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In the quark-flavor mixing scheme, 7 and n’ are linear combinations of flavor states n, = (ui +
dd)/~2 and n, = s5 with the masses of mg, and mg, respectively. Phenomenologically, m,, is strictly

fixed to be around 0.69, which is close to 1/2m% — m2 by the approximate flavor symmetry, while Mgy 18
found to be 0.18 = 0.08 GeV. For a large allowed value of m,,, we show that the branching ratios (BRs)
for B— nX decays with X = (£ 7, €*£~) are enhanced. We also illustrate that BR(B — nX) >
BR(B — 7'X) in the mechanism without the flavor-singlet contribution. Moreover, we demonstrate that
the decay branching ratios for B — 5’ K] are consistent with the data. In particular, the puzzle of the
large BR(B — 7’K) can be solved. In addition, we find that the CP asymmetry for B= — 5K~ can be as
large as —30%, which agrees well with the data. However, we cannot accommodate the CP asymmetries

of B— mK” in our analysis, which could indicate the existence of some new CP violating sources.
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L. INTRODUCTION

The branching ratio (BR) of B® — 5’K® was first ob-
served by the CLEO collaboration with (89f%§ +9) X
1076 [1], which is much larger than (20 — 40) X 107¢
estimated by the factorization ansatz [2]. With more data
accumulated, this incomprehensible value becomes a real
puzzle now that the measurements from Belle and BABAR
depart from the theoretical estimations, where the former
has observed BR(B™ — nK™*) = (1.9 = 0.3702) x 1076
[3], BR(BT — 7/K*) = (69.2 + 2.2 +3.7) X 1076, and
BR(B" — 1/K") = (58.9%3¢ +£4.3) X 107® [4], while
the latter has measured BR(B™ — nK*) = (3.3 £ 0.6 =
0.3) X107 [5], BR(B* — n'K") =(68.9 +20 =+
32)x107% and BR(B’— %'K°) = (67.4 +3.3 *
3.2) X 107 [6]. To unravel the mystery, many solutions
have been proposed, such as the intrinsic charm in 1’ [7],
the gluonium state [8], the spectator hard scattering mecha-
nism [9], and the flavor-singlet component in 5’ [10].
Nevertheless, there are still no conclusive solutions yet.

Recently, the BABAR collaboration [11] has also mea-
sured the semileptonic decays with the data as follows:

BR(B* — n€*v,) = (0.84 £ 0.27 = 0.21) X 1074
< 1.4 X 1074(90%C.L.),
BR(B* — 7/€*vy) = (0.33 + 0.60 = 0.30) X 10~*
< 1.3 X 1074(90%C.L.). (D

Although the significance of the former in Eq. (1) is 2.550,
the central value is a factor of 2 larger than 0.4 X 1074
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calculated by the light-cone sum rules (LCSRs) [12].
Because of these results, we speculate that the mechanism
to enhance the BRs of B — 7'K may also affect the semi-
leptonic decays of B~ — 1)¢,. After surveying various
proposed mechanisms, one finds that only the flavor-
singlet mechanism (FSM) [10] could have direct influence
on the BRs of semileptonic decays [12,13]. In this paper,
inspired by the measurements of the semileptonic decays,
we would like to propose another possible mechanism
within the quark-flavor mixing scheme to study the decays
of B— (€~ 5, €14, K, K*). We will also compare our
results with those in the FSM [10,12-15] and explore the
differences between the two mechanisms, which could be
tested in future B experiments.

The paper is organized as follows. In Sec. II, we review
the quark-flavor mixing scheme. In Sec. III, we carry out a
general analysis for the decay amplitudes and form factors.
Numerical results and discussions are presented in Sec. IV.
Our conclusions are given in Sec. V.

II. THE QUARK-FLAVOR MIXING SCHEME

It is known that the physical states i and 5’ are com-
posed of the flavor octet ng and singlet 7, in which the
flavor wave functions are denoted as ng = (uii + dd —
255)/v/6 and n, = (uii + dd + s3)//3, respectively.
Because of the U,(1) anomaly, it is understood that the
mass of i’ is much larger than that of 5. To satisfy the
current experimental data, usually one needs to introduce
two angles to the mixing matrix, defined by n =
cosflgmg — sinf;n; and 1’ = sinfgmg + cosd;n, [2,16],
to describe the connection between physical and flavor
states. However, it is known that by using the two-angle
scheme, we will encounter a divergent problem in some B
decays [17], such as B — n'K. To illustrate this problem,
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we notice that in these decays, the factorized parts are
associated with the matrix element (0|5iyss|7;). From
the equation of motion, one has (0|9“5y,yss|n) =
<012ms§i7’55|771> =m3 [ lead_ing to (OlSiyssln) =
my f, /2m,, where f, (m, ) is the decay constant
(mass) of m;. In the chiral limit of m; — 0, the matrix
element diverges because m, # 0. To explicitly display
the chiral limit, it is better to use the quark-flavor scheme,

defined by [18,19]
M\ _ [cos¢p —sind\(n, @)
n sing  cos¢ ns /)
where 7, = (ui + dd)/~/2 and 1, = s5. From the defini-
tion of (017", ysq'Iny(P)) = ify,pu (4" =4q.5), the
masses of 7, ; can be expressed by

V2 - _
m?]q = —0lm,iwiysu + mdd175d|774>,
fa,

2 3)
m?s = <0|ms§l’}/5s| T’s>

fnS

Clearly, in terms of the quark-flavor basis, m,, and m, are
zero in the chiral limit. We note that m,, and m,, are
unknown parameters and their values can be obtained by
fitting with the data, such as the masses of 1" and the
decay rates of some relevant B decays. Note that m,,, ,, are
related to m?,q,m,K by m§ = my,/(m, + my), m§ =
m2,/2mg and m% = m%/(m; + m,). From the divergences
of the axial vector currents

i

J2N.

(01g"(0);4% @)Iny (p)) =

"N — p(o)

where ¢” = u,d and 5, g’ = g and s, ¢,, ,(x) and @7 " (x)
q q
denote the twist-2 and twist-3 wave functions of the 7,
state, respectively, x is the momentum fraction, m% , stands
for the chiral symmetry breaking parameter, and n, =
(1,0,0) and n_ = (0, 1,0) are defined in the light-cone
coordinates. On substituting Eq. (7) into Eq. (3), we obtain
m%q = m2,/(m, + my) and m% = m%/2m;. In the next
section, it will be clear that the value of m,, is crucial for
the determination of the B — 1) transition form factors,
which play important roles in the decay branching ratios of

B— nX with X = (¢~ 5y, €147, K).

III. DECAY AMPLITUDES AND FORM FACTORS

We first study the semileptonic decays of B~ —
n"€¢ v, and B— n€*¢~ by writing the effective
Hamiltonians at quark level in the SM as

GrVu ~
H, = f/ﬁ b iy, (I — ys)bly*(1 — ys)ve,  (8)
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*q'y,vsq = EGG +2myq'iysq, 4)

where G = G are the gluonic field strength and G =
G = E“”"‘BG‘;B, one obtains the 71, ; masses as

MZ, M3\ (©lorTisIng)/fy O1a#Tslng)/ £
M3, M3 ©lorTisIn)/ fq - Olo-T,sImg)/

2ya? >

m%M + 242
- 2 2.2 )
mg, + y“a

V2ya?

with  a? = (0le,GGln,)/(427f,) and y=f,/f..
Furthermore, by using the mixing matrix introduced in
Eq. (2), we have [20]

L (m_2,,, — mi)(m3 — m2,)q1/2
sing = 2, — m2)(m2. — m2 ,
m3, = my)(m3; — myg,

(6)

(m?, = m3,)(m3, — m3) }1/2

y= [
(m%]' - méq)(m%, - méq

2 _ .2 2 _ .2
, 1 (mn, mg,)(my — mg,
@ =5 2 2 )

mgy — mqq

where m o is the mass of 7",

According to the relations in Eq. (3), it is interesting to
see that the parameter m ) is involved in the distribution
amplitude of the 7, state, which is defined by [21]

| e LBy, () + ys)my 04, )+ D~ 115, (9} )

Gra. A7
H, = %[Hmm + Hy, L%, (9)

respectively, with

_ 2mb . v
Hy, = C"(w)q'y, Prb — 7C7(M)q’qu Pgb,

H2,u = CIO‘?I')’MPLb, (10)
L* = {yrg,
L = fyryst,

where agp, is the fine structure constant, V;; denote the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements,
/\?’ =V, Vt*q,, C; are the Wilson coefficients (WCs) with
their explicit expressions given in Ref. [22], m, is the
current b-quark mass, g is the momentum transfer, and
Prr) = (1 * 7y5)/2. Note that the long-distance effects of
¢ bound states have been included in C, given by [23]
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" 3 al(V— €1 )M,
Cf(u) = C + (3C +C h(z, s) — k ,
() = Colpr) + (BCy (1) zm))( D
8 8 8 4 In| =2t — iz, for x = 472 /s < 1 (b
hiz,s) = —= —b——l o+ — + — x——(2-|-x)|1—x|1/2 Vi=x=l
9 9 27 9 2 arctanﬁ, for x = 472 /s > 1,

where h(z, s) describes the one-loop matrlx elements of operators Oy = 5,y*P; bgCgy, Prc, and O, = 5y*P bcy,Prc
[22] with z = m./m, and s = g%/ mb, My (T'y) are the masses (widths) of intermediate states. The hadronic matrix

elements for the B — P transition are parametrized as

(P(pp)|g' v blB(py)) = f’i(qz)<P“ -

. - (g%
(o 'i0,blB(pa) = T
w1th P representing the pseudoscalar, P, = (pg + pp) .

= (pgp — pp), and fE(g*) are form factors.
Consequently, the transition amplitudes associated with
the interactions in Egs. (8) and (9) can be expressed as

\/—GF uh

M, = P(?)ppt, (13)
GragA! - o
My = 2 gy Ul + il ppyst]  (14)
V2
for B— P{ v, and B — P{*{", respectively, where
- 2m
g = C§T 1 (q%) + 7hc7f$(q2),
mp + mp

. 15)
iy = Crof% (g?).

The differential decay rates for B~ — P{~ v, and B; —

P{*" €~ as functions of ¢ are given by [12]

drl _ G%v’lvublzm%

dq* 3 X 2073

VO = s+ 37 — 4L ()P

pP- P-q
CI#> +fé’(q2)7qﬂ,
(12)
(P49, — ¢°P,]
{
respectively, with Pp=2/s|ppl/my =

\/(1 — s — m3)? — 4s/m3. Since we concentrate on the

production of the light leptons, we have neglected the
terms explicitly related to the lepton mass. We note that
due to Cy > C5, the effect associated with the form factor
of f2(¢%) in Eq. (15) is small. From Egs. (16) and (17), we
see clearly that the semileptonic decays are only sensitive
to the form factor % (g?). By this property, we can use the
data of B~ — n{€~ v, to constrain the unknown parameters
in the calculations of the form factors. The constrained
parameters could make some predictions for the decays
B— np"¢*¢" and B — n"K.

In the large recoil region, i.e. g> — 0, the form factors
can be evaluated by the perturbative QCD (PQCD) [24,25]
approach, in which the transverse momenta of valence
quarks are included to remove the end point singularities
when x — 0. Hence, in terms of Eq. (7) and the flavor
diagrams shown in Fig. 1, the form factors f% (¢2), f¥ (¢?),
and fF (g?) for B— P can be formulated as [23]

R = 1(@® + 5P,

(16)
2@ = @1+ L) + (1 - L o

= G |\ 1= s+ g — 4 A=t ) e )

P(|rigr | + |ri2y0l?), A7) where

|
1 (o)
FP(q?) = 8wCrmdyr ]O [dx] L bydbybadbadbp(xr, b BE(x2) — bo(e) EGCV)h(x, %o, by, b),
00 1

F2(q2) = 8 Cpm ]0 'Ldx] L bydbybadbydb (. bl){[u + 58 dpn) + 2”’((5 - x2)¢§>(xz) - xzqs;i(xz)ﬂ

X E(tD)h(xy, x5, by, ba) + 2rpdh(x) E(1?)h(xy, xy, by, bl)}’ (4

and
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(g = 8w Crmz(1 + mp/mp) ﬁl[dx] j:o bydb,b,db,pp(x;, bl){[¢P(x2) — rpxadp(xy) + ”P<§ + x2>¢}(x2)i|

X E(tW)h(xy, x5, by, by) + 2"P¢§(x2)E(f(2))h(xz, X1, by, bl)}: (20)

with Cp = 4/3, £ = 1 — ¢*/m3, and rp = m%/mg. From Eq. (18), we find that £, (0) = f,(0). The evolution factor is
given by E(1) = a(t) exp(—Sp(t) — Sp(r)) where the Sudakov exponents Spp) can be found in Ref. [26]. The hard

function 4 is written as

h(xy, x,, by, by) = Sz(xz)Ko(\/xlxzmebl)[‘g(bl - bZ)KO(\/@meI)IO(\/gmeQ
+ 0(by — b)Ko(\xEmpby)Io(\Jx2Empb))], (2D

where the threshold resummation effect is described by
S;(x) = 22T G + o)[x(1 = x)]°//aL(1 + ¢) with ¢ =
0.3 [25]. The hard scales 7 are chosen to be [27]

A = max(\/@, 1/by, 1/by, A),
1 = max(m, 1/by,1/by, A),

where A is used to exclude the effects from nonperturba-
tive contributions. To get the BRs for the three-body semi-
leptonic decays, besides the values of the form factors at
g*> = 0, we also need to know their g> dependences. To
obtain them, we adopt the fitting results calculated by the
light-cone sum rules (LCSR) [28], given by

I(0)
- ¢*/m%)( — aiq*/mi.)

{o@) = (22)

with a7y = 0.52(0.84) and mp- = 5.32 GeV. In terms of
the quark-flavor mixing scheme, we will calculate the B —
7,,s form factors, which are related to those of B — 7" by

cose .y,

fz(T)(qz) = WfHT)(qz)’
. (23)
fz/(T)(qz) = %fzin(qz)-

NGl

For the nonleptonic decays of B — 1"k, we will as-
sume the color transparency [29], i.e., no rescattering
effects in B decays. The effective interaction for the b —
s transition at the quark level is given by [22]

T / T /

1

(a) ()

b

FIG. 1 (color online). Flavor diagrams for the B — P transi-
tion with T'* = (y#, ic*¥q,).

[
Ha =25 5 V[ Qw0 ) + )08 ()

q=u,c
10

> Cwow | 24
i=3

where V, = ViV, are the CKM matrix elements and the

operators O;-0 are defined as

0(1q) = (Gnqp)v-aldgba)v-a
0(24) = (G0qa)v-a(Ggbg)y-a
0; = (%ba)vaZ(%Qﬁ)va,
7

04 = (‘ﬂybﬁ)vaZ(qBQa)VfA’
q

Os = (%ba)v—AZ(%qB)wA,
q

O¢ = (%bﬁ)v—AZ(%qa)wA, (25)
q
— 3 =/ =
0, = E(Qaba)V—Ageq(q,BqB)V+A:
— 3 =/ =
Og = E(QabB)Vngeq(QBQa)V+A;
— 3 =/ =
0y = E(Qaba)Vngeq(q,Bqﬁ)VfAJ
010 = 2 (@) (@p2)
10=5 qdaPp V—A;eq q4p9a)v-as

with « and B being the color indices. In Eq. (24), O-0,
are from the tree level of weak interactions, O5-Oy are the
so-called gluon penguin operators, and O;-O;, are the
electroweak penguin operators, while C; (i=1,2,---,
10) are the corresponding WCs. Using the unitarity condi-
tion, the CKM matrix elements for the penguin operators
03-0,( can also be expressed as V, + V.= —V,. To
study the nonleptonic decays, we will encounter the tran-
sition matrix elements such as (P,;P,|H.|B) =
(P,P,|V,C;0,|B). To describe the B decay amplitudes,
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we have to know not only the relevant effective weak
interactions but also all possible topologies for the specific
process. In Fig. 2, we display the flavor diagrams for B; —
N4(s)K decays, in which 2(a)—-2(c), 2(d) and 2(e), and 2(f)
illustrate penguin emission, penguin annihilation, and tree
emission topologies, respectively. Since the b-quark is
dictated by the weak charged current, its chirality is always
left handed. However, the chiralities for gg pairs, produced
by gluon, Z-boson, and photon penguins, could be both left
and right handed, resulting in processes containing both
V — A and V + A currents. In Fig. 2, we have explicitly
labeled the associated type of currents except the
diagram 2(f) which is from the tree and only has the left-
handed interaction. Note that although we use the states
7,4, as our basis, the physical states can be easily obtained
by using Eq. (2). For the charged B decays, besides the
flavor diagrams displayed in Fig. 2, three more diagrams
arising from tree emission and annihilation topologies need
to be included as shown in Fig. 3. From Figs. 2 and 3, the
decay amplitudes for B>+ — 7, K" * and B — 7 K*0.*
are given by

Ag=VI(F(E)’a+N?’a+F(f)’c+N?’c+F(f)’d+Ngd)
— Vu(Fy, + N9, (26)

0_ 0 0 0 0
As = VilFpgi T Nppioy + Fpe + Npe)

and

S d S S a VTA a
N N s
VFA VA
d d d d d d
@ ® ©

(d) (e) ()

FIG. 2. Flavor diagrams for B; — K decays: (a)—(e) stand
for the penguin contributions while (f) is the tree contribution,
where V F A denote the left-handed and right-handed currents,
respectively.

S > >
b u s N
(e (h) ()

FIG. 3. Flavor diagrams arising from tree emission and anni-
hilation for charged B decays.
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A;—:VI(F;a+N;a+F;’—C+N;’—C+F;’—d+N;d)

— + + + +
V“(FT(f+g) + NT(f—%—g) + FTh + NTh), 27)
A = VilF g0t Npgro + Fre + Np,)
o Vu(F;:i + N;r,'),
where  V,=V,Vi=-A\ and V,=V,V =

AN*R e %3, F(,);,:r and N?;,:r represent the penguin factor-
ized and nonfactorized contributions for the topology k,
and F ‘%,j and N%k+ are the tree factorized and nonfactorized
effects, respectively. The lengthy formulas for various
factorizable and nonfactorizable parts can be found in
Refs. [26,30]. We note that for simplicity we have used
the same notations for the n,,K and 7,,K* modes.
Furthermore, from Eq. (2) the physical decays can be
written as

cos¢
V2

sin¢
V2

The decay BRs and CP asymmetries (CPAs) are given by

sin¢
V2

AB*" — k™) = —=AgT —— =AY,

AB*Y — p/K®) = A" +

BR(B0’+ - n(’)K[*]0’+)

213 2
- GFlpJZLTB"'+ A(B* T — VKO (29)
o
Acp(B — nVK)
_ BR(B — ﬂ(/)K[*]) — BR(B — ,7(/)1([*])
BR(B — nKl*]l) + BR(B — nKl*])’

(30)

which can be evaluated in terms of Egs. (26)—(28), where
|pl = \JE% — m% and Ex = (m% — mf](,) + m%)/2mg.

IV. NUMERICAL RESULTS AND DISCUSSIONS

In the PQCD approach, if we regard the meson wave
functions as known objects, the remaining unknown theo-
retical quantities are the chiral symmetry breaking parame-
ters of states 7,, and K, denoted by m?,q,m, x> and the

meson decay constants f By K- It is known that f; has

been determined quite precisely to be around 0.16 GeV by
experiment, while the lattice QCD calculations give fp =
0.216 £ 0.022 GeV [31], which is consistent with the
extracted value from the decay B~ — 77, measured by
Belle [32]. By low-energy experiments, the decay con-
stants of n, , are found to be f, = (1.07 £0.02)f,, and
Sy, = (1.34 2 0.06)f, [19], respectively. Basically, the
undetermined parameters in our considerations are the
parameters m,, and m,,. To obtain the allowed range for
M, s in a model-independent way, we adopt the phenome-
nological approach. The parameters in Eq. (6) are limited
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0.7

0.695

mg GeV

0.69

0.685

0.1 0.13 0.16 0.19 0.22 0.25
my, GeV

FIG. 4. The allowed ranges for m,, and m.

to be ¢ =239.3°+1.0°, y=0.81*+003, and a®=
0.265 £ 0.010 [19]. With these values, the allowed ranges
for m,, and my, are presented in Fig. 4. From the figure, we
find that m,, has a narrow allowed window around
0.69 GeV, which can be understood in terms of the flavor

2m3% — m% [20]. However,
my, is relatively broader, given by 0.18 = 0.08 GeV. To

do the numerical estimations, we take fp = 0.19 GeV,
f,,q = 0.14 GeV, and ¢ = 39.3° as the input values. For

the nonperturbative wave functions, we use the results
derived by the LCSR for the light mesons [28], while for
the B meson wave function, we use

dp(x) = Ngx*(1 — x)? exp[— m%xz} exp[— w%bz}

Zw% 2

symmetry, given by mg, =

€1V

with N = 111.2 and wp = 0.38 [26]. Accordingly, we get
the B — K form factor of fX(0), defined in Eq. (12), to be
0.36. From Eq. (23), we show the form factors f Z(/)T(O) in
Table 1. From the table, we see clearly that they will be
enhanced with increasing m,,. In addition, it is easy to
understand that the behavior f7 (0) > f iT(O) is always
satisfied as seen from Eq. (23) due to cos¢ > sin¢ with
¢ ~ 39.3°. This property is different from that in the FSM,
given by [10]

,, :cosqb& -
fi(0) 7 fvrfi (0)

+ \}§<\/§cos¢; - sm¢j:s) 73"%(0),
7o =224 o ey
_ q §ing

\/..(x/zsm(b A + cos¢fﬁ>f, (0),
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0 0) .
TABLE L. f7(0) and f7 (0) with three allowed values of
My,
m GeV) L0 0 10 1O
0.14 0.14 0.14 0.12 0.11
0.18 0.21 0.20 0.18 0.17
0.22 0.29 0.29 0.24 0.24

where f}"8(0)(i = +, T) correspond to the new form fac-
tors due to the flavor-singlet state. Based on f7(0) =

7(0) = 0.26 calculated by the LCSRs [28], we present
the numerical results of Eq. (32) in Table II. From the table,
we see that f7 ,(0) < f Z',T(O) in the FSM. Furthermore, by
using |Vl =3.5X 1073, |V, =81X10"3 [33],
Egs. (16), (17), and (22), and the values in Tables I and
II, we show the semileptonic decay BRs in Table III. From
the table, we find that the results in both approaches could
be consistent with the data of B~ — 5’¢v,. On the other
hand, in our approach, we always predict BR(B~ —
n€* ;) > BR(B~ — n'€* ), whereas the inequality is
reversed in the FSM. A similar conclusion can be also
drawn for the processes of B, — 1€+ ¢~. We note that
the BRs are insensitive to the parametrizations displayed in
Eq. (22) [12].

We now give our numerical analysis for the nonleptonic
decays B — 5" K*]. By using the PQCD approach, the
values of factorized and nonfactorized contributions for the
B decays are shown in Table I'V. Based on these values and
V,, = —0.041 and V,;, =4.6 X 107 3¢ with ¢ =
72°, the predictions for BR(B — n"K!*]) and Acp(B —
n" K1) are given in Tables V and VI, respectively. Our
results can be summarized as follows:

(i) From Table V, we see clearly that with m,,
0.22 GeV, the BRs for B — 5Kl are consistent
with the world average (WA) data. It is interesting to
note that by increasing m,,, BR(B — 1n"'K) tend to
be small (large), while BR(B — n)K*) tend to be
large (small), favored by the experiments.

(ii) As seen from Table V, with the same value
of mg,, BR(B— nK)<O0(10"")BR(B— 7'K),
while BR(B — nK*) > BR(B — 1'K*). The phe-
nomena could be ascribed to the signs in the ampli-
tudes of B — (n,, 7,)K® by comparing Egs. (26)—

(28) with the specific values of F," and Fj, , . in
Table IV.
TABLE IL.  £7'7(0) with various values of £5"(0) in the FSM.
£"(0) 1 .4(0) £74(0)
0.0 0.15 0.13
0.1 0.20 0.25
0.2 0.25 0.38
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TABLE Ill. BRsof B~ — €5, (in units of 10™*) and B; — €+ €~ (in units of 1077) with my, = 0.14, 0.18, and 0.22 GeV in
our mechanism and £5"¢(0) = 0.0, 0.1, and 0.2 in the FSM. ¢ = 39.3°.

m,, (GeV) B~ — nlp, B~ — 1ty B,— el B,— n'tt e
0.14 0.30 0.15 0.02 0.01
0.18 0.67 035 0.04 0.02
0.22 127 0.62 0.07 0.04
£ (0) B~ — nlp, B~ — n'tp, B, — e B, — n'tt ¢
0.0 0.38 0.18 0.05 0.03
0.1 0.47 0.64 0.07 0.10
0.2 0.58 1.39 0.08 021
Exp. 0.84 = 0.27 * 0.21(<1.4) 0.33 = 0.60 = 0.30(<1.3) — —

TABLE IV. Factorizable and nonfactorizable parts for the decays B — nq,SK[*] with m,, = 0.22 GeV, where the values in the

square brackets are for B — 7, K*.

F9,10? N9, 10° F 4010 NY i 10* F9.10? N9 10*
-1.10 6.36 — i2.06 —0.55 —0.33 +il.22 0.26 —7.17 + i3.39
[—0.42] [3.89 — i2.37] [0.45] [—0.89 + i1.74] [0.19] [—7.88 + i2.56]
F9,10° N9, 10° F9,10° N9, 10° F,10° Ny,10°
—0.61 + i2.43 —5.77 — i9.62 —0.44 + i1.25 —0.51 — i4.62 —-0.61 3.61 — il.57
[—0.19 + i2.37] [—5.05 — i3.36] [0.30 — i1.86] [—5.02 — i9.06] [—0.41] [4.00 — i1.29]
F7,10? N7, 10° Fjps 010 Nipiol0? F7.10? N7 10*
-1.05 3.55 —i0.27 —0.54 —3.56 + il.71 0.21 —6.24 +il.70
[—0.43] [—1.86 — i2.61] [0.45] [—0.89 + i1.74] [0.188] [—7.64 + i3.53]
F7,10° N7 10° F7,103 N7 10° Fr,10° N7,10°
—0.63 + i2.20 —2.86 — i4.46 —0.50 + i1.60 —1.59 — i2.98 —0.45 3.27 = i0.90
[—0.09 + i2.37] [—2.21 —i0.72] [0.29 — i1.83] [—2.83 — 4.07] [—0.41] [3.85 — il.74]
Ff, 107 N, 103 F},10 N;,10° F};10° Nj;10°
10.03 —1.16 + i0.18 2.38 +i0.02 0.99 + i1.38 —1.02 — i0.02 0.27 +il.13
[11.60] [—1.55 + i0.06] [—2.19 — il.14] [1.09 + i0.70] [1.61 + i0.95] [0.89 + i1.55]

(iii) From Table VI, we find that for m,, = 0.22 GeV,
Acp(B, — nK™") is as large as —30%, which
agrees well with the data, whereas the other two
sets of m,, lead to positive and small asymmetries.
In addition, our prediction for A-p(B,; — nK*0) is

TABLE V. BR(B — 7"K!*)) (in units of 107°) with m,, =
0.14, 0.18, and 0.22 GeV as well as the WA values [34].

q

too small, while that of Aq-p(B, — nK**) is too

large, in comparison with the data. If future experi-

ments display the current tendencies for these

CPAs, such phenomena will become new puzzles.
Finally, we remark that in the quark-flavor scheme, as
the errors in the decay constants of f, and f are only 2%

TABLE VL. Acp(B — n”K!*]) (in units of 1072) with m,, =
0.14, 0.18, and 0.22 GeV as well as the WA values [34].

m, B;—nK' B,—n'K’ B,—nK" B,—n'K" mg,, B;—nK' B,—n'K’ B,—nK" B,—n'K"
0.14 3.01 31.44 5.66 34.60 0.14 -2.10 0.69 5.62 —-5.28
0.18 0.28 44.04 1.26 47.36 0.18 —2.47 0.57 5.88 —6.19
0.22 1.43 62.69 1.52 65.04 0.22 4.41 0.48 —30.64 —6.88
WA <1.9 649 =35  22*03 69.7+38 WA — — -29+11 31=x21
m,, By— nK* B;— 7'K* B,—nK** B,— 7K m, B;—nK* B,—n'K* B,—nK'* B,— n'K**
0.14 11.54 8.21 11.74 10.06 0.14 0.79 —-0.82 —15.79 8.39
0.18 15.91 5.76 15.94 8.12 0.18 0.67 —-0.98 —20.51 8.83
0.22 2231 3.35 22.13 6.38 0.22 0.57 -1.30 —24.57 4.60
WA 161*1.0 3.8=*12 19.5%1:¢ 4972} WA 19+5 —8*25 2+6 3033
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TABLE VII. BRs (in units of 107°) and CPAs (in units of
1072) for B — nK!* decays with m,, = 0.22 GeV and ¢ =
39.3° = 1.0°.

Obs. B,—nK° B,— 'K B,—nkK' B,— K"
BR 1437930 62697939 1.52=101¢  65.041012
Acp 4417037 048 =0.009 —30.647412 —6.887013
S A S T
BR 2231103 3.3579% 22.13%0%% 6.38 = 0.26
Acp 0570011 —1.30=0.08 —24.572572  4.60711S

and 4%, respectively, their effects on BRs and CPAs are
mild. However, the influence from the mixing angle ¢
could be larger. We present the results with the error of
¢ in Table VIL

V. CONCLUSIONS

Because of the current experimental limits on the mixing
parameters of the 1 and 1’ mesons, we have studied the
phenomenologically allowed ranges for mg and m,g,.
Explicitly, we have found that mg, is around 0.69 GeV
and m,, = 0.18 = 0.08 GeV. We have shown that the
semileptonic decays of B~ — 5)¢p, are sensitive to
m,, and thus they can provide strong constraints on its
value. In addition, our mechanism based on the quark-

PHYSICAL REVIEW D 75, 054003 (2007)

flavor mixing scheme naturally leads to fZI(O) < f1(0)
as well as BR(B™ — n{~p,) >BR(B™ — 0/ p,), in
contrast with the reversed inequalities in the FSM due to
the flavor-singlet contribution [12,13]. Similar conclusions
can also be drawn for the decays B, — n¢T¢~. It is
interesting to note that the future measurements on
BR(B~ — 1"¢%;) and BR(B; — 1’¢*€~) can be used
to distinguish the two flavor mechanisms. Moreover, we
have shown that BR(B — 5" X) with X = (€ 7, £7¢7)
are enhanced and, in particular, the puzzle of the large
BR(B — 7'K) can be solved with a reasonable large value
of m,,. We have also demonstrated that Acp(B~ — nK™)
can be as large as —30% and BR(B — 1" K*) are consis-
tent with the current data. Finally, we remark that our
results for Acp(B — 1K*) do not agree with the experi-
mental values. According to our analysis, currently, they
are the most incomprehensible phenomena. Other mecha-
nisms as well as more precise measurements are needed for
a complete description of all the above decays.
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