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Abstract. Based on the low energy effective Hamiltonian with generalized factorization, we calculate the
new physics contributions to the branching ratios and C' P-violating asymmetries of the two-body charmless
hadronic decays B — PP,PV from the new strong and electroweak penguin diagrams in the topcolor-
assisted technicolor (T'C2) model. The top-pion penguins dominate the new physics corrections, and both
new gluonic and electroweak penguins contribute effectively to most decay modes. For tree-dominated
decay modes B — m, pr, etc. the new physics corrections are less than 10%. For decays B — K™x,
K®q, 71'07](/), n(,)'n(/), Kfo, F*OK, etc. the new physics enhancements can be rather large (from —70%
to ~ 200%) and are insensitive to the variations of Ne® k2, n and ms within reasonable ranges. For
the decays B® — ¢, ¢J77(/), K*K’ and pTK°, 6B is strongly NS dependent: varying from —90% to
~ 1680% in the range of N = 2-00. The new physics corrections to the C'P-violating asymmetries Acp
vary greatly for different B decay channels. For five measured C'P asymmetries of the B — K, Kn',wr
decays, Acp is only about 20% and will be masked by large theoretical uncertainties. The new physics
enhancements to interesting B — K7’ decays are significant in size (~ 50%), insensitive to the variations
of the input parameters and hence lead to a plausible interpretation for the unexpectedly large B — K7’
decay rates. The TC2 model predictions for branching ratios and C P-violating asymmteries of all fifty-seven
B — PP, PV decay modes are consistent with the available data within one or two standard deviations.

1 Introduction

The main goals of B experiments performed by CLEO,
BarBar, Belle and other collaborations are to explore the
physics of C'P-violation, to test the standard model (SM)
at an unexpected level of precision, and to perform an
exhaustive search for possible effects of physics beyond the
SM [1,2]. Precision measurements of the B meson system
can provide insight into very high energy scales via the
indirect loop effects of new physics (NP). The B system
therefore offers a complementary probe to the search for
new physics at the Tevatron, LHC and NLC, and in some
cases may yield a constraint which surpasses those from
direct searches or rules out some kinds of NP models [1].
In B experiments, new physics beyond the standard
model may manifest itself, for example, in the following
ways [1,3]:
(1) decays which are expected to be rare in the standard
model are found to have large branching ratios;
(2) CP-violating asymmetries which are expected to van-
ish or be very small in the SM are found to be significantly
large or with a very different pattern with what predicted
in the SM;

(3) mixing in B decays is found to differ significantly from
SM predictions.

These potential deviations may originate from the vir-
tual effects of new physics through box and/or penguin
diagrams in various new physics models [4-9].

Due to the anticipated importance of two-body charm-
less hadronic decays, B — hihy (where hy and hg are
the light pseudo-scalar (P) and/or vector (V) mesons), in
understanding the phenomenon of CP-violation, a great
effort have been made by many authors [10-14]. It is well
known that the low energy effective Hamiltonian is the
basic tool to calculate the branching ratios and Acp of
B meson decays. The short-distance QCD corrected La-
grangian at NLO level is available now, but we do not
know how to calculate hadronic matrix elements from
first principles. One conventionally resorts to the factor-
ization approximation [15]. However, we also know that a
non-factorizable contribution really exists and cannot be
neglected numerically for most hadronic B decay chan-
nels. To remedy problems with the factorization hypothe-
sis, some authors [16,12,13] introduced a phenomenologi-
cal parameter Nog (i.e. the effective number of colors) to
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model the non-factorizable contribution to the hadronic
matrix element, which is commonly called the generalized
factorization.

On the other hand, as pointed out by Buras and Silver-
strini [17], such a generalization suffers from the problems
of gauge and infrared dependence since the constant ma-
trix 7y appearing in the expressions of Cfﬂ depends on
both the gauge chosen and the external momenta. Very
recently, Cheng et al. [18] studied and resolved the above
controversies on the gauge dependence and infrared sin-
gularity of C¢f by using the perturbative QCD factor-
ization theorem. Based on this progress, Chen et al. [14]
calculated the charmless hadronic two-body decays of the
B,, and B; mesons within the framework of the gener-
alized factorization, in which the effective Wilson coeffi-
cients C$f are gauge invariant, infrared safe, and renor-
malization-scale and -scheme independent.

On the experimental side, the observation of thirteen
B — PP,PV decays by CLEO, BaBar and Belle col-
laborations [19-25] signaled the beginning of the golden
age of B physics. For B — K, decays, the data are
well accounted for in the effective Hamiltonian [27,28]
with the generalized factorization approach [15,12,14]. For
B — Kn' decays, however, the unexpectedly large decay
rate B(B — Kn') = (8073" £ 7) x 107 [20] still has no
completely satisfactory explanation and has aroused con-
siderable controversy [29].

In this paper, we will present our systematic calcula-
tion of branching ratios and C P-violating asymmetries for
two-body charmless hadronic decays B — PP, PV (with
charged B, neutral By mesons) in the framework of the
topcolor-assisted technicolor (T'C2) model [30] by employ-
ing the effective Hamiltonian with the generalized factor-
ization. Since the scale of new strong interactions is ex-
pected to be around 1 TeV, the tree-level new physics con-
tributions are strongly suppressed and will be neglected.
We therefore will focus on the loop effects of new physics
on two-body charmless hadronic B meson decays. We will
evaluate analytically all new strong and electroweak pen-
guin diagrams induced by exchanges of charged top-pions
7% and technipions 7T1i and Wét in the quark level processes
b — sV* with V = ~, gluon, Z, and then combine the new
physics contributions with their SM counterparts, find the
effective Wilson coefficients and finally calculate the new
physics contributions to the branching ratios and CP-
violating asymmetries for all fifty-seven decay modes un-
der consideration. We will concentrate on the new physics
effects on charmless B — PP,PV decays and compare
the theoretical predictions in the TC2 model with the SM
predictions as well as the experimental measurements. For
the phenomenologically interesting B — K7’ decays, we
found that the new physics enhancements are significant
in size, ~ 50%, insensitive to the variations of the input
parameters and hence lead to a plausible interpretation
for the large B — K1/’ decay rates.

This paper is organized as follows. In Sect. 2, we de-
scribe the basic structure of the TC2 model and examine
the allowed parameter space of the TC2 model from cur-
rently available data. In Sect.3, we give a brief review
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of the effective Hamiltonian, and then evaluate analyt-
ically the new penguin diagrams and find the effective
Wilson coefficients C¢f and effective numbers a; with the
inclusion of new physics contributions. In Sects.4 and 5,
we calculate and show the numerical results of branch-
ing ratios and C'P-violating asymmetries for all fifty-seven
B — PP,PV decay modes, respectively. We concentrate
on modes with a well-measured branching ratio and siz-
able yields. The conclusions and discussions are included
in the final section.

2 TC2 model and experimental constraint

Apart from some differences in group structure and/or
particle contents, all TC2 models [30,31] have the follow-
ing common features:

(a) strong topcolor interactions, broken near 1 TeV, induce
a large top condensate and all but a few GeV of the top
quark mass, but contribute little to electroweak symmetry
breaking;
(b) technicolor [32] interactions are responsible for elec-
troweak symmetry breaking, and extended technicolor
(ETC) [33] interactions generate the hard masses of all
quarks and leptons, except those of the top quarks;
(c) there exist top-pions #* and #° with a decay con-
stant F7 ~ 50GeV. In this paper we will choose the
well-motivated and most frequently studied TC2 model
proposed by Hill [30] as the typical TC2 model to calcu-
late the contributions to the charmless hadronic B decays
in question from the relatively light unit-charged pseudo-
scalars. It is straightforward to extend the studies in this
paper to other TC2 models.

In the TC2 model [30], after integrating out the heavy
coloron and Z’, the effective four-fermion interactions have
the form [34]

4 2 — -
Lo = M%{ (n + ;;) Prtntrir
+ (ﬁ - %) '(/)LbRbR'(/)L}a (1)

where k = (g3/4m)cot? 0 and k1 = (g?/47)cot?§’, and
M~ is the mass of the coloron V¢ and Z’. The effective
interactions of (1) can be written in terms of two auxiliary
scalar doublets ¢; and ¢o. Their couplings to the quarks
are given by [35]

Lo = MPp o1t + Aoty dobr, (2)

where \? = 47(k + 2k1/27) and A3 = 47(k — k1/27). At
energies below the topcolor scale A ~ 1TeV the auxiliary
fields acquire kinetic terms, becoming physical degrees of
freedom. The properly renormalized ¢; and ¢, doublets
take the form

1=

B (Fﬁ+ \}i(ht—kifro))
/ﬁ' )
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H+
¢2 = <\}§(ﬁ0+1140)> ) (3)

where 7+ and 7° are the top-pions, HE0 and A° are the
b-pions, h; is the top-Higgs, and Fr = 50 GeV is the top-
pion decay constant.
From (2), the couplings of top-pions to t- and b-quark
can be written [30]
* *
fo {ittﬁo T iTRbLAT + i%ﬁber* + h.c} Y

T t

where m; = (1—¢)m; and mj ~ 1 GeV denote the masses
of top and bottom quarks generated by the topcolor in-
teractions.

For the mass of the top-pions, the current 1 — o lower
mass bound from the Tevatron data is mz > 150 GeV [31],
while the theoretical expectation is mz = (150-300 GeV)
[30]. For the mass of the b-pions, the current theoretical
estimate is mzo & mz ~ (100-350) GeV and my =
m%o + 2m? [36]. For the technipions 7i and 7%, the the-
oretical estimates are m,, > 50 GeV and m,, ~ 200 GeV
[37,38]. The effective Yukawa couplings of ordinary tech-
nipions 7r1jE and 7T§t to fermion pairs, as well as the gauge
couplings of unit-charged scalars to gauge bosons v, Z°
and gluon are basically model-independent; they can be
found in [37-39).

At low energy, potentially large flavor-changing neutral
currents (FCNC) arise when the quark fields are rotated
from their weak eigenbasis to their mass eigenbasis, re-
alized by the matrices U, r for the up-type quarks, and
by Dp,r for the down-type quarks. When we make the
replacements, for example,

by, — DlﬁddL + DlﬁssL + l)lﬁbbL7 (5)
br — D¥dg + D% sy + DXbR, (6)

the FCNC interactions will be induced. In the TC2 model,
the corresponding flavor-changing effective Yukawa cou-
plings are

my . _ _ _
¢ [17T+ (DgstRSL + ngthL)

™

—Hf{Jr (DIIE{S'ELSR + D%dZ?LdR) + hC] (7)

For the mixing matrices in the TC2 model, authors
usually use the “square-root ansatz”: to take the square
root of the standard model CKM matrix (Voxw = Uy Dy)
as an indication of the size of realistic mixings. It should
be denoted that the square-root ansatz must be modified
because of the strong constraint from the data of B~ B°
mixing [35,40,41]. In TC2 model, the neutral scalars H°
and A° can induce a contribution to the BY—BJ (¢ = d, 5)
mass difference [34,35]

AMp, 7 _m?
MBq 12 Fgmi—lo

0vq B, Fj, (®)

where Mp, is the mass of B, meson, Fg, is the B;-meson
decay constant, Bp, is the renormalization group invari-

ant parameter, and 0, =~ \Dll:quﬂ. For the By meson,

683

using the data of AMp, = (3.05 + 0.12) x 1071° MeV
[42] and setting Fx = 50 GeV, By’ Fp, = 200 MeV, one
has the bound 5y < 0.76 x 107 for mgo < 600GeV.
This is an important and strong bound on the product
of mixing elements Df“fR. As pointed out in [34], if one
naively uses the square-root ansatz for both Dy, and Dg,
this bound is violated by about two orders of magnitudes.
The constraint on both Dy, and Dgr from the data of the
b — sv decay is weaker than that from the B%~B% mix-
ings [34]. By taking into account the above experimental
constraints, we naturally can set D = 0 for ¢ # j. Un-
der this assumption, only the charged technipions wf, 7r§t
and the charged top-pions 7% contribute to the inclusive
charmless decays b — sqq,dgq with q € {u,d, s} through
the strong and electroweak penguin diagrams.

In the numerical calculations, we will use the “square-
root ansatz” for D¥® and DY, i.e, setting D! = V4/2
and DY = Vj/2, respectively. We also fix the following
parameters of the TC2 model in the numerical calcula-
tion':

My, = 100GeV, m,, =200GeV, F; =50GeV,

F, =120GeV, €= 0.05, 9)
where F). and F; are the decay constants for technipions
and top-pions, respectively. For mx, we consider the range
of mz = 200 £ 100 GeV to check the mass dependence of

the branching ratios and C' P-violating asymmetries of the
charmless B decays.

3 Effective Hamiltonian
and Wilson coefficients

We here present the well-known effective Hamiltonian for
the two-body charmless decays B — hihs. For more de-
tails on the effective Hamiltonian with generalized factor-
ization for B decays, see for example [12,14,27,28].

3.1 Operators and Wilson coefficients in SM

The standard theoretical frame to calculate the inclusive
three-body decays b — sgg? is based on the effective
Hamiltonian [28,12]

G 2
Hor(AB = 1) = 72 0 3 C5(VanViis @ + Ve Vi 25)
j=1

10

= ViV [ D CiQ; + CeQy

Jj=3

(10)

! From explicit numerical calculations in the next section, we
know that the new physics contributions from the technipions
7 and 5 are much smaller than those from the top-pion 7%
within a reasonable parameter space. We therefore fix mr, =
100 GeV and mrg = 200 GeV for the sake of simplicity

2 For b — dgq decays, one simply makes the replacement
s—d
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Here the operator basis reads

Q1= (5¢)v-a(qb)v_a,
Q2 = (5093)v-a(dsba)v-a,

with ¢ = v and ¢ = ¢, and

Qs = (sb)v-a > _(¢'q)v-a,

Q1 = (Sabs)v-a > _(d'5dh)v -2, (12)
q/
Qs = (D)v—a Y (@q)v+a,
q/
Qs = (5abp)v—n Y (7 500)v+a, (13)
q/
3 .
Qr = 5(8b)v-a > eq(d'q)via,
q/
3 .
Qs = 5(Sabs)v-a > eq (@ pa0)vra; (14)
q/
3 _,
Qo = §(Sb)va > eq(@d)v-a,
q/
3 .
Q10 = 5(3abs)v-a > eq(dpdh)v-a, (15)
q/
Qg = gfzmbgaaﬂy(l + 75) aﬁbﬁG;un (16)

8

where o and 3 are the SU(3) color indices, and T3, (a =

1,...,8) are the Gell-Mann matrices. The sum over ¢’ runs
over the quark fields that are active at the scale y =
O(my), ie., ¢ € {u,d,s,c,b}. The operator 1 and Q2
are current—current operators, QQ3—Q¢ are QCD penguin
operators induced by gluonic penguin diagrams, and the
operators @Q7—Q1¢ are generated by electroweak penguins
and box diagrams. The overall factor 2/3 is introduced
for convenience, and the charge e, is the charge of the
quark ¢’ with ¢’ = w,d,s,c,b. The operator @)z is the
chromo-magnetic dipole operator generated from the mag-
netic gluon penguin. Following [12], we also neglect the
effects of the electromagnetic penguin operator @7, and
do not consider the effect of the weak annihilation and
exchange diagrams.

Within the SM and at the scale My, the Wilson co-
efficients C1(Mw), - - -, Cio(Mw) and Cg(Myw ) have been
given for example in [27,28]. They read in the naive di-
mensional regularization (NDR) scheme

11 as(My) 35 tem
My) =1— — W) 299
Ci(Mw) = 6 4r 18 4’
o 11 aS(Mw)
Co(Mw) = 5 Ar
o (M, 2
Ca) =~ 200 i) - 2]
Qlem 1

67 sinZ Oup [2Bo(z+) + Co(z4)],
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Cavw) = = gy - 21
Cottw) = =25 [ - 3.
ColMw) = U ey 2]

Olem ) _ 4
Cr(Miw) = %2 [1C0a0) + Doter) = 5
Cs(Mw) =0,
Co(Muw) = [400@0 + Dolm) —

+ — 219 (1OBg(xt)4Co(xt))} ,

sin” Oy
Cro(Mw) = 0, (17)
Cy() = 0L (13)

where x; = m? /M3, the functions By(z), Co(x), Do(z),
Eyp(z) and Ej(z) are the familiar Inami-Lim functions

[43],
NEITIEINI R
Colr) = 5 | 7= f i”:fl? In x} : (20)
4 —1923 + 2522
D(](LC): §1n$+ﬁ
22(5z% — 2x — 6)
+ 180z — 1)1 Inz, (21)
18z — 1122 — 23
B = T
4 — 16z + 922
- Wln[m], (22)
2z + 5x? — a8
EO( ) |: 44{1 _ $)3
22
+ Mlog[az]] . (23)

Here the function By(x) results from the evaluation of the
box diagrams with leaving lepton pair v or [T1~ [28], the
function Cp(z) from the Z%-penguin, the function Dy(x)
and Eo(z) from the photon penguin and the gluon penguin
diagram respectively, and finally the function E{(x) arises
from the magnetic gluon penguin.

By using QCD renormalization group equations [27,
28], it is straightforward to run Wilson coefficients
Ci(Mw) from the scale p = 0(My) down to the lower
scale . = O(my,). Working consistently to next-to-leading
order (NLO) precision, the Wilson coefficients C; for ¢ =
1,...,10 are needed in NLO precision, while it is sufficient
to use the leading logarithmic value for Cy. At the NLO
level, the Wilson coefficients are usually renormalization-
scheme (RS) dependent. In the NDR scheme, by using
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e

Fig. 1. Typical self-energy and penguin diagrams for the quark
level decays b — (s,d)V* (V = ~,Z° g), with W* (internal
wave lines) and charged pseudo-scalar exchanges (internal dash
lines) in the SM and TC2 model. The internal quarks are the
upper type quark u,c and ¢

the input parameters as given in Appendix A and setting
u=2.5GeV, we find

Oy =1.1245, Cy = —0.2662, C5 = 0.0186,
Cy = —0.0458, C5=0.0113, Cs= —0.0587,
C7=-55x10"% Cs=6.8x107%,

Co = —0.0095, Cip=0.0026, Cf =-0.1527. (24)

Here, C’;H = C; + Cs. These NLO Wilson coefficients are
renormalization-scale and -scheme dependent, but such a
dependence will be canceled by the corresponding depen-
dence in the matrix elements of the operators in Heg, as
shown explicitly in [28,44].

3.2 New strong and electroweak penguins
in the TC2 model

For the charmless hadronic decays of the B meson un-
der consideration, the new physics will manifest itself by
modifying the corresponding Inami-Lim functions Cy(x),
Dy(z), Eo(x) and E{(z) which determine the coefficients
Cs(Mw),...,Cio(Mw) and Cy(Mw ), as illustrated in
(17) and (18). These modifications, in turn, will change for
example the standard model predictions for the branch-
ing ratios and CP-violating asymmetries for the decays
B — hihs.

The new strong and electroweak penguin diagrams can
be obtained from the corresponding penguin diagrams in
the SM by replacing the internal W¥ lines with the unit-
charged scalar (7r1i, wgt and 7%) lines, as shown in Fig. 1.
In the analytical calculations of those penguin diagrams,
we will use dimensional regularization to regulate all the
ultraviolet divergences in the virtual loop corrections and
adopt the MS renormalization scheme. It is easy to show
that all ultraviolet divergences are canceled for each kind
of charged scalar, respectively.

Following the same procedure as in [41,43], we cal-
culate analytically the new Z°-penguin diagrams induced
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by the exchanges of the charged scalars ﬂit, 7r§'E and 7%,
and we find the new Cy function which describes the NP
contributions to the Wilson coefficients through the new
Z9-penguin diagrams,

1 m2 m2
TC2 T T
= | &7 o
TV {4&% olue) + gpgTol=0)
8m?2
+ SrTie)]. (25)
with
1'2 .172
Tt = - — 1 26

where y; = m}%/m2 with mj = (1 — €)my, 2t = (emy)?/
mz,, & = (emy)?/m3,.

By evaluating the new ~-penguin diagrams induced
by the exchanges of three kinds of charged pseudo-scalar
(7*, 7r1i, wgt), we find that

1
DTC2 _ E
0 {4\@GFF,~% 0(ye)
1
+ ——— | F + 8F; , 27
3\/§GFF§[ 0(zt) o(&)]} (27)
with
A7 — 79z + 3822
Fo@) = —gsa =0y
3 — 622 4 423
—_1 . 2
801 — )7 og|z] (28)

By evaluating the new gluon-penguin diagrams
induced by the exchanges of three kinds of charged pseudo-
scalar (7%, 75, 75) as has been done in [8,9], we find that

1

1
EF? =) L)+ —— I
0 {4\/§GFF§ 0(yt) 3\/§GFF§[ o(zt)

+ 8Ip(&) + 9N0(£t)]}7 (29)
B1 {0+ Rt
+ 8Ky (&) + 9L0(£t)]}, (30)
with

() = = ;ﬁ”f;ﬁxz - ?ég(ci - if)”j logla],  (31)
Kolz) = —> _63”_ ;)2303’2 + i - if;j loglz], (32)
o) =~ 20 M g, (39)
No(z) = ”3(?(175”_ 2)23”2 o L Srloslel. (39)
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Using the input parameters as given in Appendix A
and (9), and assuming mz = 200 GeV, we find numerically
that

{Cy, Do, Eo, E'0}T?| 1= a1y = {1.27,0.27,0.66, —1.58}
(35)

if only the new contributions from top-pion penguins are
included, while

{Cy, Do, Eo, E'0} 7| s=ary, = {0.0002,0.03,0.04, —0.14}
(36)

if only the new contributions from the technipion penguins
are included. It is evident that it is the charged top-pion
7+ that strongly dominates the NP contributions, while
the technipions flay a minor rule only. We therefore fix
the masses of 77 and 73 in the following numerical cal-
culations.

Using the input parameters as given in Appendix A
and (9) and assuming mz = 200 GeV, we find that

{Cy, Do, Eo, By}™ | rry = {0.81,-0.48,0.27,0.19},
(37)

{Cy, Do, Eo, By} T2 i ary = {1.27,0.30,0.71, —1.72}.
(38)

It is easy to see that the new physics parts of the functions
under study are comparable in size to their SM counter-
parts. The SM predictions, consequently, may be changed
significantly through interference. For the Cy and Ey func-
tions, they will interfere constructively. For the Dy and E)
functions, on the contrary, they will interfere destructively.
One also should note that the magnitude of E OTC2 is much

larger than its SM counterpart, and hence E’ 502 will dom-
inate in the interference. We will combine the two parts
of the corresponding functions to define the functions as
follows:

Co(Mw) = Co(Mw )™ + Co(Mw )",
Do(My) = Do(Mw )™ + Do(My )T,
Eo(Mw) = Eo(Myw )™ + Eo(Mw) ",
Ey(Mw) = E'o(Mw )™ + E'o(Mw)™%,  (39)

where the functions Do ( My, )M, Eq(My, )M, Co(My )SM
and Ej(My )™ have been given in (20), (21, (22) and
(23), respectively, while the functions Co(My)T¢2,
Do(Myw)T2, Eo(Mw)TC? and E}j(My)T? have also
been defined in (25), (27), (29), and (30), respectively.
Since the heavy charged pseudo-scalars appearing in
the TC2 model have been integrated out at the scale My,
the QCD running of the Wilson coeflicients C;(My) down
to the scale = O(myp) after including the NP contribu-
tions will be the same as in the SM. In the NDR scheme,
by using the input parameters as given in Appendix A and
(9), and setting mz = 200 GeV and p = 2.5 GeV, we find
that
Cy = 1.1245,

Cy = —0.2662, C3 = 0.0195,
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Cy = —0.0441, Cs5=0.0111, Cg= —0.0535,
Cr = 0.0026, Cs=0.0018, Cy= —0.0175,
Cio = 0.0049, €& =0.3735, (40)

where C’;H = (C; + Cs. By comparing the Wilson coefhi-
cients in (40) with those given in (24), we find that the
(1,2 remain unchanged, Cs 45 ¢ changed moderately, and
Cr 89,10 and CST changed significantly because of the in-
clusion of new physics contributions.

3.3 Effective Wilson coefficients

Using the generalized factorization approach for nonlep-
tonic B meson decays, the renormalization-scale and -
scheme independent effective Wilson coefficients C¢% (i =
1,...,10) have been obtained in [16,13,12] by adding to
C;(p) the contributions from vertex-type quark matrix el-
ements, denoted by the anomalous dimensional matrix vy
and the constant matrix 7y as given for example in [12].
Very recently, Cheng et al. [18] studied and resolved the
so-called gauge and infrared problems [17] of the gener-
alized factorization approach. They found that the gauge
invariance is maintained under radiative corrections by
working in the physical on-mass-shell scheme, while the
infrared divergence in radiative corrections should be iso-
lated using the dimensional regularization and the resul-
tant infrared poles are absorbed into the universal meson
wave functions [18].

In the NDR scheme and for SU(3)¢, the effective Wil-
son coefficients C$ can be written as [12,14]

Cj,

3 (7 N my
CCﬁ:O s T Tl o
1 Lo (Tv+’YV ogﬂ g

eff O ~ mp
05" = 02+ﬁ (T$+’Y\T/10gﬂ

(67 m
Ot =Cy+ = <f$+7$1og”

Qg N mp
Ceﬂ:C s T Tl ) .
5 5+47r (TVJF’YV OgM . J

1 ag
- gg(ct + Cp + Cy),

Q R m
cgﬂ=06+s(r$+y$1ogb) C;
ar B/ 6

1 ag
+ 5@(@ + Cp + Cy),

Qg N my

7j 8w
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Qg ~ my
cst =g+ = (T +~48 g — ) Cj,
3 8+47r(7"v+’7v Ogﬂ y J

Qg N my Qe
CM =Cy+ = (L 47T 10g —) O+ =C,
9 9+4ﬂ_(7"v+’7v Ogu y g+8ﬂ_ )

) m
8 =Cho+ Z (T\T/ + 7y log b) Cj, (41)
K/ 105

where the matrices 7y and vy contain the process indepen-
dent contributions from the vertex diagrams. Like [14], we
here include vertex corrections to C7—Cio®. The anoma-
lous dimension matrix vy has been given explicitly, for
example, in (2.17) of [14]. Note that the correct value of
the element (Fnpr)es and (#Npr)ss should be 17 instead
of 1 as pointed out in [45]. #v in the NDR scheme takes
the form

3-900 00000 0
~93 00 00000 0
00 3-900000 0
00-9300000 0
o _ | 000013000 0 2)
000 0-317000 0
000O0GO0O0=1300
0000 O0O0=3170 0
000O0O0O0TO0O O 3 -9
00 00O0O0GO0O0-93

The functions Cy, Cp, and Cy in (41) describe the
contributions arising from the penguin diagrams of the
current—current ¢; 2 and the QCD operators J3-Q¢, and
the tree-level diagram of the magnetic dipole operator @,
respectively. We here also follow the procedure of [13] of
including the contribution of the magnetic gluon penguin
operator ;. The effective Wilson coefficients in (41) are
now renormalization-scheme and -scale independent and
do not suffer from gauge and infrared problems. The func-
tioals Ct, Cp, and C, are given in the NDR scheme by [12,
14]

A

Co= |5+ 326(m) + 556(ma) | €1 (43
c, = [3 — G(my) — G(mb)} o)
D SN R ) (e ()
i=u,d,s,c,b 3
. — S E + %G(mu) 4 ;\\jG(mc)} (C1 +3Ch),
(45)
€, = — g, (46)
(k2) ®

3 Numerically, such corrections are negligibly small
4 The constant term 2 /3 in front of C4y 4 Cs in Cp was missed
in [12], but recovered firstly in [14]
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with Ays = ViV ,- The function G(m, k, 1) is of the form
[46]
10 2. [m? 212 2(1+22)
G(m, k ~In|— —
() = g~ | 2| 2 HLEZE g,
(47)
where z = k%/(4m?), and
/1 —2 z
. arctan [1_ ], z <1,
g9(2)= (48)

b o] o

where k? is the momentum squared transferred by the
gluon, photon or Z to the ¢’q’ pair in inclusive three-body
decays b — qq'q’, and m is the mass of the internal up-type
quark in the penguin diagrams. For k2 > 4m?, an imagi-
nary part of g(z) will appear because of the generation of
a strong phase at the @u and éc threshold [46-48].

For the two-body exclusive B meson decays any infor-
mation on k2 is lost in the factorization assumption, and
it is not clear what “relevant” k2 should be taken in the
numerical calculation. Based on simple estimates involv-
ing two-body kinematics [49] or the investigations in the
first paper of [10], one usually uses the “physical” range
for k2 [49,48,44,12,14],

my
4

my
5

SN

2
<M (49)

Following [12,14], we use k? = mf/Z in the numerical cal-
culation and will consider the k* dependence of branch-
ing ratios and C P-violating asymmetries of the charmless
B meson decays. In fact, the branching ratios considered
here are not sensitive to the value of k2 within a reason-
able range of k2, but the C'P-violating asymmetries are
sensitive to the variation of k2.

4 Branching ratios of B — PP, PV decays

In numerical calculations, we focus on the new physics
effects on the branching ratios and CP-violating asym-
metries for B — PP, PV decays. For the standard model
part, we will follow the procedure of [12] and compare our
SM results with those given in [12,14]. Two sets of form
factors at the zero momentum transfer from the BSW
model [15], as well as lattice QCD and light-cone QCD
sum rules (LQQSR) will be used, respectively. Explicit
values of these form factors can be found in [12] and have
also been listed in Appendix B.

Following [12], the fifty-seven decay channels under
study in this paper are also classified into five different
classes (for more details about the classification, see [12])
as listed in the tables. The first three and last two classes
are tree-dominated and penguin-dominated decays,
respectively.
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(1) Class-I: including four decay modes, B® — 7~ 7+,
ptn¥ and BY — p~ K7, the large and N stable co-
efficient a1 play the major role.

(2) Class-1II: including ten decay modes, for example B® —
7970, and the relevant coefficient for these decays is as
which shows a strong N dependence.

(3) Class-III: including nine decay modes involving the in-
terference of class-I and class-II decays, such as the decays
BT — .

(4) Class-1V: including twenty-two B — PP,PV decay
modes such as B - K 77(/) decays. The amplitudes of these
decays involve one (or more) of the dominant penguin co-
efficients a4 6,9 with constructive interference among them.
The class-IV decays are N stable.

(5) Class-V: including twelve B — PP, PV decay modes,
such as B — 799() and B — ¢K decays. Since the am-
plitudes of these decays involve large and delicate cance-
lations due to interference between strong N dependent
coefficients a3 5 7,10 and the dominant penguin coefficients
as,6.9, these decays are generally not stable against N,

4.1 Decay amplitudes in the BSW model

With the factorization ansatz [15,12,14], the three-hadron
matrix elements or the decay amplitude (XY|Heg|B) can
be factorized into a sum of products of two current ma-
trix elements, (X |J'|0) and (Y|J2,|B) (or (Y]J}'|0) and
(X|J2,|B)). The former matrix elements are simply given
by the corresponding decay constants fx and gx [50];

(01,1 X(07)) = ifxkp, (O[Ju[ X (17)) = Mxgxep, (50)

where fx (gx) is the decay constant of the pseudoscalar
(vector) meson, and €, is the polarization vector of the
vector meson. For the second matrix element (Y|.Jo,|B),
the expression in terms of Lorentz-scalar form factors [15,
50] are of the form

(X(07)|JulB) =
M% — M%

(kp + kx)p — =Lk

M — M?
4 k2 Xk FB—)X(kQ)
(

XA)JulB) =
2
Vo T €pvpo€ kGRS VI (k)
2Mx
k2

+i(Mp + Mx) [GZ -

i € -k
Mp + Mx

<[tk + k-

(51)

Hie® - k=K, Ag(k?)

6*

-k
b 4

M% — M%

7 X } Ao (k?), (52)

where k* = kly, — k', and Mp, Mx, My are the masses of
meson B, X and Y, respectively. The explicit expressions
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of form factors Fp 1(k?),V (k%) and A 12(k?) have been
given in Appendix B.

In the generalized factorization ansatz [12,14], the ef-
fective Wilson coefficients Cfff will appear in the decay
amplitudes in the combinations

cstt
a2i—1 *CQZ 1+ Neff’
cstt
ag; = CS + ]\2[1; (i=1,...,5), (53)

where the effective number of colors N °ff is treated as a
free parameter varying in the range of 2 < Nt < o0,
in order to get a primary estimate of the size of the non-
factorizable contribution to the hadronic matrix elements.
It is evident that the reliability of the generalized fac-
torization approach has been improved since the effec-
tive Wilson coefficients Cfﬂ appearing in (53) are now
gauge invariant and infrared safe. Although N¢¥ can in
principle vary from channel to channel, in the energetic
two-body hadronic B meson decays, it is expected to be
process insensitive as supported by the data [14]. As ar-
gued in [16], N¢f(LL) induced by the (V — A)(V — A)
operators can be rather different from NS (LR) gener-
ated by (V — A)(V + A) operators. Since we here focus
on the calculation of new physics effects on the stud-
ied B meson decays induced by the new penguin dia-
grams in the TC2 model, we will simply assume that
N (LL) = NS#(LR) = N and consider the variation of
N in the range of 2 < N < 0o, For more details about
the cases of NS (LL) # N (LR), see for example [14]. We
here will also not consider the possible effects of the final
state interaction (FSI) and the contributions from annihi-
lation channels, although they may play a significant rule
for some B — PV, VV decays.

The effective coefficients a; are displayed in Table 1 and
Table 2 for the transitions b — d (b — d) and b — s (b —
5), respectively. Theoretical predictions of a; are made by
using the input parameters as given in Appendix A and
(9), and assuming k%> = m?2/2 and mz = 200 GeV. For
the coefficients ag, ..., aig, the first and second entries in
Tables 1 and 2 refer to the values of a; in the SM and TC2
model, respectively.

The new physics effects on the B decays under study
will be included by using the modified effective coeflicients
a; (1 =3,...,10) as given in the second entries of Tables 1
and 2. In the numerical calculations the input parameters
as given in Appendix A, B and (9) will be used implicitly.

From Tables1 and 2, one can find several interesting
features of the coefficients a; because of the inclusion of
NP effects:

(a) the NP correction to the real part of the effective co-
efficients is around 20% for a3 4.5 6, and can be as large as
a factor of 4 for the coeflicients a7 g 9 10;

(b) the NP correction to the imaginary part of a; is neg-
ligibly small;

(c) the coefficient a; and az remain unchanged since we
have neglected the very small tree-level NP contributions.
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Table 1. Numerical values of a; for the transitions b — d [b — d]. The first and second

entries for as, ...
The entries for as, ...

,a1o refer to the values of a; in the SM and TC2 model, respectively.
,a10 should be multiplied by 10~*

N =2 N =3 Ne = oo
a1 0.995 [0.995] 1.061 [1.061] 1.192[1.192]
as 0.201[0.201] 0.026 [0.026] ~0.395 [0.395]
as 16— 7i[-25 — 23i] 77 [77) 261 + 13i [280 + 4T
26 — 8i[—35 — 24i] 90 [90] 322 + 15i [340 + 49i]
as  —423 — 33i[—470 — 117i]  —467 — 35i[~517 — 125i]  —554 — 39i[~610 — 141i]
—534 — 381 [—580 — 122i] —588 — 401 [—638 — 130i] —695 — 451 [—751 — 146]
as  —192 — 7i[-202 — 23i] —T1[-71] 171 + 131 [190 + 47i]
~195 — 8i[-205 — 24i] —57[=57] 218 + 151 [237 + 49i]
ag —642 — 331 [—689 — 117i] —671 — 351 [—721 — 125i] —728 — 39i [—784 — 141]]
—718 — 38i[—764 — 122i]  —754 — 40i[—804 — 130i] —827 — 45i [—884 — 146i]
ar 8.1— 0.9i[7.7 — 1.7i] 6.9 — 0.9i[6.4 — 1.7i) 4.3 —0.9i[3.9 — 1.7i)
34 —0.91[34 — 1.7i] 31 —0.91[30 — 1.74] 24.3 —0.91[23.9 — 1.7i]
as 9.7 — 0.51[9.5 — 0.8i] 9.0 — 0.31[8.8 — 0.6i] 7.5[7.5]
32 — 0.51[31 — 0.8i] 28 — 0.3i[27 — 0.6i] 19.4[19.4]
ap  —83.7—0.9i[-84.1—1.7]  —90— 0.9i[-90 — 1.7]  —102 — 0.9i [~102 — 1.7i]
—153 —0.9i[-153 — 1.7]  —164 — 0.9i[~165 — 1.7 —187 — 0. 91[ 188 — 1.7i]
a0 —14.4—0.5i[~14.6 — 0.8]] —2.6 — 0.3i[~2.5 — 0.6i] 37(37)
95 0.5i[-25—0.8]  —6.6— 0.3i[—6.5 — 0.6i] 69 [69]
Table 2. Same as Table 1 but for the b — s [b — 3] transitions
N — o NeF — 3 N — oo
a1 0.995 [0.995] 1.061 [1.061] 1.192[1.192]
az 0.201[0.201] 0.026 [0.026] ~0.395[0.395]
as —21 — 14i[—19 — 14i] 777 272 4 291 [269 + 29i]
—31 — 15i[~30 — 15i] 90 [90] 332 + 31i [329 + 31i]
ai 449 — T2i[—442 — 72i]  —494 — TTi[—487 — 7Ti]  —585 — 86i[—576 — 86i]
—560 — 771 [—553 — 77i] —615 — 821 [—608 — 82i] —T725 — 92i [—-717 — 92i]
as  —198 — 14i[~196 — 14i] —71[-71] 181 + 291 [179 + 29i]
~200 — 15i[~199 — 15i] 57 [=57] 229 + 31i [226 + 31
as  —667 — T2i[—661 — 72i]  —698 — TTi[—691 — TTi]  —758 — 86i[—T750 — 86i]
744 TTI[-737 — 7T —782 — 82i[-774 — 82  —858 — 92i[~850 — 92i]
ar 7.9 — 1.3i[7.9 — 1.3i] 6.6 — 1.31[6.7 — 1.3i] 41— 1.3i[4.2 — 1.3i]
34— 1.3i[34 — 1.3i] 31— 1.3i[31 — 1.3i] 247131[247131]
as 9.6 — 0.6i[9.6 — 0.6i] 8.9 — 0.4i[8.9 — 0.4i] 5[7.5]
32 — 0.61[32 — 0.6] 28 — 0.4i [28 — 0.4i] 19.4[19.4]
as  —84—1.3i[-84 — 1.3i] 90 — 1.3i[~90 — 1.3]  —102 — 1.3i[~102 — 1.3i]
—153 — 1.3i[~153 — 1.3]  —165 — 1.3i[~164 — 1.3i] —188—131[ 187 — 1.3i)
a0 —14.5— 0.61[=14.5 — 0.6] —2.2 — 0.4i[~2.6 — 0.4i] 37[37)
25 0.6i[-25— 0.6]]  —6.6— 0.4i[~6.6 — 0.4i] 69 [69]
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4.2 Branching ratios of B — PP decays

Using the above formulas, it is straightforward to find
the decay amplitudes of B — PP,PV. As an example,
we present here the decay amplitude M (B~ — 7~ 7%) =
(m=7°|Heet| B, ),

Gr
2

—.0
_Vvtbv;;;l {(a4 + a0 + (aﬁ + a8)R1)M(;ruuﬂ

M(B_ — 71'_7TO) {Vubv d(alM i + a2Mduu )

3 a
— <a4 + §(a7 —ag) — %
-0
+ (as =5 ) Re) M|} (54)
with
2m2_
R, = = , 55
L= Ty ) (m ) (55)
2
m_o
Ry= —F@ o6
27 ma(my, —ma) (56)
ZJJO = —i(m} —m2 ) fFPT(m2o),  (57)
Mduu = _1(m2B - mfro)wadB’T(mi,), (58)

where f, is the decay constant of the m meson. The form
factor FP™(m?) can be found in Appendix B. Under the
approximation of setting m, = mg and m,o = m,—, the
decay amplitude M (B~ — 7~ %) in (54) will be reduced
to the same form as the one given in (80) of [12]:

M(B~ =71 % = fl—fﬁFdB”(
X {Vub

2)(mp —m2)
Vialar + az)

—th‘/;}g(—m—l—ag + aio +G8R2)} . (59)
In the following numerical calculations, we use the decay
amplitudes as given in Appendix A of [12] directly without
further discussions about the details.

In the B rest frame, the branching ratios of the two-
body B meson decays can be written as

1 |pl
Ftot 871'M2

for the B — PP decays, and

B(B— XY) =

|M(B — XY)[*>  (60)

1 [pP

B(B— XY) = Tron STAZ

|M(B — XY)/(c-pp)l* (61)

for the B — PV decays. Here Iiot(B,) = 3.989x
10713 GeV and It (BY) = 4.219 x 10713 GeV; this is ob-
tained by using 7(B, ) = 1.65ps and 7(BY) = 1.56 ps [42].
pp is the four-momentum of the B meson, My and € is the
mass and polarization vector of the produced light vector
meson respectively, and

1
2Mp

Ip| = (Mg — (Mx + My )?|[M3 — (Mx — My )?]

(62)
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is the magnitude of the momentum of particle X and Y
in the B rest frame.

In Tables 3-8, we present the numerical results of the
branching ratios for the twenty B — PP decays and thirty-
seven B — PV decays in the framework of the SM and
TC2 model. The theoretical predictions are made by using
the central values of the input parameters as given in (9)
and Appendix A and B, and assuming mz = 200 GeV and
N, gﬁ = 2,3, 00 in the generalized factorization approach.
The k2 dependence of the branching ratios is weak in the
range of k> = m?/2 + 2GeV? and hence the numerical
results are given by fixing k? = m? /2. The currently avail-
able CLEO data [19-21] are listed in the last column. The
branching ratios collected in the tables are the averages of
the branching ratios of B and anti-B decays. The ratio 68
describes the new physics corrections on the SM predic-
tions of the corresponding branching ratios and is defined
by

B(B = XY)T¢? — B(B — XY)SM

SB(B = XY) = BB S XY

(63)

By comparing the numerical results with the CLEO
data, the following general features of B — PP decays
can be understood:

(1) The SM predictions for five measured B® — 77~
and B — K7 decay modes are consistent with the CLEO
data. But for the measured B — K1/ decays, the observed
branching ratios are clearly much larger than the SM pre-
dictions [11,12,14]. All other estimated branching ratios
in Tables 3 and 4 are consistent with the new CLEO upper
limits.

(2) The uncertainties of the SM predictions for the branch-
ing ratios of B — PP decays induced by varying k2 is
~ 10% within the range of k% = m?/2 4+ 2 GeV2.

(3) For most class-II, IV and V decay channels, such as
B — nn(/), B — Km,B — K/, etc. the NP enhancements
to the decay rates can be rather large: from 20% to 70%
of the SM predictions.

(4) For most B — PP decay channels, the magnitude of
theﬁNP effects is insensitive to the variations of mz and
Ne

(5 ) The central values of the branching ratios obtained by
using the LQQSR form factors will generally be increased
by about 15% when compared with the results using the
BSW form factors, as can be seen from Tables3 and 4.
Irrespective of whether the BSW or the LQQSR form fac-
tors were used, the magnitude and whole pattern of the
new physics corrections to the decay rates of our study
remain basically unchanged.

(6) Both new gluonic and electroweak penguin diagrams
contribute effectively to most decay modes.

4.2.1 B — 7w, K7 decays

There are so far seven measured B — PP decay modes
[20,21,24,25]:

B(B — 7tmr7)
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Table 3. B — PP branching ratios (in units of 107%) using the BSW form factors, with k? = m? /2,
A =081, A =0.2205, p = 0.12, n = 0.34, N = 2,3, 00 and assuming mz = 200 GeV, in the SM
and TC2 model by employing generalized factorization approach. The last column contains the
measured branching ratios and upper limits (90% C.L.) [19,20]
SM TC2 0B[%)]
Channel Class 2 3 00 2 3 00 2 3 oo Data
B watr™ 1 9.10 103 13.0 9.27 105 132 19 18 1.6 43715405
B? — 7x° I 028 0.5 0.92 028 016 094 1.0 63 28 <93
Bt > atg® 111 6.41 5.06 285 6.41 507 2.8 01 01 01 <127
B® — nn 11 0.14 0.10 029 0.20 0.17 038 40 64 30 <18
B =y 11 0.14 008 038 019 013 045 30 67 19 <27
B® - o'y 11 0.0 0.01 0.13 0.04 002 0.14 13 73 78 <47
BT -ty 11 351 278 1.75 385 3.17 225 10 14 28 <5.7
BT — aty/ 11 249 1.88 1.02 259 199 116 38 58 13 <12
B% — 7% A 0.26 0.29 0.39 036 042 057 42 44 46 <2.9
B® — 7%/ A% 006 008 0.14 0.08 0.10 018 37 35 26 <57
Bt —» Ktr® 1V 120 135 167 196 21.8 265 63 61 59 11.6759%1%
B - Ktn= 1V 17.8 198 240 244 269 322 37 36 35 17.2725+1.2
BT = K%t IV 199 232 30.6 27.7 327 440 39 41 44 182755+ 16
B - K°7z° IV 7.27 831 107 7.95 936 126 93 13 18 1467397133
BT - Kty v 391 456 6.07 4.09 508 745 46 11 23 <69
BT — Kty 1V 22.6 285 424 338 41.6 595 50 46 40 807047
B° — K% Y% 322 363 458 333 390 523 3.6 75 14 <93
B® — K% v 21.9 282 430 329 413 61.2 50 47 43 8971549
Bt - KTK° 1V 1.16 135 1.78 1.61 190 255 38 40 43 <5.1
B® - K°K° 1V 110 1.28 1.68 152 1.80 241 38 40 43 <17
_ 18 —6
~J (43718 £ 0.5) x 1079 [CLEO], (64) = (89718 +9) x 1075 [CLEOQ]. (70)
= +2.841.2 -6
(9-3727717) x 10 [BaBar], The measurements of CLEO, BaBar and Belle are in good
B(B — K*x9) agreement within the errors.
- . 0 += de.
LL6H0H ) % 10-6 ICLEO Being in a class-I decay channel, thg B —»nm K de
_ (11.67575175) x 10 [ s (65) cays are dominated by the b — u tree diagram. This mode
(18.8132 +2.3) x 107¢ [Belle], together with the B® — 7%7% and Bt — 7770 decays
L play an important role in the determination of the angle
B(B — K"n™) = a. For all three B — 7 decay modes, the new penguin
(17.21‘3-2 +1.2) x 1076 [CLEO], enhancement is very small, < 6.3% for Ngff =2 — 00, as
(12.5+3Z0+1.3 +2.3) x 10-% [BaBar] (66) listed in Tables 3 and 4. The theoretical predictions in the
(17 4;?(131; 4) x 10 Belle] ’ SM and TC2 model are consistent with the CLEO data.
46— elel For B® — n)n() decays, the NP enhancement is vary-
B(B — K ™) ing in the range of 10% to 70%. For the Bt — xtn()
_ (18'2+i'8 +1.6) x 106 [CLEO] (67) decays, the NP enhancement is around 10% and depends
B 0.0 on N¢ moderately. For the B — 7°7") decays, the NP
B(B— K'r") enhancement is large, 30%—60%, and insensitive to the
(14.673924) 5 106 [CLEO], variation of N¢T.
= (21+9.3-i-2.5)' x 1076 [Belle] (68) In the SM, the four class-IV decays B — K7 are dom-
—T8-23 ’ inated by the b — sg gluonic penguin diagram, with addi-
B(B — K™n') tional contributions from the b — u tree and electroweak
110 6 penguin diagrams. Measurements of B — K7 decays are
= { (802" £7) x 10 [CLEO], (69) particularly important for measuring the angle . In the

(62 £ 18 + 8) x 1075 [BaBar],
B(B — K°)

TC2 model, the new penguin diagrams will interfere with
their SM counterparts and change the SM predictions for
the branching ratios and C P-violating asymmetries.
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Table 4. Same as Table 3, but using the LQQSR form factors

SM TC2 5B[%]

Channel Class 2 3 00 2 3 00 2 3 oo Data

B 5 atr™ 1 10.8 123 155 11.0 125 158 1.9 1.8 1.6 437%+05

B — 7979 I 0.33 018 1.09 033 0.19 1.12 1.0 6.3 28 <93

BT >t 1III 7.62 6.02 3.39 763 6.03 339 01 01 01 <127

B = np I 0.17 0.13 036 0.24 021 047 40 64 30 <18

B =y 11 0.17 0.09 045 0.22 0.15 053 30 67 19 <27

B® = o'y II 0.05 0.01 015 0.05 0.02 016 13 73 7.8 <47

BT 1ty III 4.25 337 213 466 383 273 9.6 14 28 <57

Bt = aty/ 111 290 217 1.17 301 230 133 3.8 58 14 <12

B = 7% \Y4 0.31 0.35 047 043 050 069 42 44 46 <2.9

B® — 7%/ \Y 0.07 0.09 0.17 009 012 021 37 36 26 <57

BT - Ktz% IV 143 160 19.8 232 258 314 63 61 58 11.6759%1%

B - Ktn= 1V 21.2 235 285 290 320 384 37 36 35 17.2%2°%41.2

BT - K%+t 1V 23.7 27.7 364 330 389 523 39 41 43 18271%+1.6

B - K°2° 1V 868 9.92 127 951 11.2 151 9.6 13 18 14.6739733

BT - Kty v 437 510 6.80 454 566 833 39 11 22 <6.9

Bt - Kty 1V 26.2 331 492 392 482 69.1 50 46 40 80T 047

B° — K% v 3.57 4.02 5.07 367 430 576 28 68 14 <93

B - K% v 25.5 327 499 381 480 71.1 50 47 43 89T15+9

BT - KTK® IV 1.35 1.58 207 1.87 221 296 38 40 43 <5.1

B - K'K° 1V 128 1.49 1.96 1.77 2.09 280 38 40 43 <17

It is well known that the effective Hamiltonian calcula- (2.5+ 0.0fgjgfg‘g) x 1076
tions of charmless hadronic B meson decays contain many in SM
bes : : B(B — K% = ’ (74)

uncertainties, including form factors, light quark masses, (2.3 + 0.0+0.4+0.8+0.1) % 106
CKM matrix elements, the QCD scale and the external . TC2_0‘3_0.3_0'4

momentum k2. As a simple illustration of the theoretical
uncertainties, we calculate and show the branching ratios
of four B — K7 decay modes by using FP™(0) = 0.20
(preferred by the CLEO measurement of B — 77~ mode
[51]) instead of the ordinary BSW value F£7(0) = 0.33
(all other input parameters remain unchanged) and by
varying 7, k? and mz in the ranges of n = 0.34 £ 0.08,
k* = m?/2 £ 2GeV? mz = 200 £ 100 GeV, and setting
Neff =23 o0:

1+1.6+1.4

(5.840.1%5577

in SM,

(10.1 4+ 0.175+ 35153
in TC2,

(7.3+0.1197+12
in SM,

(9.9 £ 0.1 24190
in TC2,

(8.5 +0.070-327
in SM,
(12.0 £0.0°
in TC2,

) x 1076

B(B - K*t7%) = (71)

) x 1076

) x 1076

BB — K*n~) = (72)

) x 1076

) x 1076

B(B — K07T+) = 1.544.2+1.2

1.0-1.8-0.8

) x 1076

where the first, second and third error correspond to the
uncertainty 6n = 40.08, §¢> = £2 and 2 < N <
oo respectively, while the fourth error refers to dmsz
+100 GeV. By comparing the ratios in Tables 3, 4 and in
(71)—(74), it is easy to see that the central values of the
branching ratios B(B — K ) are greatly reduced by using
F£™(0) = 0.20 instead of 0.33; the new physics enhance-
ments therefore become essential to make the theoretical
predictions consistent with the data.

Figure 2 shows the mass and NS dependence of the
ratios B(B — K*7%) in the SM and TC2 model using the
input parameters as given in Appendix A and B and em-
ploying the BSW form factors. In Fig. 2a, we set N = 2
and assume that mz = 100-300 GeV. In Fig.2b, we set
mz = 200GeV and assume that ¢ = 1/N% = 0 — 0.5.
In Fig.2 the short-dashed line and solid curve show the
branching ratio of B — K*7% decay in the SM and
TC2 model, respectively. The band between the two dot-
ted lines corresponds to the CLEO data with 20 errors:
B(B — K*7%) = (11.675%) x 1076.

In the same way as in Fig.2, Figs.3, 4 and 5 show
the mass and N¢T dependence of the branching ratios of
the decay B — K*t7% K+7n~, K% and K°n, respec-
tively. In these three figures, the short-dashed lines and
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Table 5. Same as Table 3, but for branching ratios of B — PP decays with new
physics contributions from charged-scalar gluonic penguins only

TC2: QCD only 0B %)]
Channel Class 2 3 %9 2 3 9 Data
B s ata™ 1 927 105 133 1.90 186 1.90 4.3%¢+05
B® — n%° II 0.34 022 1.01 233 479 985 <93
BT —atz? 1N 6.41 506 285 00 00 00 <127
B I 0.17 0.14 034 238 371 165 <18
B = n 019 0.13 045 321 687 17.7 <27
B = 'y I 0.05 002 015 293 162 169 <47
BT - oty 11 3.75 3.05 210 6.86 9.86 197 <5.7
Bt — Ty 111 2.65 2.05 125 6.11 9.38 21.8 <12
B — 7% \Y 0.36 0.41 0.54 402 405 37.8 <29
B — 7%/ \Y 0.12 0.15 0.24 107 972 652 <57
Bt - Kt72® IV 16.0 18.0 224 33.0 335 341 11.6739F11
B - Ktr= 1V 245 273 333 377 382 39.1 17.2%2%+1.2
BT —» K°7T 1V 27.3 317 415 370 36.5 357 18215 +1.6
B —» K°2° 1V 104 11.8 151 425 424 420 146739721
BT - Ktp 1V 502 590 7.95 284 294 30.8 <6.9
Bt - Kty IV 374 452 632 656 588 49.0 807" +7
B® — K% v 425 4.85 6.22 321 336 358 <93
B — K%/ v 36.1 44.2 63.1 644 571 469 89718 +9
BT - KTK° 1V 1.59 1.84 241 364 359 352 <5.1
B - K'K° 1V 1.50 1.74 227 364 359 352 <17

solid curves show the branching ratios for relevant decay
modes in the SM and T'C2 model. The band again refers to
the corresponding CLEO data with 20 errors, respectively:
B(B — Ktr~) = (17.272%) x 107%, B(B — K’rt) =
(18.2798) x 1076 and B(B — K°7%) = (14.67135) x 1076.
The large theoretical uncertainties are not shown in all
four figures.

Although the new physics enhancements to the branch-
ing ratios of the B — K7 and K97t decays are relatively
large as illustrated in Figs. 2, 3 and 4, the theoretical pre-
dictions for the B — K decays in the TC2 model are
still consistent with the CLEO measurements within the
20 errors after taking into account the existing large the-
oretical uncertainties. If one uses F2™(0) ~ 0.20 instead
of 0.33, the new physics effects will play an important role
in boosting the theoretical predictions for the branching
ratios of the B — K decays.

422 B — Kn(l) decays and new physics effects

In the SM, the class-IV decays B — K 77(/) are expected to
proceed primarily through b — s penguin diagrams and
the b — u tree diagram. In the TC2 model, the new glu-
onic and electroweak penguins will also contribute through
interference with their SM counterparts. The CLEO data
of B— K n(l) decays with recent measurements of B —

7w, Km, etc. provide important constraints on the theo-
retical picture for these charmless B meson decays.

For the BT — K*n and B — K% decay modes,
the new physics enhancement is less than 10% for N¢f ~
3. The theoretical predictions in both the SM and TC2
model are consistent with the new CLEO upper limits:
B(B — K*n) <6.9x107% and B(B — K%) < 9.3x1076
[20].

For the B — K7’ decay modes, the situation is very
interesting now. Unexpectedly large B — K1’ rates were
firstly reported by CLEO in 1997 [52], and confirmed very
recently [20,53]. The Kn' signal is large, stable and has
small errors (~ 14%). Those measured ratios as given in
(69) and (70) are clearly much larger than the SM pre-
dictions (the contributions from the decay b — s(cé) —
s(n,n") have been included [13,12]) as given in Tables3
and 4 and illustrated by the short-dashed line in Figs. 6
and 7 where only the central values of the theoretical pre-
dictions are shown. Furthermore, Lipkin’s sum rule [54]

B(K*y')+B(Ktn) =B(K*tn%) + B(K’z*) (75)
is also strongly violated (~ 40) [53]: 82.27735 = 29.8127.
At present, it is indeed difficult to explain the observed
large rate for B — K7/’ in the framework of the SM [20,
53]. This fact strongly suggests the requirement for addi-
tional contributions unique to the 7’ meson in the frame-
work of the SM, or from new physics beyond the SM [20].
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B(B—> K* ®)(10-6)

100 300

B(B—> K* t® )(10-6)

0.0 0.1 0.2 0.3 0.4 0.5
1/Ng*

Fig. 2a,b. Plots of branching ratios of B — K*7° decay
versus ms and 1/Nfff in the SM and TC2 model. For a and b,
we set N = 2 and ms = 200 GeV, respectively. The short-
dashed line and solid curve show the branching ratio in the SM
and TC2 model, respectively. The dots band corresponds to the
CLEO data with 20 errors: B(B — KT7°%) = (11.6755) x 107¢

By varying 7, k? and mjz in the ranges of = 0.34 +
0.08, k2 = m%/Q + 2GeV?, mz = 200 £+ 100 GeV, and
setting N& = 2,3, 0o, we find that

(26.5+0.1%3574%") x 107°
in SM,
(41.6 £ 0.17§3H1%9E53) x 1076
in TC2,
(28.2£0.173174%%) x 1076
in SM,
(41.3 £ 015317 025%0) x 107¢
in TC2,

B(B— K™ =

B(B — K') =

where the first to the fourth error corresponds to the un-
certainty én = £0.08, §¢> = £2 and 2 < NCEH < oo and
omsz = £100 GeV, respectively. If we use the LQQSR form
factors instead of the BSW form factors, the central val-
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Fig. 3a,b. Same as Fig. 2 but for the case of B — K7~ decay

mode. The dots band corresponds to the CLEO data with 2¢
errors: B(B — Ktn7) = (17.273%) x 107

ues of BR(B — Kn()) will be increased by about 15%.
The NP enhancements to B — K7’ decays are significant
numerically: ~ 50% for mz = 200 GeV.

Taking into account all uncertainties considered here,
the theoretical predictions for the magnitude of B(B —
K7') in the SM and TC2 model are

(20-53) x 1076
in SM,

(30-74) x 1076
in TC2,

(19-52) x 1076
in SM,

(28-76) x 1076
in TC2,

B(B— K™n) =

B(B — K°) =

It is evident that the theoretical predictions for the ra-
tios B(B — Kn') now become consistent with the CLEO
data due to the NP enhancements. This is a plausible new
physics interpretation for the large B — K7’ decay rates.
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Fig. 4a,b. Same as Fig. 2 but for the case of B — K%zt decay
mode. The dots band corresponds to the CLEO data with 20
errors: B(B — K%77) = (18.275%) x 107°

Figures 6 and 7 show the mass and N dependence of
the ratios B(B — K7') in the SM and TC2 model using
the input parameters as given in Appendix A and B and
employing the BSW form factors. The short-dashed and
solid curves in Figs.6, 7 show the central values of the-
oretical predictions. The band corresponds to the CLEO
measurements with 2o errors.

4.3 Branching ratios of B — PV decays

In Tables6-8 we present the branching ratios for the
thirty-seven B — PV decay modes involving b — d and
b — s transitions in the SM and TC2 model by using the
BSW and LQQSR form factors and by employing gener-
alized factorization approach. Theoretical predictions are
made by using the same input parameters as those for
the B — PP decays in the last subsection. The mea-
sured branching ratios from CLEO [19,20,23] for six B —
PV decay modes, B — pTnT, p07nt, wrt, K**tn, K*On,
K*T7~, have been given in the last column of Table6.
BaBar and Belle also reported their measurements for
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30 | :

CLEO Data

20 | .

B(B—> Ko n?)(10-6)

Fig. 5a,b. Same as Fig. 2 but for the case of the B — K%7°
decay mode. The dotted band corresponds to the CLEO data
with 1o error: B(B — K°7°) = (14.6757) x 1076

B(B® — p~7t) [24] and B(B — K*¢) [25]:

+6 6
B(B® — pr¥) = { (49 £ 1375) x 10 [BaBar

The pattern B(nK) < B(nK*) < B(n'K) and B(n'K*) <
B(n'K) is found by CLEO [20].

For the considered thirty-seven B — PV decays, three
general features are as follows:

(1) The theoretical predictions in the SM and TC2 model

as given in Tables 68 are all consistent with the new ex-

perimental measurements and upper limits.

(2) For most decay modes, the differences induced by using

BSW or LQQSR form factors in calculations or not are

small, ~ 15%.

(3) The new electroweak penguins play a more important

role for B — PV decays than they do for B — PP decays.
For five B — pw and two B — p“‘n(/) decay modes, the

NP contributions are very small, < 6% for N = 2-c0 as
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Table 6. B — PV branching ratios (in units of 10~

Charmless decays B — PP, PV, and the effects of new strong

6) using the BSW [LQQSR] form factors in the SM.

The last column shows the CLEO and Belle measurements and the upper limits (90% C.L.) [19,20,25]

Channel Class Net =2 Nt =3 Nt = o Data

BY — ptm™ 21.1[25.1 24.0[28.5 30.3[36.0

B® - Zvﬁ i %6 5] | 6.48[[7 4]} 8.19[[9.4]} y21.6174 £4.2
BY — pO7° I 0. 49 [0.58] 0.06 [0.07] 2.05 [2.41] <5.1

Bt = pont 11 5.72[6.63] 3.46 [3.97] 0.71[0.78] 104755 +£2.1
BT — ptx® 11 13.5[16.0] 12.6 [15.0] 10.9[13.1] <43

B° — %y II 0.01[0.02] 0.02[0.02] 0.06 [0.08] <10

BY — %/ I 0.02[0.01] 0.002 [0.003] 0.03[0.03] <12

BT — pty 11 5.44 [6.57] 4.75[5.79] 3.54 [4.38] <15

BT — pty 1 4.35[5.02] 3.81 [4.40] 2.85[3.29)] <33

B° — wn® I 0.29[0.35] 0.08[0.09] 0.15[0.19] <5.5

BT — wrt 11 6.32[7.35] 3.75[4.31] 0.78 [0.85] 113755 £ 1.4
B = wn n 0.32[0.38] 0.03[0.04] 0.82[0.98] <12

B° — wy/ I 0.20[0.23] 0.001[0.002] 0.68[0.79] < 60

B° — ¢n° Y 0.03 [0.04] 0.002[0.002] 0.23[0.27] <54

BT — ¢nt \% 0.06 [0.08] 0.004 [0.005] 0.49 [0.58] <4

BY — ¢n \% 0.01[0.01] 0.001[0.001] 0.09 [0.10] <9

B® — ¢n/ \Y% 0.01[0.01] 0.001[0.001] 0.07 [0.08] <31

BT — KKt v 0.42[0.49] 0.53[0.61] 0.78[0.90] <5.3

B - K*'K° v 0.40 [0.46] 0.50 [0.58] 0.73[0.85] -

BT - K*TK° Y 0.004 [0.006] 0.002[0.003] 0.001[0.001] -

B® » K*K° v 0.004 [0.006] 0.002[0.003] 0.001[0.001] <12

B = p°K° v 0.52[0.60] 0.53[0.62] 0.72[0.83] <27

BT = p°KT v 0.39[0.46] 0.31[0.36] 0.31[0.36] <17

B = p KT I 0.54 [0.62] 0.59 [0.68] 0.70[0.81] <25

BT — ptK° v 0.11[0.12] 0.05 [0.05] 0.005 [0.006] < 48

Bt — K*T v 2.43[3.12] 2.39[3.04] 2.32[2.89] 26.47954+3.3
Bt — K*ty 111 0.66 [1.14] 0.36[0.61] 0.24[0.23] <35

B® — K*Op v 2.32[2.98] 2.54[3.23] 3.06[3.82] 13.8755 £ 1.6
B — K*%/ A% 0.33[0.69] 0.09[0.23] 0.31[0.26] <20

B® — K*tn™ v 8.59[10.2] 9.67[11.5] 12.0[14.3] 221841

B - K*O7° v 2.44[2.77] 3.02[3.43] 4.42[5.01] < 3.6

BT — K*trn° v 4.95 [6.09] 5.55 [6.84] 6.91 [8.52] <31

BT — K*xt v 7.35[8.75] 9.23[11.0] 13.6 [16.2] <16

Bt — oK™ \Y% 22.1(25.7] 11.5[13.4] 0.60 [0.70] 17.2487 £ 1.8
B° = ¢K° A% 20.9 [24.3] 10.9 [12.6] 0.57[0.66] <28

B - wK° \% 3.31[3.86] 0.002 [0.003] 13.3[15.4] <21

BT —» wK™ \% 3.53 [4.11] 0.25[0.28] 16.5[19.2] <79

shown in Table 7, and can be neglected. For the B — p°n
decf?y, the NP enhancement can be as large as ~ 110% for
NH = 3.

For B — wm decays, the NP contributions are small,
< 13% for N&f = 200, For B — wn) decays, the NP
contributions can be large but show a strong N¢% depen-
dence. The agreement between the theoretical prediction
and CLEO measurement for B(B — wnt) remains un-
changed in the TC2 model.

For four B — ¢7T,¢n(/) and four B — K*K decay
modes, the NP contributions can be as large as a factor of
4, but strongly depend on N¢%. For two B — ¢K decays,
the NP enhancements are about 30% and insensitive to
the variation of NS. It is clear that the Belle data of
B — K¢ [25] prefer a small effective number of colors,
say ~ N&¥2. For four class-IV B — K*m decays, the NP
enhancements can be as large as 90%, and are insensitive
to the variation of N¢ff.
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Table 7. B — PV branching ratios (in units of 107°) using the BSW [LQQSR] form factors
in the TC2 model

TC2 6B[%)

Channel Class 2 3 o0 2 3 0
B — ptn~ I 21.2[25.3] 24.1[28.7] 30.4[36.2] 0.71  0.63  0.50
B — pt I 5.70 [6.54] 6.48[7.44]  8.19[9.40) —0.06 —0.05 —0.03
B = p°7° I 0.49[0.58] 0.06[0.07]  2.06[2.43] 0.05 590  0.53
BT — pont 111 5.72[6.63] 3.46[3.98]  0.73[0.81] —0.02 0.19 3.62
BT — ptx® 111 13.6[16.2] 12.7[15.1]  11.0[13.2]  0.83 0.86 0.92
B° = pn I 0.03[0.04] 0.03[0.04] 0.09[0.11]  96.7 116 49.1
B — p% I 0.010.01]  0.002[0.002] 0.03[0.03] —21.5 —30.5 2.39
Bt — pty 111 5.49 [6.63] 4.82[5.86]  3.62[4.48]  0.96 1.29 2.26
Bt = pty/ 111 4.35[5.01] 3.81[4.39] 2.85[3.29] -0.19 —0.08 0.15
B® — wn® I 0.33[0.39] 0.08[0.10]  0.17[0.21] 123  3.23  13.3
Bt — wrt 11 6.58 [7.65] 3.84[4.43]  0.78[0.85]  4.05 2.63 —0.10
B — wn I 0.38[0.45] 0.06[0.07]  0.82[0.98] 19.0 107 —0.43
B — wi I 0.21[0.24]  0.002[0.002] 0.69[0.79] 6.00  63.8  0.94
B° — ¢n° \% 0.03[0.03] 0.009[0.01] 0.37[0.44] —9.1 351 62.8
BT — ¢nt \% 0.06 [0.07] 0.02[0.02]  0.79[0.94] -9.1 351 62.8
B = ¢n A 0.01[0.01]  0.003[0.004] 0.14[0.17] —9.1 351 62.8
BY — ¢n/ \% 0.01[0.01]  0.003[0.003] 0.11[0.13] —-9.1 351 62.8
BT - KKt 1V 0.64[0.74] 0.81[0.95]  1.22[1.43] 52.1 544  57.7
BT - K*TK° Vv 0.00[0.002] 0.005[0.001] 0.01[0.01] -71.8 —72.9 886

B° » K*K° v 0.001[0.002] 0.005[0.001] 0.01[0.01] -71.8 —72.9 885

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
B - K*°K° 1V 0.60[0.70] 0.77[0.89] 1.16[1.35]  52.1 54.4 57.7
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

[

[

[

[

[

[

[
B® — p°K?° v 0.85[0.99] 0.92[1.07] 1.21[1.41] 645 720  69.3
BT — p°KT v 0.86 [1.00] 0.92[1.07]  1.24[1.44] 118 198 299
B° - p K™t I 0.38 [0.44] 0.45[0.51]  0.60[0.69] —29.6 —24.5 —14.3
BT — ptK° v 0.04[0.04]  0.005[0.006] 0.09[0.11] —66.0 —89.7 1686.
Bt — K*Ty v 4.02[5.18] 3.81[4.85]  3.39[4.23] 654 59.0  46.1
Bt — K*ty/ 10T 0.320.55] 0.24[0.31]  0.50[0.44] -50.8 —32.8 108
B® = K*%% v 3.74[4.82] 4.07[5.18]  4.79[5.97) 614  59.8 56.6
B — K*%/ \ 0.10[0.24] 0.10[0.08]  0.93[0.87] —71.3  2.18 196
B - K*fn= IV 13.6[16.2] 14.7[17.5]  17.1[20.4] 581 523 427
B - K*7° 1V 2.74[2.97] 3.58[3.89] 5.63[6.17] 125 185 274
BT —» K*Tx® IV 9.38 [11.7] 10.2[12.8]  12.0[15.1]  89.4 84.0 74.3
BT — K%t IV 11.2[13.4] 14.3[17.1]  21.6[25.7]  53.0 55.2 58.5
BT — ¢K* A% 29.4 [34.3] 15.3[17.9]  0.82[0.95] 333 335  35.2
BY — ¢K° \% 27.8 [32.4] 14.5[16.9]  0.77[0.90] 33.3 335  35.2
B - wK° A% 4.49[5.23]  0.003[0.003] 18.0[21.0] 356 12,7  35.9
BT — wK™* v 5.18 [6.04] 0.24[0.27]  22.8[26.5] 46.9 —4.63 38.3

For class-1 B — p~ Kt decay, the NP correction is 4.3.1 B — K*n(/) decays
about —20% and insensitive to N¢f. For B — pTK°
decay, however, the NP correction can be large in size, a  Very recently, CLEO reported the first observation [20] of
factor of 17 enhancement for N = oo, but very sensitive B — K*p decays:
to the variation of N¢. For the remaining two B — p°K
decays, the NP enhancements are large in size and insen- B(BT — K*Tn) = (26.4'_"2:3 +3.3) x 107%,  (82)

] eff
sitive to the value of N&". B(B® — K*%) = (13.8t2;2 £1.6)x107%,  (83)
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Table 8. B — PV branching ratios (in units of 107°) using the BSW form factors in
TC2 model with new contributions induced by charged-Higgs gluonic penguin diagrams

only
TC2: QCD only 0B[%)]

Channel Class 2 3 0 2 3 9
B — pta~ I 21.2 24.1 30.4 0.64 0.62 0.59
BY — p ot I 5.70 6.48 8.19 —0.06 —0.05 —0.04
B — pox° 11 0.54 0.11 2.12 9.68 95.0 3.12
BT — pozt 111 5.77 3.52 0.78 0.94 1.75 10.6
BT = pta® 111 13.6 12.7 11.0 0.32 0.38 0.54
B° — p% I 0.03 0.03 0.08 105 115 41.1
BY — o/ I 0.004 0.003 0.04 —51.1 -9.35 25.5
Bt — pp I 5.47 4.79 3.59 0.61 0.82 1.44
Bt — ptn I 4.34 3.81 2.86 —0.21 0.0 0.56
B - wr® 11 0.43 0.13 0.15 46.8 70.6 —1.97
BT = wrt 111 6.59 3.85 0.77 4.33 2.87 —0.41
B = wn 11 0.37 0.05 0.82 16.0 73.8 —0.08
B — wi 11 0.23 0.006 0.68 13.6 363 —0.89
B° — ¢r° A% 0.04 0.002 0.30 39.6 13.5 32.2
Bt — ¢rt A% 0.09 0.005 0.64 39.6 13.5 32.2
B = ¢n Vv 0.02 0.001 0.11 39.6 13.5 32.2
B — ¢/ A 0.01 0.001 0.09 39.6 13.5 32.2
B - KKt IV 0.65 0.79 1.13 54.9 51.0 45.2
B’ —» K*K" v 0.61 0.75 1.07 54.9 51.0 45.2
Bt - K"K’ Vv 0.001  0.001  0.005  —87.0  —68.2 519
B® - K*°K° v 0.001 0.001 0.005 —87.0 —68.2 519
BY = p°K° IV 0.34 0.35 0.52 —34.9 —34.9 —27.6
Bt = p°K* IV 0.47 0.41 0.47 19.0 33.8 51.5
B - p KT I 0.41 0.47 0.58 —23.8 —21.5 -17.8
BT —» ptK° Y 0.02 0.005 0.05 —84.4 —90.4 907
BT - K*Ty IV 2.96 2.95 2.96 21.6 23.5 27.3
BT — Kty III 0.27 0.34 0.86 —59.3 —5.79 260
B° - K*%; Y 2.84 3.13 3.78 22.6 23.0 23.5
B® — K*% \Y 0.08 0.27 1.23 —75.7 188 292
BY - K*Tn™ IV 13.1 14.7 18.1 52.5 51.7 50.2
BY — K90 IV 4.09 4.93 6.90 67.8 63.3 56.1
BT — K*tx° Y 7.15 8.02 9.96 44.5 44.4 44.1
BT — K7t I\Y 11.5 14.0 19.9 55.8 51.7 45.8
BT 5 ¢K* A 33.4 17.9 1.31 51.2 55.9 118
B® — ¢K° Y 31.6 16.9 1.24 51.2 55.9 118
B° — wK?° \Y 5.07 0.01 17.4 53.1 489 31.0
Bt — wK™* \Y 5.31 0.22 21.2 50.3 —10.2 28.7

while the theoretical predictions in the SM and TC2 model
are

(1.5-3.8) x 1076
in SM,

(1.9-6.1) x 1076
in TC2,

(1.5-4.5) x 1076
in SM,

(2.3-7.2) x 1076
in TC2,

B(B* — K* ) = (84)

B(BT — K*%) =

where the uncertainties induced by using the BSW or
LQQSE form factors, and setting k% = mj/2 £ 2GeV?,
n = 0.34 £0.08, N = 2-00, and mz = 200 £ 100 GeV,
have been taken into account. Although the central values
of the theoretical predictions for B(B — K*n) decays are
much smaller than the central values of the data, the the-
oretical predictions are still consistent with the data since
the experimental errors are still rather large. Further re-
finement of the data will show whether there is a real
difference between the data and theoretical predictions.
The new physics enhancements to the decay rates are
significant (~ 60%) in size, insensitive to variation of N¢ff
and hence helpful to improve the agreement between the
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Fig. 6a,b. Plots of the branching ratios of the decays Bt —
K7Tn' versus mz and 1/N¥ in the SM and TC2 model. For (a)
and (b), we set N°¥ = 3 and ms = 200 GeV, respectively. The
short-dashed line (solid curve) shows B(BT — K*5) in the
SM (TC2 model). The dotted band corresponds to the CLEO
data with 20 errors: B(BT — K*#/) = (80733) x 107°

theoretical predictions and the data, as illustrated in
Figs. 8 and 9 where the upper dots band shows the CLEO
data [19,20].

Figures 8 and 9 show the mass and N dependence
of the decay rates B(B*™ — K**n) and B(BT — K*'n),
respectively. For Figs.8a and 9a, we set NS = 3. For
Figs.8b and 9b, we set mz = 200 GeV. In these two fig-
ures, the dot-dashed line refers to the SM prediction, while
the short-dashed (the solid curve) corresponds to the the-
oretical prediction with the inclusion of NP effects from
new gluonic (both gluonic and electroweak) penguins. It
is clear that the electroweak penguin play an important
role for these two decay modes.

For other two B — K*1n' decays, the new physics
enhancement can be significant in size, from —70% to
~ 200%, but strongly depend on the variation of N&f
as shown in Table 7. The theoretical predictions for these
two decay modes are still far below the current CLEO
upper limits.
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Fig. 7a,b. Same as Fig. 6 but for the B® — K%' decay. The
dotted band corresponds to the CLEO data with 20 errors:
B(B® — K°') = (8973%) x 107¢

5 C P-violating asymmetries
in B — PP, PV decays

As is well known, there are three possible manifestations
of C'P-violation in the B system [1,28,55,56]: the direct
C P-violation or CP-violation in decay, the indirect CP-
violation or C'P-violation in mixing due to the interference
between mixing amplitudes, and finally the C P-violation
in interference between decays with and without mixing.
For the measurements of C P-violation in the B system,
great progress has been achieved recently [22,57].

In [26], Ali et al. estimated the CP-violating asym-
metries in charmless hadronic decays B — PP,PV,VV,
based on the effective Hamiltonian with generalized fac-
torization. In another paper [58], Chen et al. calculated
the C' P-violating asymmetries in charmless hadronic de-
cays of the B; meson. We here will follow the same proce-
dure as in [26] to estimate the new physics effects on the
C P-violating asymmetries of B — PP, PV decays in the
TC2 model.

In TC2 model, no new weak phase has been intro-
duced through the interactions involving new particles and
hence the mechanism of C' P-violation in TC2 model is the
same as in the SM. But the C'P-violating asymmetries
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Fig. 8a,b. Plots of B(BT — K**7) versus mz and 1/N&¥ in
the SM and TC2 model. For a and b, we set NT = 3 and
ms = 200 GeV, respectively. The dot-dashed line shows the
SM prediction, while the short-dashed and solid curve refer to
the ratios with the inclusion of contributions induced by new
gluonic penguins and both new gluonic and electroweak pen-
guins, respectively. The upper band corresponds to the CLEO
data with 1o error: B(BT — K*Tn) = (26.473%%) x 107°

Acp may be changed by the inclusion of new physics con-
tributions through the interference between the ordinary
tree/penguin amplitudes in the SM and the new strong
and electroweak penguin amplitudes in TC2 model. The
real and imaginary part of effective Wilson coefficients C’fﬂ
and effective number a; will be modified by new physics
effects and hence the pattern of Agp for two-body charm-
less hadronic B decays will be changed accordingly.

5.1 Formalism

For charged B decays the direct C'P-violation is defined
by

I'(B* = f)—I (B~ = f)
(Bt —= )+ T (B~ —f)

Acp = (6)

in terms of partial decay widths.
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Fig. 9a,b. Same as Fig. 8, but for the decay B(B° — K*%n).
The upper band corresponds to the CLEO data with 1o error:
B(B® — K*%) = (13.875:7) x 107°

For neutral B%(B?) decays, the situation becomes com-
plicated because of B°~B° mixing, and hence the time de-
pendent C P-asymmetry for the decays of states that were
tagged as pure B or B? at production is defined by

L(B°(t) = f) = I'(B°(t) = [)
Acp(t) = = ——
I(BO(t) = f)+ I'(B°(t) — f)
According to the characteristics of the final states f, neu-
tral B decays can be classified into four cases as described
in [26]. For case-1, f or f is not a common final state of B°
and B°, and the C' P-violating asymmetry is independent
of time. We use (86) to calculate the C' P-violating asym-
metries for C'P-class-1 decays: the charged B and case-1
neutral B decays.

(— _

For C P-class-2 (class-3) B decays where Bf3 = (f=1)

with f¢F = £f (f¢P # +f) [26], the time dependent and
time-integrated C'P-asymmetries are of the form

(87)

Acp(t) = ae cos(Amt) + aeyer sin(Amt),
Acp =

(88)
(89)

x
1 —|—x2a6/ + 1 +x2a6+6/’

where Am = my — my, is the mass difference between the
mass eigenstates |BY) and |B), x = Am/I" =~ 0.73 for
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the case of BY-BY mixing [42], and

1-— ‘)\CP|2 —QIm()\Cp)
Aer = —— 55 Qete! = 7T v 19 90
1+ [Acp|? * 1+ |Acpl|? (90)
Vi Vig (f| Hog | B0
Aop = ViV (f|Het| B”) (1)

Vi Vig (f [ Hest| B®)

For the formulae used to calculate A p for the more com-
plicated C'P-class-4 B decays, see (36)—(40) of [26]. We
also define the ratio

TC2 SM
Acp” — Acp

0Acp = (92)
AZp

to measure the new physics effects on the SM predictions
of Acp of the B meson decays.

As an example, we here present the explicit calculation
for the class-I1I-1 decay B* — 7t7%. The decay ampli-
tude M (B~ — m~ ") has been given in (59) where all
a; should be taken for transitions b — d. For the charged
conjugate amplitude we have

M(B* = *7%) =~ [ RP=(m2) (3 — m2)
X {VJqud(al + (ZQ)

N 3
—VipVia % 5(—a7 +ag +apo+ ast)} , (93)

where the ratio Ry has been given in (56), and all a; are
taken for transitions b — d. The C'P-asymmetry for this
decay mode is then defined by

.ACP(Bi — 7Ti7ro) =
IM(BY = 7t7%)]2 — |M(B~ — 7~ 7%)]2
|[M (Bt — ntx0)|2 + |M (B~ — 7~ 70)|2"

(94)

5.2 Numerical results

In Tables9-14, we present numerical results of Acp in
B — PP and B — PV decays in the SM and TC2 model.
We show the numerical results for the case of using BSW
form factors only since the form factor dependence is weak.
In the second column of Tables 9-14, roman numbers and
arabic numbers denote the classification of the decays B —
PP, PV using the N dependence and the CP-class for
each decay mode as defined in [12,26], respectively. The
first and second error of the theoretical predictions cor-
respond to the uncertainties induced by setting dk? =
+2GeV? and én = £0.08, respectively.

The SM predictions for the C' P-violating asymmetries
of fifty-seven B meson decay modes investigated here as
given in Tables 9-14 are well consistent with those given in
[26]. For details of the parametric dependence of Acp in
the SM, see [26]. We here focus on the new physics effects
on Acp of the B meson decays.

Very recently, CLEO reported their first measurements
of C' P-violating asymmetries for the five decay modes [22],

701

B* — K*r% K% wr® and (B6 — K*xF. They con-
clude that the measured asymmetries are consistent with
zero in all five decay modes studied [22].

Using the same input parameters as in Table 9, we find
the theoretical predictions in the TC2 model for those five
decay modes

Acp(B — K*7°) = (=3.4%55 £ 0.8707703) x 1072,

(95)
Acp(B — K*nF) = (=5.0735 £ 1.175:5103) x 1072,
(96)
Acp(B = K2rF)=(-1.14 01753 £0.1£0.1) x 1072,
(97)
Acp(B = K*n/) = (—2.8758 +0.7708 4 0.1) x 1072,
(98)
Acp(B — wr®) = (8940170217 £0.1) x 1072,
(99)

where the central values correspond to setting k% = m3 /2,
n = 0.34 and N = 3, while the first to fourth error is
induced by considering the uncertainty 6k? = +2GeV?,
on =108, 2 < Nfﬁ < oo and dmz = £100 GeV, respec-
tively. For the first four B — PP decay modes, the uncer-
tainty induced by varying N¢ is smaller or comparable in
size with the other three uncertainties. For the B — wn™
decay mode, however, the uncertainty induced by varying
N¢f dominates over the other three uncertainties.

The CLEO measurements, the 90% CL region and the
theoretical predictions in the SM and TC2 model are as
given in Table 15. The theoretical predictions are taken
from Tables 9-14 and (95)—(99). One also should note that
the sign convention used here in (86) and (87) to de-
fine Acp is opposite to that used in [22]; we therefore
changed the sign of the theoretical predictions of Agp in
Table 15 in order to be consistent with the results reported
by CLEO.

It is easy to see that the C'P-violating asymmetries
of all five decay modes studied are small in size in both
the SM and the TC2 model, and well consistent with the
CLEO data. For all five decay modes, the new physics
corrections are also small; this will change the SM predic-
tions by about 20%. Figure 10 and 11 show the mass and
N dependence for B¥ — K*n/ and B* — wr™ in the
SM (the dotted lines or curves) and TC2 model (the solid
curves)®

From the theoretical predictions and the CLEO mea-

surements as given in Tables 9-15, the following general
features of the C P-violating asymmetry of the charmless
hadronic B meson decays under study in this paper can
be understood:
(1) The CP-violating asymmetries depend weakly on
whether we use the BSW or LQQSR form factors. The
inclusion of NP contributions does not change this fea-
ture.

5 In these two figures we use the same sign convention as the
CLEO Collaboration [22]
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Table 9. C'P-violating asymmetries Acp in B — PP decays (in percent) in the
SM using p = 0.12 and N = 2,3, 00 for k? = m?/24+2GeV? and = 0.34+0.8.
The first and second error of the ratios corresponds to dk? = +2GeV? and

on = +0.08, respectively

Channel Class 2 3 00

(7

(B(i S atrT 12 23.710-311%2 23.419-31162 23.019:311%%
BY — 7070 I1-2 —54.919 5419 15316 126 48.0T5 9178
B* —»atn® L1 0.175:0270 701 0.178:0575:01 0.

(7

B, m 11-2 575155127 13.8+5 7423 —53.175:9+07
(—)

B — 11-2 60.8735752 20.05557%5 —52.6155701
(=)

B = M2 aasiinhiy o 36258700 —4m3Iigiyg
B —»xty ML 120735703 14.3556703 18175035
B* 5 r¥y 111 12.672:519-5 15.5134+03 224142414
(—)

BY - 7% V-2 285128452 14.315 0424 —9.982+17
(7

B® — 10/ V-2 53.510-8184, 249172142 —16.81 %26
B & K*x0 IVl —5.6129+12 —5.0t25+12 —3.8+1-7+0:9
(—)

BY - K*xF  1v-l —6.173:2712 —6.273:212 —6.4T35 4+ 1.4
B* 5 K%x* IVl -13401+03 —-1.2+014+03 —-12401+0.3
(—)

B & Kr° V-2 34.419:5+50 31.240.0148 25.670-9+41
B* - K*p 1V 4075505 29732403 1.0*95 +0.2
B 5 Kty 1IV-1 —4.4T19110 —3.6T05+08  —25T57 405
(—)

B® — Kdn V-2 34.7104154 30.9+0.01%7 23.7+1-2+3.9
(=)

B —» K%y 1V-2 29.7405427 31.2+0.0748 332703759
B* - K*K§ 1v-1 105154709 104753455 102758455
(—) _

BY - K°K®  1V-2 13.5750123 13.4759732 131559428

(2) The ms dependence of Acp is weak: §Acp is about
+15% as one varies mz in the range 100 GeV < mz <
300 GeV.

(3) For twenty B — PP decays, the new physics correc-
tions to Acp are generally small or moderate in magni-
tude. The largest correction is about —30% for the decay

B* — K*79 and about +20% for the decay modes (33 —
atn=, 7%, Ktr=, K°K% and BT — K%t K°K°. For
four class-I1 B — nn), '’ and 7°7° decays, there are
large C P-violating asymmetries (around +50%), but un-
fortunately there is also a strong NS dependence in both
the SM and the TC2 model.

(4) For the B — PV decays, however, the NP correc-
tions to Agp can be rather large for many decay modes,
as illustrated in Table13. For class-I-4 decay B°/B° —
pTm~/p~nt, the new physics correction is (60 ~ 100)%
for N = 2-co. For the decay B* — K*TK° the cor-
rection even reaches a factor of 20 for N¢f = 2 due to
strong interference between the contributions from the W—
penguin and new charged-scalar penguins.

(5) For most class-I, IIT and IV decays, the N¢f depen-
dence and k? dependence of §Acp are weak. For most
class-V decays, however, the N dependence of § Acp is
strong.

(6) For most decay modes considered here, the new physics
corrections to A¢p in the TC2 model are still much smaller
than the existing theoretical uncertainties, and therefore
will be masked by the latter. Low experimental statis-
tics and large theoretical uncertainties together prevent
us from testing the TC2 model through studies of the
C P-violating asymmetries at present.

According to the relevant studies [59] for these decay
modes, we know that the FSI may provide a new strong
phase and therefore enhance Acp to a level 20%—40%;
new physics with new large phases may also increase Acp
to a level of 40%-60%. Although there is still no evidence
for direct C'P-violation in the B system, the CLEO mea-
surements ruled out a large part of the parameter space
for Acp. The key problem is that the measurements are
currently statistics limited.

6 Summary and discussions

In this paper, we calculated the new physics contribu-
tions to the branching ratios and CP-violating asymme-
tries of the two-body charmless hadronic B meson decays
B — PP,PV in the TC2 model by employing the NLO
effective Hamiltonian with generalized factorization. We
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Table 10. Same as in Table 9 but in the TC2 model and assuming mz =

200 GeV

TC2 0Acp[%)
Channel Class 2 3 00 2 3 00
(=)
B — nta~ I-2 27.3 269  26.3 15.3 14.9 14.3
(7
33 — w070 -2  -555 149 4938 1.0 —2.9 3.7
Bf 5 x*x®  II-1 0.07 005 0.0 0.4 0.4 -
(=)
BY -y I1-2 51.9 107 =509 —9.9 —224 —4.2
(—)
BY =y I1-2 60.4 154 =537 —0.7 —232 20
(7
33 —n'y I1-2 55.3 275 —50.7 233 —240 7.2
B & 1ty -1 12.0 137 157 —0.7 —4.0 —135
Bt & xty mr-1 131 159 215 4.3 2.4 —4.1
(=)
B® — 7% V-2 238 11.8 —-79 —163 —-171 -198
(=)
B® — 7%’ V-2 46.2 21.3 —14.8 —13.7 -—14.2 -12.3
B*f - K*x° IV-1  -38 —34 -27 -318 -30.8 -289
(=)
B 5 K*g¥ V-1  —48 —50 —52 —205 —200 —19.1
Bf - K%x* Vi1 -12 -11 -1.0 -150 —15.6 —16.4
(=)
B —» K27° Iv-2 343 313 261 —0.2 0.2 2.1
BT - K*y V-1 411 27 0.9 3.5 -3.6 —16.7
Bf 5 Kty  IV-1  —334 —28 —2.0 —246 —224 —188
(7
33 — K3n IvV-2 352 313 247 1.2 1.5 4.1
(=)
B° — K%n/ Iv-2 301 312 329 1.1 0.04 1.0
B* - K*K$ 1Iv-1 88 86 83 —164 —17.0 —18.0
(—) _
B - K°K°  1v-2 11,5 11.3 109 —15.2 —158 —16.7
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will present the calculation for the new physics effects on
B(B — VV) and Acp(B — VV) in a forthcoming paper
[60]

We firstly evaluate analytically all strong and elec-
troweak charged-scalar penguin diagrams in the quark
level processes b — sV* with V = ~, gluon, Z, extract the
corresponding Inami-Lim functions Cg c2, Dt ez, Ef ©2
and CgT €2 which describe the NP contributions to the Wil-
son coefficients C; (M) (¢ = 3-10) and Cg(Myw ), combine
these new functions with their SM counterparts, run all
Wilson coefficients from the high energy scale u =~ O(My)
down to the lower energy scale u = O(my) by using the
QCD renormalization equations, find the effective Wilson
coefficients C’fﬁ, and finally calculate the branching ra-
tios and C P-violating asymmetries after inclusion of NP
contributions in the TC2 model.

In Sect. 4, we calculated the branching ratios for fifty-
seven B — PP PV decays in the SM and TC2 model, pre-
sented the numerical results in Tables 3-8 and displayed
the mz and N¢% dependence of several interesting decay
modes in Figs. 2-9. From these tables and figures, the fol-
lowing conclusions can be reached:

(1) The theoretical predictions in the TC2 model for all
fifty-seven decay modes under study are well consistent

with the experimental measurements and upper limits
within one or two standard deviations.

(2) The theoretical uncertainties induced by varying k2,
n and ms are moderate within the range of k% = m?/2 +
2GeV?2, n = 0.34 £ 0.08 and mz = 200 £ 100 GeV. The
dependence on whether we use the BSW or LQSSR form
factors are also weak. The N dependences vary greatly
for different decay modes.

(3) For most B — PP decay channels, the NP effects
0B are large in size and insensitive to the variations of the
effective number of colors N, For many B — PV decays,
however, the §B are sensitive to the variations of N¢T. It
seems that the B — K7 and B — K7’ decay channels are
good places to test the TC2 model.

(4) For most class-II, IV and V decay channels, such as

B — nn(/), B — Km,B — K/, etc. the NP enhancements
to the decay rates can be rather large, from 30% to 100%
of the SM predictions. Enhancements this large will be
measurable when enough B decay events are accumulated
at B factories in the forthcoming years.

(5) For most decay modes, both new gluonic and elec-
troweak penguins contribute effectively.

(6) For B — Kn' decays, the new physics enhancements
are significant, ~ 50%, and insensitive to the variations of
k2, m, ms and N fff within the considered parameter space.
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Table 11. CP-violating asymmetries Acp in B — PV decays (in percent) with b —
d transition in the SM using p = 0.12 and N&F
1 = 0.34 & 0.8. The first and second error of the ratios corresponds to 0k* = 42 and
on = +0.08, respectively

2,3,00 for k* = m?/2 + 2 and

Channel Class 2 3 00
B°/B" — ptn /p~xt I-4 3255 71%° 327070 34555007
B°/B® — p~nt /pta” I-4 581 E e 58505 8%" 58505 8%
B% — p'n° -2 —36.177070F  204%397%° 230705 IR
B* = p°n* M1 —41735090 54595008 107552550
B* = p*r® -1 2759540 3.0177504 3.655:0707
B" — pn -2 —494500%° 240705050 63875503
B — % 11-2 8.8 50r5 7 269555000 34.9755 050
B* = p*n -1 4.0755%08 45753706 5953570
B 5 ptyf I11-1 3.973108 45112100 5.975 808
B" = wr’ -2 SLUGEE, 221152005 33.0555 00
+ + .2 4 . 7 . 4
B* - wn -1 10.2+2:3+04 8.51%3 0107 2,115 5r04
B% — wn 2 522053707, 224750708 761030
(BO) — wn' -2 323+99HIT0 39 g#204451 9 3+40.1415.9
B® — ¢n° V2 160150137 14305403 11975345
B — ¢m* V-1 12755 10555 0155550
BY = ¢n V-2 16.0756+27 14755102 11.975:3+2¢
B° — ¢n V2 160750137 14305403 11975375
+ [ + . . .6+2. . .
B* = KK IV-1 134550455 12.6755757 11.6553753
B°/B° - K*°K%/K*°K% 1v-4  13.8%5%25 13.2757731 12.3755%22
B* - K™Ks V-l STONE 46T, 758N,
B°/B° —» K*°K%/K*°KY% 1v-4  —11.6+30+24  _q10.1F26+19 g 7+22407

Table 12. Same as in Table 11 but with the b — s transition

Channel Class 2 3 00

(—)

B — p°K? V-1 151795427 32.140.0753 46.07 L2
B - p°K* IVl —17.9795139 18,9716 1410 —9. 751418
(=)

B —p KT Tl —ILTHSNG 1220500 —13.0155000
B* - p*K§ vl L7030 27705108 —2.355570%
BY —» K™y v —mstiniy o -mshianad -2t
BY = Ky M1 —29.400000 54 4TERENT —83.00055750
(—)

B° — K*n V-1 —-1.8%54+04 —1.0%07+0.2 0.619:310-1
(—) P
B’ —» K*%' V-1  —4373241.0 44181119 153775432
(—)

B - K*tr~ IV-1  —13.8759725  _13.978.2+20 —14.015211%
(=)

BY — K*07%  1v-1 0.279-7+0-1 ~1.74£0.0+04  —4.3715+10
B - K**x° IVl 11374377 —10.4759700 87159413
BT - K*7F Iv-1 —1.5+401%33 15701404 —1.470:140-4
B* = ¢gK* V-l —1.540170% —-1.6+£01+£04 —25+0.1+06
(7

B oK V-2 311400735 31.1+£0.0737 30.6 +0.01%7
(=)

B wwKg V-2 235500000 3147700 24.250740%
Bt 5 wK* V-1 —11.57§5%28  _q7.8TL08E2T 02704401
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Table 13. C' P-violating asymmetries Acp in B — PV decays (in percent) with b — d
transitions in the TC2 model using p = 0.12, n = 0.34, k> = mi/2, mz = 200 GeV

and N = 2,3, 00

TC2 0 Acp|%]
Channel Class 2 3 00 2 3 00
BY — ptn™ I-4 6.5 6.1 5.4 104 88.1 62.5
BY = pmnt I-4 7.5 7.3 7.0 30.9 27.2 21.1
(=)
B% — p%z° 11-2 -36.7 20.8 24.7 1.7 —2.7 6.7
B* - pOn* -1 —-43 -58 —11.0 7.3 7.0 3.1
BE - p*a® III-1 2.9 3.2 3.9 6.6 6.5 6.4
(—)
B — o 1I-2 —-346 168 584  —29.9 325 -84
(—)
B% = p% I1-2 -1.5 —-166 41.9 —117 —38.2  20.2
BE — p*n -1 4.2 4.8 6.3 6.9 6.7 6.0
BT = ptyf III-1 4.2 4.8 6.3 7.7 75 7.1
(=)
B% — wn® 11-2 48.8 21.8 41.0 —-45 1.3 24.3
Bt s wrt -1 106 8.9 —2.2 3.7 5.0 8.0
(=)
BY — wn 11-2 56.2 15.3 3.3 78 =315 —55.9
(=)
BY — wy/ 11-2 416  66.0 231 28.6 65.6 8.1
(—)
B — ¢n° V-2 16.8 0.7 9.3 5.4 -532 —22.1
B* — ¢n* V-l 136 04 6.9 74 —541 238
(=)
B® - ¢n V-2 16.8 0.7 9.3 5.4 -53.2 —22.1
(—)
B — ¢ V-2 16.8 0.7 9.3 54 =532 —221
B - KK+ V-1 10.6 9.9 89  —21.2 —21.8 —226
(=) _
B - K*KY/K*K} 1V-4 11.1 10.5 9.7 —19.6 —20.3 —21.2
Bt - K**TKY V-1 —-04 844 183 —945 —1951 —75.8
(=) _
B - K*K$/K*°KY% 1v-4 82 —68 —46 —29.0 334 —404

The theoretical predictions for B(B — Kn') become now
consistent with the CLEO data due to the inclusion of
new physics effects in the TC2 model.

In Sect. 5, we calculated the C P-violating asymmetries
Acp for B — PP, PV decays in the SM and TC2 model,
presented the numerical results in Tables9-14 and dis-
played the mz and N dependence of Acp for the decays
B* — K%/, wn* in Figs. 10 and 11. In this paper, the
possible effects of FSI on Acp are neglected. From these
tables and figures, the following conclusions can be drawn:

(1) Although there is no new weak phase introduced in
the TC2 model, the C'P-violating asymmetries Acp can
still be changed through interference between the ordinary
tree/penguin amplitudes in the SM and the new strong
and electroweak penguin amplitudes in the TC2 model.
(2) The CP-violating asymmetries depend weakly on
whether we use the BSW or LQQSR form factors in cal-
culations in both the SM and TC2 model.

(3) For most B — PP decays, the 0 Acp are generally
small or moderate in magnitude (10%-30%), and insensi-
tive to the variation of mz and N&¥. But the four class-IT

(— / ’
decay modes B8 — 7970, nn0) have strong N depen-
dences in both the SM and the TC2 model.

(4) For the B — PV decays, however, § Acp can be rather
large for many decay modes. For decay BY/B% — pt7n—/
p~ 7T, the new physics correction is (60-100)% for N¢ff =
2-00. For the decay Bt — K*tK* the correction can
even reach a factor of 20 for N¢ = 2. For most class-I, 111
and IV decays, the N dependence and k? dependences
of 0 Acp are weak. For most class-V decays, however, the
Nef dependence of §Acp is strong.

(5) For the measured five decay modes B — Km, K7/, wr,
the new physics effects is only about —20% compared to
the SM predictions. The theoretical predictions for these
five decay modes in the SM and TC2 model are well con-
sistent with the CLEO measurements.
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Table 14. Same as in Table 13 but with b — s transitions

TC2 dAcp[%)]

Channel Class 2 ) 2 3 00
(=)

B% = p°K2 V-1 19.2 32.1 45.0 266 —0.09 —2.1
BT -5 p°K*  Iv-1 -89 —69 —28 —504 —63.3 —T71.2
(—)

B - p Kt I1 -18.2 —176 —164 552 441  26.0
BT & ptKY  Iv-1 2.8 2.6 —-21 651 —06 —9.5
B - K**y  IV-1  —48 —51 —54 —336 —31.1 —25.2
Bf - K**y 11 —66.7 —90.3 —44.4 127 65.9 —46.5
(7

BY — K V-1 —-1.3 —08 0.3 —272 —209 —521
(7

B® — K%’ V-1 —242 —45 4.4 469 —-203 —T71.2
(7

B - K**rz= IV-1  -95 —99 —10.6 —31.0 —285 —24.0
(—)

B® - K*97%  Iv-1 0.2 -1.6 =37 0.5 —-8.0 —14.3
B - K**7% Iv-1  —66 —62 —55 —41.6 —39.8 —36.4
B* - K*%* 1vi1  -12 -12 -11 —189 -195 —20.3
BT - ¢K* V-1 -13 —-14 —22 —13.2 -—13.2 —135
B® s oK% V-2 312 312 308 04 0.4 0.6
(7

B% - wK?% V-2 24.8 31.5 25.4 5.8 0.4 5.1
B 5 wK* V-1 -85 —19.9 006 —259 11.6 —66.9

Table 15. CLEO measurements for Acp in B — K, Kn',wr decays [22], and
the corresponding theoretical predictions in the SM and TC2 model

Channel op 90% CL region AN ALH?

Bf - K*7% 0294023  [-0.67,0.09]  [—0.001,0.079]  [0.009,0.058]
(—)

B® — K*nF  —0.0440.16  [-0.30,0.22] [0.015,0.096] [0.010,0.080]
B* - Knt  40.18+0.24  [-0.22,0.56] [0.007,0.017] [0.006,0.015]
B 5 Kty —0.03+0.12  [-0.17,0.23] [0.003,0.062] [0.002,0.047]
BF - wr® —0.34+£025  [-0.75,0.07]  [-0.129,0.007] [—0.102,0.031]

Appendix A: Input parameters

In this appendix we present the relevant input parameters.
We use the same set of input parameters for the quark
masses, decay constants, Wolfenstein parameters and form
factors as in [12].

(1) Input parameters of electroweak and strong coupling
constant, gauge boson masses, B meson masses, light me-

son masses, - - -, are as follows (all masses in units of GeV)
[12,42]:
Qom = 1/128,  as(Mz) = 0.118, sin?fy = 0.23,

Gr = 1.16639 x 107° (GeV) ™2,

Mz =91.187, My =80.41, mpo =mpz =5.279,
My = 0.140, myo = 0.135, m, = 0.547,
my = 0.958, m, =0.770, m, = 0.782,
mg = 1.019, mg=+ = 0494, mgo = 0.498,
M-+ = 0.892, mpg-o0 = 0.896,

7(BE) = 1.64ps, 7(BY) = 1.56ps. (A1)

(2) For the elements of the CKM matrix, we use the
Wolfenstein parameterization, and fix the parameters A,
A, p to their central values, A = 0.81, A = 0.2205, p = 0.12
and vary 7 in the range of 7 = 0.34 £ 0.08.

(3) We firstly treat the internal quark masses in the loops
in connection with the function G(z;,z) as constituent
masses,

my = 4.88GeV, m.=15GeV, my;=0.5GeV,
my, = mgq = 0.2GeV. (A2)

Secondly, we will use the current quark masses for m;
(i = w,d,s,c,b) which appear through the equation of
motion when working out the hadronic matrix elements.
For = 2.5GeV, one finds [12]

my = 4.88 Ge\/7
mgqg = 7.6 MeV, m, =4.2MeV.

me. =1.5GeV, mgz=0.122GeV,
(A3)

For the mass of the heavy top quark we also use m; =
mg(my) = 168 GeV.
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Fig. 10a,b. Plots of C P-violating asymmetries Acp versus
ms and 1/NET for decay (BT — K*7'). For a and b we set
N® = 3 and mz = 200 GeV, respectively. The 90% C.L. al-
lowed region from CLEO is Acp = [—0.17,0.23]

(4) For the decay constants of the light mesons, the fol-
lowing values will be used in the numerical calculations
(in units of MeV):

fr =133, frx =158, fr- =214,
fp =210, f, =195, f4 =233,
u _ pd __ u . pd __ c __
fo =1y =78 [y ="rfy =068 [;=-09,
for=-023, fr=-113, fr =141, (A4)

where f#(,) and f;(,) have been defined in the two-angle-

mixing formalism with 6y = —9.1° and 03 = —22.2° [61]
For more details about the mixings between 1 and 7/, see
[61,13].

Appendix B: Form factors
(1) The form factors at the zero momentum transfer in the

Bauer, Stech and Wirbel (BSW) [15] model have been col-
lected in Table 2 of [12]. For the convenience of the reader
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Fig. 11a,b. Same as Fig. 10 but for decay (B* — wn™). The
90% C.L. allowed region from CLEO is Acp = [—0.75,0.07]

we list them here:

FEB™(0)=0.33, FPX(0)= FP(0) = 0.145,

FP7(0) = 0135, APF,(0) = A{?;JQ(O) =0.28,
APE(0) = 0.32, APE"(0) = 0.33,

VEr(0) = vB«(0)=0.33, VBE(0)=037. (Bl

(2) In the LQQSR approach, the form factors at zero mo-
mentum transfer used in our numerical calculations are
[12]

FP™(0) =0.36, FPX(0)=0.41,

FP0) =0.16, FF"(0) = 0.145,

{Ag, A1, Ay, V(B — p) = {0.30,0.27, 0.26, 0.35},
{Ag, Ay, Ay, V(B — K*) = {0.39,0.35,0.34, 0.48},

{Ao, A1, A3, V(B = w) = {0.30,0.27,0.26,0.35}. (B2)

(3) The form factors Fp 1(k?), Ao 12(k?) and V (k?) were
defined in [15] by

Fy(0)
1= &2 /m2(07)’

F(0)

Folk?) = TR (1)

Fi(k?) =
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Ao(0) A:(0)
Ag(k?) = — 9% p (k)= — W
o) = T meory M) = Ty
A2(0) V(0)
Ay (k?) = 2) = .
2(F) = = k2 /m2(1+) VIE) =12 k2 /m2(17)
(B3)
(4) The pole masses used to evaluate the k% dependence

of form factors are

{m(07),m(17),m(1%), m(0")}

= {5.2789,5.3248,5.37,5.73} (B4)
for the @b and db currents. We have furthermore

{m(07),m(17),m(17),m(07)}

= {5.3693,5.41,5.82,5.89} (B5)

for the sb currents.
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