratios and the asymmetry observables related to these rare decay
processes in the littlest Higgs model with T-parity.
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L. INTRODUCTION

The study of pure leptonic and semileptonic decays of B
meson is one of the most important tasks of B physics both
theoretically and experimentally. These rare B decays are
sensitive to new physics (NP) and their signals are useful
for testing the standard model (SM) [1]. So far, a lot of
works have been concentrated on these decays. In the SM,
there are no flavor changing neutral current (FCNC) pro-
cesses at the tree level and the leading contributions to
these decays come from the one-loop level. So these rare
decays are rather sensitive to the contributions from the NP
models beyond the SM. Studying of the observables of the
asymmetries, such as the CP asymmetry [2], longitudinal
polarization (LP) asymmetry A;p [3], and forward-
backward (FB) asymmetry Agg [4] etc, interests experi-
ments in testing NP. Certainly, their detection requires
excellent triggering and identification of leptons with low
misidentification rates for hadrons. The precision measure-
ment needs further studying.

The quark level transition b — sl* 1~ is responsible for
both the purely leptonic decays B, — [*1~ and the semi-
leptonic decays B — KI*17 (I = e, ., 7). The decay B, —
ut ™ will be one of the most important rare B decays to
be studied at the upcoming large hadron collider (LHC),
and so far the upper bound on its branching ratio is [5]

Br(B, — p*u~) <58 X 1078(95% C.L.). (1)

The branching ratios of B — KI*[~ observed by BABAR
collaboration and Belle collaboration are [6,7]

Br(B— KI"l7) = (57723) x 1077, )

which is close to the SM prediction [1,8]. However, due to
the errors in the determination of the hadronic form factors
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and the Cabibbo-Kobayashi-Maskawa (CKM) matrix ele-
ment |V,|, there is about 20% uncertainty in SM predic-
tion. The experimental measurement values of rare decay
processes B, — ete”, 777 will be discussed later.

We also consider other observables of the purely lep-
tonic and semileptonic decays for the B meson, which are
sensitive to scalar/pesudoscalar new physics (SPNP) con-
tributions to b — s transitions. They are forward-backward
asymmetry Apg of leptons in B — K[~ and longitudinal
polarization asymmetry Ay p of leptons in By — [*1~. The
observable A;p was introduced in Ref. [3], though the
corresponding analysis in the context of K — u* ™ had
been carried out earlier [9]. The average Arg in the rare
decay processes B — KI["I~ has been measured by
BABAR collaboration as [6]

(Apg) = 0.15%921 = 0.08. 3)

This measured value is close to zero and has a high
experimental error. As the values of A} p and Agg predicted
in the SM are nearly zero, any nonzero value of one of
these asymmetries is a signal for NP. This is the main
reason we focus on these observables.

In literature, there are numerous studies of the quark
level decays b — s[*[~ both in the SM and in some NP
models. Recently, Refs. [10,11] have studied the sensitivity
of these rare decay processes to the radius R in the univer-
sal extra dimension (UED) model. In the supersymmetry
(SUSY) models, extensive works have been taken to the
branching ratios of these rare decays, and some of these
discussions are related to the asymmetry aspect [12,13].
These decays have also been discussed in the littlest Higgs
model with T-parity (called the LHT model) [14], they
have verified that the LHT model can enhance the branch-
ing ratios of these decays [15]. However, they have not
discussed the asymmetry observables, we will give some
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discussions on these observables in the framework of the
LHT model.

In the framework of the topcolor-assisted technicolor
(TC2) model [16], Ref. [17] has calculated the branching
ratios of quark level b — sI™ 1~ decays. They consider the
contributions of the non-universal gauge boson Z' pre-
dicted by this model. Their numerical results show that
the enhancement is quite large when the mass of Z' is
small. Reference [18] has calculated the contributions
coming from the pseudoscalar top-pions predicted by this
model to the branching ratios of the decays B, — ["1.
Reference [19] has evaluated the contributions from both
the neutral and charged scalars predicted by this model, the
branching ratios can be enhanced over the SM predictions
by two orders of magnitude in some part of parameter
space. So far, we have not seen the study of the asymmetry
observables for these two decays in the framework of the
T C2 model, and furthermore the former discussions on the
branching ratios have not considered the contributions
induced by all the particles predicted by this model.

In this paper, we consider the contributions coming from
all of the new particles predicted by the 7C2 model to the
branching ratios and asymmetries related to the rare decay
processes b — sI*1~. Compared with the predictions in
the SM, our results show that the contributions to the
branching ratios and the asymmetries come from two
aspects. First, the Wilson coefficients of these processes
receive additional contributions from the nonuniversal
gauge boson Z’ and charged top-pions. Second, the neutral
top-pion and top-Higgs can give contributions through
newly introduced scalar/pesudoscalar operators. For com-
parison, we also give our results in the LHT model, con-
sidering different parametrization scenarios.

This paper is arranged as follows. In the following
section, we will summarize some elementary features of
the 7C2 model. In Sec. III we present our calculation on
the decay processes B, — [*1~. The decay processes B —
KI*1~ will be studied in the Sec. IV. In Sec. V we give
simple discussions on the above questions in the LHT
model. Conclusions are given in Sec. VI.

II. THE TC2 MODEL

The TC2 model [16] is one kind of the phenomenologi-
cal viable models, which has all essential features of the
topcolor scenario. The TC2 model generates the large
quark mass through the formation of a dynamical 7 con-
densation and provides possible dynamical mechanism for
electroweak symmetry breaking (EWSB). The physical
top-pions (7>*), the nonuniversal gauge boson (Z'), and
the top-Higgs (hY) are predicted. The presence of the
physical top-pions 77, " in the low energy spectrum is an
inevitable feature of the topcolor scenario, regardless of the
dynamics responsible for EWSB and other quark mass.
The flavor-diagonal (FD) couplings of top-pions to fermi-
ons can be written as [16,20]:
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#* [2 — F? -
i L[l;’ysl'ﬁ? + \/EZTRbL7TZ+ + \/EbLlRW;]
V2F, v,
m;

V2F,

+ ™ l_*yslﬂ'?, @)
v

where m! = m,(1 — ¢), v, = v/J2 =174 GeV, F, =
50 GeV is the top-pion decay constant. The ETC interac-
tions give rise to the masses of the ordinary fermions
including a very small portion of the top quark mass,
namely em, with a model dependent parameter ¢ << 1,

/2,2
Uy

and mj = my, — 0.1em, [21]. The factor U'_F’z reflects

mixing effect between top-pions and the Goldstone bosons.

For the TC2 model, the underlying interactions, topcolor
interactions, are nonuniversal and therefore do not posses
Glashow-Iliopoulos-Maiani (GIM) mechanism [22]. One
of the most interesting features of 7% is that they have
large Yukawa couplings to the third-generation quarks and
can induce the tree-level flavor changing (FC) couplings
[23,24]. When one writes the nonuniversal interactions in
the quark mass eigen-basis, it can induce the tree-level FC
couplings. The FC couplings of top-pions to quarks can be
written as [17,23]:

e —
i M[ﬂ(m K7, cpm®
No - UrRRUL i

+ 2K K exby i + N2K K brogmy
+ V2K K Trsy i + V2K K S i ] ()

where K g) and K (g are rotation matrices that diago-
nalize the up-quark and down-quark mass matrices M, and
Mp, ie., KiyMyKyg = M@ and K} MpKpr = M2,
for which the CKM matrix is defined as V = K}, Kp; .
To yield a realistic form of the CKM matrix V, it has been
shown that the values of the coupling parameters can be
taken as [23]:

K. =2 — % (6)

1t~ bbb ~ Kss ~
KUL - KDL - KDL - 1’

In the following calculation, we will take Kij, =

V2e — & and take & as in the range of 0.03-0.1 [16].
The TC2 model predicts the existence of the top-Higgs
hY, which is a 7 bound and analogous to the o particle in
low energy QCD. It has similar Feynman rules as the SM
Higgs boson, so we do not list them.

Another significant feature of the 7C2 model is the
existence of nonuniversal gauge boson Z’, which may
provide significant contributions to some FCNC processes
because of its FC couplings to fermions. The FC b — s
coupling to Z’ can be written as [25]:
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D;, Dy are matrices which rotate the down-type left and
right hand quarks from the quark field to mass eigen-basis.
The FD couplings of Z’ to fermions, which are relative to
our calculation, can be written as [16,17,20,26]:

1 1._
£§/D = _\/47TK1{Z;L[§7_'L’)/M’TL - 7_'R’y’uTR + gtL'y#tL
+ L biyiby + Zieyrtg — 6 “b]
6L7’ L 3R7R 3R7 R

I_
— Y ur

1
R P
SRY" SR 3

1_
- tan20/Z;L[ESL'le’SL 3
_ 1_ _
— RRrYH R — EQ)’“@L — eryter | (8

where K is the coupling constant and 6’ is the mixing
angle with tan§’ = —£.—_ ¢, is the ordinary hypercharge

1
gauge coupling constant.

In the following sections, we will use the above formulas
to calculate the contributions of the 7C2 model to the rare
decay processes B, — ["1~ and B— KI["[".

III. THE CONTRIBUTIONS OF THE 7C2 MODEL
TO THE RARE DECAY PROCESSES B, — "1~

The TC2 model can give contributions to rare B decays
two different ways, either through the new contributions to
the Wilson coefficients or through the new scalar or pseu-
doscalar operators. The most general model independent
form of the effective Hamilton for the decays B, — 71~
including the contributions of NP has the form:

H(BS—>l+l_)=HO+H1 9
with
G , _
Hy = ;‘J_—z;(Visv,b){RA(smsb)(zwysl>}, (10)
G _ _
Hy, = ZZ2E (v, VINRs(5PRb)(T1) + Rp(5Pgb)(TysD)}.
N
(1)

Where H, represents the SM operators and H; represents
the SPNP operators. Here P, p = (1 * v5)/2, Rg, Rp, and
R, denote the strengths of the scalar, pseudoscalar, and
axial vector operators, respectively [27]. In our analysis we
assume that there are no additional CP phases apart from
the single CKM phase, thus Rg and Rp are real. In the SM,
the scalar and pseudoscalar couplings Rg and Rp receive
contributions from the penguin diagrams with physical and
unphysical neutral scalar exchange and are highly sup-
pressed to @(107°). The coupling constant of the axial
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vector operator R, can be expressed as R, =
YSM(x)/sin?@y,, where YSM(x) is the SM Inami-Lim func-
tion [28], which has been listed in Appendix A. These
coupling constants will receive contributions coming
from the nonuniversal gauge boson Z' and the scalars

0= 10
m,, hi.

A. The contributions of the nonuniversal gauge
boson Z'

In the TC2 model, the nonuniversal gauge boson Z' can
give corrections to the SM function Y(x), which directly
determine the coupling constant R,. The relevant Feynman
diagrams have been shown in Fig. 1. In these diagrams, the
Goldstone boson ¢ is introduced by the 't Hooft-Feynman
gauge, which can cancel the divergence in self-energy
diagrams. Because the couplings of ZZWW, Z'¢ ¢ and
Z'W¢ do not exist in the TC2 model, the diagrams that
including the above couplings are not present. The small
interference effects between Z' and Z are not considered
here. In this situation, the function Y7¢(x,) for [ = e, u is
obtained as follows:

—tan’6’ M>
YTC(x,) = M—ZZ(Cub(xt) + Co(x) + Cylxy), (12)
Z/
here x, = m?/M3,. The factor —tan?§’ does not exist for

the decay process B, — 7" 7~ which can be seen from
Eq. (8). The formations of C,;(x,), C.(x,), and C,(x,) can
be easily obtained in the framework of the 7C2 model
using the method in Ref. [28]. The detailed expression
forms of these functions are listed in the Appendix B.
The nonuniversal gauge boson Z’ has FC coupling with
fermions as shown in Eq. (7), the tree level Feynman
diagram contributing to the decay processes B, — 71~

FIG. 1. Penguin diagrams of Z’ contributing to B, — [/~ in
the 7C2 model.
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FIG. 2. Tree-level diagram of Z' contributing to B, — [T1~
within the 7C2 model.

has been shown in Fig. 2. The contributions can be ob-
tained by directly calculating Fig. 2 using the standard
method in Ref. [25], and the B, width can be written as:

4m?
I'B,—1"l")=—— 1'1 — 18?2
( rr ) 4608 fB méx(sbs

4
X cot26/X2(6' (ﬁ) , 13
co 0" M, (13)

where
Ops = DﬁbD’ZS* + 2D§”D§S*. (14)

X(0') = cotf’ for I = 7, and X(0') = tan@’ for [ = e and
M- fp, is the decay constant of B, meson.

B. The contributions of the scalars (ﬂ?’i, h?)

The scalars predicted by the TC2 model give contribu-
tions to the decay processes B, — [*1~ through correc-
tions to the coupling constants in Eq. (10) and (11). The
relevant Feynman diagrams are displayed in Fig. 3, in
which (a) shows the contributions of neutral top-Higgs 49
and top-pion 7 to the couplings Rg and Rp, respectively;
(b), (c), and (d) show the contributions of the charged top-
pions 7, to the coupling R4. The expression of the coef-
ficient Rg can be written as:

mbmﬂ/\/v - FZ

ZJ_mhoF v,,sin’é,,

+mb mlmM V, Vs F2

4\/_mhoF2 V.8

Rg = C(x,)

C(xy). (15)

Here x, = m}?/M?%, M is the mass of the top-pions. C(x,)
is the Inami-Lim function in the SM [28]. Since the neutral
top-Higgs coupling with fermions is different from that of
neutral top-pion by only a factor of 7ys, the expression of
Rp is same as that of Rg except only for the masses of the
scalar particles. In our numerical estimation, we will take
mgo = my = M. In this case, Rp = Rj.

[T(s;-, sp+) + T(Fs,-, £5;)] = [T(Fs-, Fsp0) + (=5,
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FIG. 3. Scalar particles contributing to B, — 7]~ in the TC2
model.

The charged top-pions 77~ give contributions to the SM
function Y(x) via the diagrams (b), (c) and (d) in Fig. 3, the
expression of the function Y7€(x,) can be written as:

1 x x3
> [— - 5 lnxs].
42G,FLL 8(1—xy) 8(1—ux)
(16)

Y7(x,) =

C. Numerical results

The branching ratios of the decay processes B, — 71~
can be written as [3]:

2

_ my 2
Br(BS g l+l ) = Clsl: 2mlRA - . P
my, + my
4m? m> 2
(- k] an
mg ) 1 m, + my
where
G2 2 . 4m2
a, = S ViVil'7s fimp (1 = m—%l (18)

Here 75 is the lifetime of B.
The longitudinal polarization asymmetry of the final
leptons in B; — [ is defined as follows [3]:

—5;+)]

Ay =
D, sp0) + D(F sy,

s;= are defined into one direction in dilepton rest frame as (O,
A;p = App. Then the A;p can be written as:

between the final leptons, thus there is A}, =

isl+)] + [F(isl—, 1sl+) + F(_Sr,

s 19
—5)] (19)

+ ”—‘l). For only one direction, there are no differences
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4m?
21—
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Ap(By— 1717) =
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[2m;Ry —

APM(B; — I717) =~ 0 because Rg ~ O(107°) in the SM.
Before giving numerical results, we need to specify the
relevant SM parameters. These parameters have mainly
been shown in Table I. We take the coupling constant K,
the model dependent parameter &, the mass of nonuniver-
sal gauge boson M, and the mass of scalars My as free
parameters in our numerical estimation. The value of My
remains subject to large uncertainty [20]. However, it has
been shown that its value is generally allowed to be in the
range of a few hundred GeV depending on the models [31].
In our numerical estimation, we will assume that My is in
the range of 200 GeV ~ 500 GeV. The lower bounds on
M can be obtained from dijet and dilepton production in
the Tevatron experiments [32] or BB mixing [33].
However, these bounds are significantly weaker than those
from the precision electroweak data. Reference [34] has

TABLE I. Numerical inputs used in our analysis. Unless ex-
plicitly specified, they are taken from the Particle Data Group
[29].

my+m

Gp = 1166 X 107 GeV™2  mp = 5.366 GeV

a =7297 X 1073 mg = 5.279 GeV

Tp = (143770030 X 107125 V,, = 1.0

5, = 1.53 X 107125 Vi = (40.6 £2.7) X 1073

m, = 0.105 GeV f5, = (0.259 £ 0.027) GeV [30]
My, = 80.425(38) GeV sin?fy, = 0.23120(15)

6
5
—l=e
(OA —
o 4+ T I=u
= | | =1
=
A .
I8k
Q
S
m
2+
1 L 1 L 1 L 1 L 1 L
1000 1200 1400 1600 1800 2000
M, (GeV)
(a) K1 =04

m2 m2
o Ri@miRy — =2 Rp)] 0
. dmdy, my '

R (ST R

s

|

shown that, to fit the precision electroweak data, the Z’
mass M, must be larger than 1 TeV. In our numerical
estimation, we will assume that the values of the free
parameters &, K| and Mz are in the range of 0.03 ~ 0.1,
0~ 1 and 1000 GeV ~ 2000 GeV, respectively.

First we give our numerical results of the decay pro-
cesses B, — ["1~ induced by the nonuniversal gauge bo-
son Z'. The branching ratios of B, — [*1~ are plotted in
Fig. 4 as function of the mass parameter M, for K|, = 0.4
and 0.8, in which we have multiplied the factors 107 and
103 to the values of Br(B; — e*e ™) and Br(B, — u* u™),
respectively. From these figures one can see that the values
of Br(B; — 7" 77) are sensitive to the mass of Z', they
increase as the mass parameter M, decreasing. For [ = e,
M, the values of their branching ratios are not so sensitive
to the parameter M. Because the contributions of Z’ to
Br(B;, — ete™) and Br(B, — ™ u ™) are small relative to
the SM contributions. The values of the corresponding
branching ratios are both below @(10~°) which are not
easy to be observed in current collider experiments. The
contributions of Z’ to the branching ratio of the decay B; —
717 are large, since the nonuniversal gauge boson Z’ has
large couplings to the third generation fermion with respect
to the first two generations, it can make the branching ratio
value reach O(107°) with reasonable values of the free
parameters.

The branching ratios of B, — "1~ contributed by the
scalars (7% and h?) are plotted in Fig. 5 as function of the

10
8| —C°
______ =y
q?,_\ ......... | =z
o
= 6
I S T
A
eln 4 -
s
28 e
0 " 1 " 1 " 1 " 1 "
1000 1200 1400 1600 1800 2000
M, (GeV)
(b) K1 =0.8

FIG. 4. The branching ratios of B, — [~ as function of the parameter M, for K; = 0.4 (a) and K, = 0.8 (b).
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(a) e =0.04

FIG. 5.

mass parameter Mg for € = 0.04 and 0.08, in which we
have multiplied the factors 107 and 10? to the values of
Br(B;, — e*e™) and Br(B, — ut u™), respectively. It is
obvious that the values of the branching ratios for these
decays increase as the parameter Mg decreasing. Fur-
thermore, the enhancement to the branching ratio of the
decay process B, — utu~ is larger than that of the Z'
contributions by an order of magnitude.

The value of Br(B; — e*e™) is smaller than that of
Br(B, — u* u~) by five orders of magnitude, which is
because it is suppressed by m2/m?% with respect to u
channel. The branching ratio for 7+ 7~ mode is enhanced

0.040

0.035 F ©

0030 . M.

T
’

0.025

ALP
7
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300 350

M, (GeV)
(b) e = 0.08

400

The branching ratios of B; — [*1~ as function of the parameter Mg for ¢ = 0.04 (a) and & = 0.08 (b).

by a factor of 10% to u channel, its value can reach O(10~°)
by our calculation. However, the 7+ 7~ channel is still not
easy to be observed under present experimental precision,
while the current experimental upper limit for Br(B; —
7777) from the BABAR collaboration is 4.1 X 1073 at
90% C.L. [35]. So the experimental searches for B; —
[71~ have focused on the u channel, and we only discuss
this channel. Comparing with the SM prediction Br(B; —
utuw™)=3.86=0.15x107° [1], the contributions of
the new scalars predicted by the 7C2 model can enhance
this value by one order of magnitude, so our results are
more approach to the experimental data given by Eq. (1).

0.040

0.035

g

0030 F . | =

0.025

T
s

ALP
/
/

0.020 .
0.015 .
0.010 -
0.005 .

0.000
200

250

300

350
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(a) e =0.04

400

500

0.020 -
0.015 -
0.010 -
0.005 -

0.000
200

250

300 350 400 500
M, (GeV)

(b) € = 0.08

FIG. 6. The longitudinal polarization asymmetry in B, — [~ as function of the parameter M for & = 0.04 (a) and & = 0.08 (b).
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Obviously, the nonuniversal gauge boson Z’ has no
contributions to the SPNP operators, so it was not consid-
ered in this subsection. The longitudinal polarization
asymmetry A;p contributed by the new scalars predicted
by the 7C2 model as function of the parameter My are
plotted in Fig. 6. From these figures one can see that the
App is sensitive to the mass of the scalars, especially for
[ = u, 7, however it is less sensitive to the parameter &.
The values of the asymmetry A;p can reach nearly 4% for
[ = p, 7 when the mass of the scalars get to 200 GeV.

IV. THE CONTRIBUTIONS OF THE 7TC2 MODEL
TO THE RARE DECAY PROCESSES B — KI*1~

The effective Hamilton for the decay B — KI"1™ is
similar to that of B — [*]~ as shown in Eq. (9), which
is constituted by two parts. The SPNP part is same as the
expression shown in Eq. (11). In the framework of the 7C2
model, The H part can be written as [27]:

CI(GF
N
+ Cio(5y, PLb)ly, vsl

5 Cgff
qz

HO thv;ks{ceft(SYMPLb)lyu

mh(EiO'/“,q”PRb)l_yMl}. 21)

Here g, is the sum of 4-momenta of / *and I~ . The Wilson
coefficients Cf, CSf and C) contain two parts of contri-
butions from the SM and the 7C2 model.

Similar to the decay processes B, — [1~, the nonun-
iversal gauge boson Z' give contributions to the Wilson
coefficients Ct and C, the relevant Feynman diagrams
are same as Fig. 1 and the relevant functions Y7€(x,) and
Z"¢(x,) have same expressions as shown in Eq. (12).

The charged top-pions 77;~ can give contributions to the
Wilson coefficients C$ and C§f. The relevant Feynman
diagrams are similar to Fig. 3. However, these penguin
diagrams are induced by 7y penguins, gluon penguins,
and chromomagnetic penguins. The coefficients CIf and
CS™ can be expressed in terms of the corresponding func-
tions D(x,), E{(x,), and E}(x,), which are added to the
corresponding SM functions Do(xl) Ey(x,) and Ej(x,) [28].
The detailed expression forms of the these functions are
[36]:

1 47 — 79x + 38x2
Dl(x) _4\/_GFF ( 108(1 _x)3
3 —6x2 + 4x
1 7 — 29x + 16x2 3x — 23
E = 1
) 4J§GFFW( )
(23)
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, 1 5 — 19x + 20x2 x —2x3
El(x):

8V2G,F,\  6(1 —x) 1 -2 h‘(x))

(24)

We can obtain the corrected Wilson coefficients CSif, CS'f
and C;, with these corrected functions using the relevant
expressions of these coefficients in Refs. [10,36], which are
listed in Appendix C. The neutral top-pion 79 and top-
Higgs h? can also give contributions to these decay pro-
cesses through the SPNP operators, and the expression
forms of Ry (Rp) are same as those shown in Eq. (15).

The branching ratios Br(B — KI"17) (I = e, p and 7)
contributed by the gauge boson Z’ are plotted in Fig. 7 as a
function of the mass parameter M, for two values of K, in
which we have multiplied the factor 10~ and 10~ to the
branching ratios of decays B— Ku"u~ and B — K777~
respectively. From this figure one can see that the values of
the branching ratios for [ = e, w, and 7 increase as the
parameter M, is decreasing. However, the branching ra-
tios for / = e are not sensitive to the parameter M, as
shown in these figures. The values of the branching ratios
for [/ = e and w are not sensitive to the parameter K. For
K, = 0.4 and 1000 GeV = M, = 2000 GeV, the values
of Br(B— Ke" e ) and Br(B — Ku™ u ™) are in the range
of 6.1 X107%~44x10"% and 3.0Xx 1077~ 12X
1077, respectively.

The branching ratios of the decay processes B — K11~
contributed by the scalars (w?’i, hY) are plotted in Fig. 8 as
function of the mass parameter M for ¢ = 0.04 and 0.08,
in which we have multiplied the factors 107! to the
branching ratio of B — Ku™* u™. From these figures, one
can see that the values of the branching ratios of these
decay processes increase as the parameter My decreasing.
All of their values are not sensitive to the parameter . The
contributions of the scalars for / = e and w are comparable
to those of the nonuniversal gauge boson Z', the values of
the branching ratios of B— Ke*e™ and B— Ku* u~
contributed by both the scalars and the nonuniversal gauge
boson can reach @(10~7), which give an explanation to the
deviation between the experimental data and the SM pre-
dictions in Ref. [8]. While the scalar’s contribution to the
decay process B— K777~ is smaller than that of the
nonuniversal gauge boson Z' by two order of magnitude
and therefore can be neglected. When the Z’ mass is in the
range of 1000 GeV ~ 2000 GeV, the values of Br(B —
K777 ) are in the range of 7.0 X 107 ~ 1.7 X 107, This
result is 2 orders of magnitude larger than the e and u
channel, which is because of the large coupling of Z’ to the
third-generation fermions.

The normalized forward-backward (FB) asymmetry can
be defined as [4]:

d’r 0 da’r
IO d cost) dzdcos(? I d cost dzd cosf
Ars(2) = . Gl (25)
fldcosh <L dzdcme + [2dcost 5o
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Br (B--> K 1" ) (10°®)

0
1000 1200 1400 1600 1800 2000
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(b) K; =0.8

FIG. 7. The branching ratios of B — KI"[~ as function of the parameter M, for K; = 0.4 (a) and K, = 0.8 (b).

After the integral calculation of FB asymmetry gives,

2750y BLRs [ dza (2)$(1, k2, 2)
Br(B— KI* 1)

(Apg) = . (26)

where 75 is the lifetime of B meson and Br(B — KI*[7)is
the total branching ratio of B — KI["[~ and Iy, is the total
width of the B meson, which can be written as:

o5 Vi Vis[Pm3,

27

Br (B> K I' I (10

350
M, (GeV)
(a) e =0.04

0
200 300

a(@) =301 = RICofoDf +(2) + (1 = D folfrc).
(28)

Other relevant functions such as ¢(1, k%, z) are listed in
Appendix C. The form factors f, f, and fr are defined in
the relevant matrix elements as:

(K(p)5y,b|B(p)) = 2p — q) . f +(2)

()t - e

(29)

Br (B--> K" I (10?)

350
M, (GeV)

(b) € = 0.08

300 400

FIG. 8. The branching ratios of B — KI" [~ as function of the parameter Mg for & = 0.04 (a) and & = 0.08 (b).
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O L 1 1 1 1 1 " 0 L 1 1 1 1 1 L
200 250 300 350 400 450 500 200 250 300 350 400 450 500
M, (GeV) M, (GeV)
(a) e =0.04 (b) e =0.08
FIG. 9. In the TC2 model, the forward-backward asymmetry in B — KI* [~ as function of My for the parameter & = 0.04 (a) and

e = 0.08 (b).

(K(p"l5io,.,q"b|B(p)) = —[2p — q).q?
fT(Z)

mp + mK’
(30)

— (my — mg)q,]

mp(1l — k?)

(K(p"I5b|B(p)) = o, fo(2). (31)

Here, k = my/my, z = q*/m%, and My, = m,/mg. The
form factors f., fy, and fr can be calculated by using
the light cone QCD approach. Their particular forms can
be found in Ref. [27]. In this paper, we assume 71, = 1.

The production of the FB asymmetries are only sensitive
to SPNP operators. From Eq. (26), one can see that the
nonuniversal gauge boson Z' has no contribution to the FB
asymmetry, so we only discuss the contributions coming
from the scalars (7=, h?).

The FB asymmetry Agg of leptons in the decay processes
B — KI*1™ are plotted in Fig. 9 as function of the parame-
ter Mg for e = 0.04 and 0.08, in which we have multiplied
the factors 10° and 10 to the value of Apg(B — Ke'e™)
and Apg(B — Ku™ u ™) respectively. From this figure one
can see that the value of Agg is smaller than O(1073) in
most of the parameter spaces. Comparing its experimental
measurement value, this value is not large enough to be
observed in experiments. One can see that the contribu-
tions of the 7C2 model to the FB asymmetry in these decay
processes are smaller than those of the SUSY models.
Considering the uncertainty in measurements, it is very
difficult to detect the signals of the 7C2 model through
measuring the FB asymmetry about these decay processes.

V. THE CONTRIBUTIONS OF THE LHT MODEL
TO THE RARE DECAY PROCESSES b — sl*1~

The LHT model [14] is based on an SU(5)/SO(5) global
symmetry breaking pattern. A subgroup [SU(2) X
U(1)]; X [SU(Q2) X U(1)], of the SU(5) global symmetry
is gauged, and at the scale f it is broken into the SM
electroweak symmetry SU(2); X U(1)y. T-parity is an
automorphism which exchanges the [SU(2) X U(1)], and
[SU2) X U(1)], gauge symmetries. The T-even combina-
tions of the gauge fields are the SM electroweak gauge
bosons W{, and B, . The T-odd combinations are T-parity
partners of the SM electroweak gauge bosons.

After taking into account EWSB, at the order of v?/f2,
the masses of the T-odd set of the SU(2) X U(1) gauge

bosons are given as:
l 5 2
v, =51 5]
. (32)
v
Mz, = My, =gf|:1_8_f2 )
where f is the scale parameter of the gauge symmetry
breaking of the LHT model. g’ is the SM U(1)y gauge
coupling constants. Because of the smallness of g’, the T-
odd gauge boson By is the lightest T-odd particle, which
can be seen as an attractive dark matter candidate [37]. To
avoid severe constraints and simultaneously implement T-
parity, it is necessary to double the SM fermion doublet
spectrum [14,38]. The T-even combination is associated
with the SU(2); doublet, while the T-odd combination is
its T-parity partner. The masses of the T-odd fermions can
be written in a unified manner as:
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My, = V2kif, (33)

where k; are the eigenvalues of the mass matrix k and their
values are generally dependent on the fermion species i.

The mirror fermions (T-odd quarks and T-odd leptons)
have new flavor violating interactions with the SM fermi-
ons mediated by the new gauge bosons (By, W;;', or Zy),
which are parametrized by four CKM-like unitary mixing
matrices, two for mirror quarks and two for mirror leptons
[39,40]:

Vi Via Vi Vi (34)
They satisfy:

ViuVia = Vexm Vi,V = Vemns:  (35)
Where the CKM matrix Vg is defined through flavor
mixing in the down-type quark sector, while the PMNS
matrix Vpyng 18 defined through neutrino mixing.

The contributions of the LHT model to the rare decay
processes b — sI* 1~ are mainly coming from the correc-
tions to the Wilson coefficients, which related to the SM
Inami-Lim functions [28]. The branching ratios of the
decay processes B, — ["1~ in the SM depend on a func-
tion Yqy; and the LHT effects enter through the modifica-
tion of the function Ygy; [39]. With the LHT effects Yy is
replaced by [15]:

yodd

Y, = Ygu + Yoven + /\S(s) : (36)
t

where Y°V°" and Y94 represent the effects from T-even and
T-odd particles, respectively. The branching ratios normal-
ized to the SM predictions are then given by:

Y

s

Br(B, — ["]7)
BI'(BS b l+li)SM

2
, (37

YSM

which Br(B, — [*1 " )gy are the branching ratios predicted
by the SM. Their particular numerical values of the branch-
ing ratios for the decay processes B, — [*[~ in the LHT
model are listed as follows:

Br(B; — ete™) = (1.36 £ 0.05) X 10713, (38)

Br(B, —» pu u ) =(579+023) X 107  (39)

Br(B, — 7777) = (1.23 £ 0.05) X 107%.  (40)

The branching ratios of the decay processes B — K[ 1~
in the SM depend on the functions Ygy, Zgy and Dj(x,)
(Dj(x,) is same as in B — X,y [15]), the LHT effects enter
through the modification of these functions. The modifica-
tions of the function Ygy; has been given above, and the
modifications of the function Zgy; is given by [15,39]:

PHYSICAL REVIEW D 79, 034008 (2009)

~ Z0dd
Z, = Zgy + 28" + ST (41)
A
where Z°" and Z%% represent the effects coming from T-
even and T-odd particles, respectively. Similar with
Sec. IV, we can calculate the contributions of the LHT
model to the decay processes B — K[~ . With reasonable
values of the free parameters in the framework of the LHT
model, the maximum values of the branching ratios for the
rare decays B — KI*[~ are:

Br(B— Kete™) =9.66 X 1079, 42)
Br(B— Ku"u™)=6.56 X 1079, (43)
Br(B— K7t77) =299 X 107" (44)

These numerical results are obtained by calculating the
relative correction to the SM predictions in the framework
of the LHT model, while the SM predictions exist the
uncertainty coming from the next-to-leading logarithmic
(NLO) contributions and the long-distance contributions,
for which the Br(B — KI"17) are a little disparity away
from their respective experimental upper limits [41].
However, there is no disagreement with experiment in
some parameter ranges while the corrected effects is no
more than 15%.

The contributions of the LHT model to the asymmetry
observables Agg and A; p in the rare decay processes b —
sIT1~ mainly come from the new neutral scalar particles.
For the B, meson, there is an unitarity relation of the V,
matrix [39]:

&)+ &)+ &) =0, (45)

where £ = Vibyis Considering this relation, the cal-
culations of the relevant Feynman diagrams similar to
Fig. 3 equal to zero. Hence, in the framework of the LHT
model, the total contributions induced by the neutral sca-
lars are equal to zero. The contributions to the Agg and A; p
is close to the predictions in the SM.

VI. CONCLUSIONS

The SM is a very successful theory but it can only be an
effective theory below some high energy scales. To com-
pletely avoid the problems arising from the elementary
Higgs field in the SM various kinds of dynamical electro-
weak symmetry breaking models have been proposed,
among which the topcolor scenario is attractive because
it can explain the large top quark mass and provide a
possible EWSB mechanism. The 7C2 model has all essen-
tial features of the topcolor scenario. It is expected that the
possible signals of the 7C2 model should be detected in the
future high energy collider experiments.
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In this paper we consider the contributions of the 7C2
model to observables related to the decay processes B, —
I"1” and B— KI*I~. We find that the TC2 model can
enhance the branching ratios of the SM predictions for
these decay processes B, — [*]~ and B— KI*[". In
wide ranges of the free parameter space, it is possible to
enhance the values of Br(B, — [*]7) and Br(B — KI"1")
by one order of magnitude. In the 7C2 model, the nonun-
iversal gauge boson Z' gives main contributions to
Br(B, — 77 77), while the contributions of Z' to Br(B; —
eTe ) and Br(B; — ut u~) are comparable with those of
the new scalars (7", h?). For the decay processes B —
Ke*e™ and B— Ku*u~, the contributions of Z' are
comparable with those of the scalars. While the contribu-
tions of the T7C2 model to Br(B — K7t 7~) mainly come
from Z'.

The production of the asymmetries are only sensitive to
SPNP operators, so there are no contributions of Z’ to the
relevant observables. We further calculate the contribu-
tions of the new scalars predicted by the 7C2 model to
the asymmetry observables Agg and A p of leptons in the
decay processes B, — 71~ and B — KI["I~. Our numeri-
cal results show that, when the mass of the scalars gets to
200 GeV, the values of the asymmetry A;p in the decay
processes B, — w" u~ and B, — 777~ canreach 4%. We
hope that the values of A;p for [ = u, 7 can approach the
detectability threshold of the near future experiments.
However, the contributions of these new scalars to Agp
are around O(10™*) in most of the parameter space, which
are not large enough to be detected.

The LHT model is one of the attractive little Higgs
models, which satisfies the electroweak precision data in
most of the parameter space. This model can produce rich
phenomenology at present and in future high energy ex-
periments. New particles predicted by this model give
contributions to the branching ratios of the rare decay
processes B, — [*1~ and B — KI"I1~. Reference [15]
has shown that, comparing with their SM predictions, the
branching ratios of the decay processes B, — [71~ and
B — KI*I~ can be enhanced by at most 50% and 15%,
respectively. For comparison, we give a brief description
and particular numerical results about these rare decays. In
addition, we show that the neutral scalars predicted by this
model can not give contributions to the asymmetry observ-
ables Apg and Ajp.

In conclusion, the effects of the TC2 model on the
branching ratios and asymmetry observables related to
the rare decay processes b — sl [~ can give positive con-
tributions to the SM predictions. The numerical results
show that the branching ratios for these decays are much
close to the experimental data, such as Br(B, — u™* u ™).
The value of Br(B — K7%77) is larger than the SM pre-
diction by one order of magnitude, which is hoped to be
observed in the future high accuracy experiments, or the
future experimental results may give constraints on the free

PHYSICAL REVIEW D 79, 034008 (2009)

parameters of the 7C2 model. Hence, it is indicated that
the possible signals of the 7C2 model may be observed
through the above decay processes in future experiments.
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APPENDIX A: RELEVANT FUNCTIONS IN THE SM

In this Appendix we list the functions in the SM that
entered the present study of rare B decays.

IfTx—4 3x
YSM(x) = —I:— +—1 :I, Al
(x) 8 ¥ — 1 (x _ 1)2 Og'x ( )
ZM(x.) 1 loox. + 18x} — 163x} + 259x7 — 108x,
x;) = — = logx
’ g O8N 144(x, — 1)°
32x} — 38x) — 15x7 + 18x,
1 , A2
720, — 1) ogr,  (A2)
4 —19y% + 25y%  y?(5y> — 2y — 6)
Do(y) = — = logy +
X logy, (A3)
Eo(y) 21 +y2(15—16y—i-4yz)1
=—-1lo 0
18 — 11y — y?
¥( Yy ) (Ad)
12(1 = y)
3y’ —2y%) (8y* + 5y — 7y)
D/ (y) = — 1 + . (A5
3y (0’ — 5y —2y)
El(y) = ———1 + - A6

APPENDIX B: RELEVANT FUNCTIONS IN THE
TC2 MODEL

In this Appendix we list the functions that entered the
present study of rare B decays in the framework of the 7C2
model.

_ 2g% ¢, Fi(x)
Cup(x) = 3220y + a)) (B1)
212 [ 2F,(x) F5(x)
R oy R ) B
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C2f2¢2 ( 2F,(x) Fs(x)
Cd(x) - g% (3(vu + au) 6(Uu - au)), (B3)
) = Fi(x) (B4)

—(0.5(Q0 — 1)s2 + 0.25)°

Here the variables are defined as: g = \47wK,, v, 4 =
I3 — 20,452, s, = sinf,,, a, ; = I, where u, d represent
the up and down-type quarks, respectively.

Fi(x) = —(0.5(Q — 1)s2, + 0.25)(x* In(x)/(x — 1)?
—x/(x—1) — x(0.5(=0.5772 + In(4m)
—In(M%)) + 0.75 — 0.5(x* In(x)/(x — 1)?

PHYSICAL REVIEW D 79, 034008 (2009)

F3(x) = =0s3.(x/(x — 1) — xIn(x)/(x — 1)%),  (B7)
Fy(x) = 0.25(4s2/3 — 1)(x*In(x)/(x — 1)> — x
—x/(x = 1)), (B8)

Fs(x) = —0.2505%x(—0.5772 + In(47) — In(M3,)
+ 1 —xIn(x)/(x — 1)) — s2/6(x*In(x)/(x — 1)?
—x—x/(x—1)). (B9)

APPENDIX C: RELEVANT EXPRESSIONS IN OUR

— /G&=1D)), ®3) CALCULATION
Fy(x) = (0.50s2 — 0.25)(x* In(x)/(x — 1)2 In this Appendix we list the functions that entered the
5 present study of rare B decays and some expressions of the
— 2xIn(x)/(x = 1)* + x/(x — 1)), (BO)  relevant coefficients.
J
_ aG . _ . _
M(B— KI"I™) = N——zl;Vth;s[<K(p’)IsmblB(p»{CS“u(m)mv(p) + Cyoii(p1 )y, ysvip-)}

eff

- 2272 m(K(p")|5io,,q"bIB(p)a(p )y, v(p-) + (K(p")|5bIB(p)Rsi(p,)v(p-)

+ RP’Z(P+)75U(I77)}:|’

T Gia?
dzdcos® 207

+ 2 (1 — K + ) Re(BCY) + 4 2ICP + 200, 2(1, K2, 2B, Re(AD*)cose],

A= (0— fRs,
1 —
Z

2
- —mlclg{f+(z)— £ (fo(z)—f+(z))}

430 = RfyRy

C = Cuof+(2) ©
D = Ceff + (!t fT(Z)’
9 f+(Z) 7 1+ x
d(L,K% ) =1+k 4+ 22— 20> + Kz + 2),
_ 4
Bu = (1 Tz )

In place of C5, one defines an effective coefficient Cgo)eff

which is renormalization scheme independent [42]:

1
1V Vi P21, 208, (APBL + 1B1)2 + 4 @12 CP + IDP)(1 - Bheose)

(C1)
(C2)
|
. 8
CgO)eff(Mb) _ 1’16/23C(70)(/_LW) + g(7714/23 _ 7716/23)
8
X CPpw) + ) Y ™ (C4)
i=1
where 7 = = ((’;”:)), and
1
luw) =1 uw) = —5D'x),
(Cs)

1
Cy (uw) = = S E'(x);

the superscript (0) stays for leading logarithm approxima-
tion, which is not displayed in the text. Furthermore:
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14 16 6 o
Y1753 %27z M3T oz MT T3
as = 04086  ag=—04230  a; = —0.8994
ag = —0.1456  h; =2.996  hy, = —1.0880
3 1
hy=—>  hy=——  hi=—0.64
3 7 4 14 > 0.649
he = —0.0380  hy; = —0.0185  hg = —0.0057.
(Co)

In the Naive dimensional regularization (NDR) scheme

PHYSICAL REVIEW D 79, 034008 (2009)
one has

Y(x,)
S

Co(p) = PRPR + —4Z(x,) + PgE(x),  (C7)
where PyPR = 2.60 = 0.25 [42] and the last term is nu-
merically negligible.

Cyy is u independent and is given by

Y(xt)
-
w

Cipo=~—

(C8)

The normalization scale is fixed to u = u;, =5 GeV.
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