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Abstract. We study two-body charmless hadronic decays of B mesons to a pseudoscalar meson (P) and a
tensor meson (7') in the frameworks of both flavor SU(3) symmetry and generalized factorization. Certain
ways to test the validity of the generalized factorization are proposed, based on the flavor SU(3) analysis.
We present a set of relations between a flavor SU(3) amplitude and the corresponding amplitude in the
generalized factorization which bridge both approaches in B — PT decays. The branching ratios and C' P
asymmetries are calculated using the full effective Hamiltonian including all the penguin operators and the
form factors obtained in the non-relativistic quark model of Isgur, Scora, Grinstein and Wise. We identify
the decay modes in which the branching ratios and C P asymmetries are expected to be relatively large.

1 Introduction

The CLEO Collaboration has reported new experimental
results on the branching ratios of a number of exclusive B
meson decay modes where B decays into a pair of pseu-
doscalars (P), a vector (V) and a pseudoscalar meson,
or a pair of vector mesons. Motivated by the new data,
much work has been done to understand those exclusive
hadronic B decays in the framework of the generalized fac-
torization, QCD factorization, or flavor SU(3) symmetry.
In the next few years B factories operating at SLAC and
KEK will provide plenty of new experimental data on B
decays. It is expected that an improved new bound will
be put on the branching ratios for various decay modes,
and that many decay modes with small branching ratios
will be observed for the first time. Thus more information
on rare decays of B mesons will be available soon.

There have been a few works [1-3] studying two-body
hadronic B decays involving a tensor meson T (J¥ = 27T)
in the final state using the non-relativistic quark model
of Isgur, Scora, Grinstein and Wise (ISGW) [4] with the
factorization ansatz. Most of them studied B decays in-
volving a b — ¢ transition, to which only the tree dia-
gram contributes. In a recent work [3], the authors consid-
ered the Cabibbo-Kobayashi-Maskawa (CKM) suppressed
hadronic B decays involving a b — u transition as well as
a b — c transition. However, they included only the tree
diagram contribution even in charmless B decays to PT
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and VT, such as B — n"ay and B — d)f(') In most
cases of the charmless AS = 0 processes, the dominant
contribution arises from the tree diagram and the contri-
butions from the penguin diagrams are very small. But in
some cases such as B — 1nay and n(’)fQ(/), the penguin
diagrams could provide sizable contributions.

Furthermore, in the charmless |AS| = 1 decay pro-
cesses, the penguin diagram contribution is enhanced by
the CKM matrix elements V;;V;, and becomes dominant.
Experimentally several tensor mesons have been observed
[5], such as the isovector as(1320), the isoscalars f2(1270),
f3(1525), f2(2010), f2(2300), f2(2340), xc2(1P), Xxp2(1P)
and x.2(2P), the isospinors K3 (1430) and D3(2460). Ex-
perimental data on the branching ratios for B decays in-
volving a pseudoscalar and a tensor meson in the final
state provide only upper bounds, as follows [5]:

B(B*Y — 77 D3(2460)°7)) < 1.3(2.2) x 1073,
B(BT — 7T K3(1430)°) < 6.8 x 1074,

B(BT — 7T+f2(1270)) <24 %1074,

B(B° — n%ax(1320)F) < 3.0 x 10~ (1)
In this work, we analyze two-body charmless hadronic de-
cays of B mesons to a pseudoscalar meson and a tensor
meson in the frameworks of both flavor SU(3) symmetry
and generalized factorization. Purely based on the flavor
SU(3) symmetry, we first present a model-independent
analysis in B — PT decays. Then we use the full effective
Hamiltonian including all the penguin operators and the

ISGW quark model to calculate the branching ratios for
B — PT decays.
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Since we include both the tree and the penguin dia-
gram contributions to decay processes, we are able to cal-
culate the branching ratios for all the charmless |AS| =
1 decays and the relevant C' P asymmetries. In order to
bridge the flavor SU(3) approach and the factorization
approach, we present a set of relations between a flavor
SU(3) amplitude and the corresponding amplitude in fac-
torization in B — PT decays. Certain ways to test the
validity of the generalized factorization are proposed by
emphasizing the interplay between both approaches. We
organize this work as follows. In Sect. 2 we discuss the no-
tations for the SU(3) decomposition and the full effective
Hamiltonian for B decays. In Sect.3 we present a model-
independent analysis of B — PT decays based on SU(3)
symmetry. In Sect. 4 the two-body decays B — PT are an-
alyzed in the framework of generalized factorization. The
branching ratios and C'P asymmetries are calculated us-
ing the form factors obtained in the ISGW quark model.
Finally, in Sect.5 our results are summarized.

2 Framework

In the flavor SU(3) approach, the decay amplitudes of two-
body B decays are decomposed into linear combinations
of the SU(3) amplitudes, which are the reduced matrix
elements defined in [6]. In the SU(3) decomposition of the
decay amplitudes of the B — PT processes, we choose the
notations given in [6-8] as follows: We represent the decay
amplitudes in terms of the basis of quark diagram con-
tributions, T (tree), C' (color-suppressed tree), P (QCD-
penguin), S (additional penguin effect involving SU(3)
singlet mesons), E (exchange), A (annihilation), and PA
(penguin annihilation). The amplitudes E, A and PA may
be neglected to a good approximation because of a sup-
pression factor of fg/mp ~ 5%. For later convenience we
also denote the electroweak (EW) penguin effects explic-
itly by Ppw (color-favored EW penguin) and Pgy, (color-
suppressed EW penguin), even though in terms of quark
diagrams the inclusion of these EW penguin effects only
leads to the following replacement without introducing
new SU(3) amplitudes: T — T + PSy, C — C + Prw,
P — P—(1/3)PSy, S — S — (1/3) Pew. The phase con-
vention used for the pseudoscalar and the tensor mesons
is

(o) =l 70(af) =~ (un — d).
7 (ay) = —ud, KT (K;T)=us,
KO(K3®) = ds, KO(RS) = ds,
K~ (K;7) = —us,
1 _
n=———(utt + dd — s3),

w

V3

(uti + dd + 2s5),

/

n

-5l

fo = —=(uu + dd) cos ¢ + (s5) sin ¢,
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fi = 5w+ dd)singr = (s9)cosor. (2
where the mixing angle ¢7 is given by ¢r = arctan(1/
V2) —28° ~ 7° [1,9]. In the factorization scheme, we
first consider the effective weak Hamiltonian. We then use
the generalized factorization approximation to derive the
hadronic matrix elements by saturating the vacuum state
in all possible ways. The method includes a color octet
non-factorizable contribution by treating £ = 1/N. (N,
denotes the effective number of color) as an adjustable pa-
rameter. The generalized factorization approximation has
been quite successfully used in two-body D decays as well
as B — D decays [10]. The effective weak Hamiltonian for
hadronic AB = 1 decays can be written as

4Gy

Heff = \/i VubVJq(ClOif + CQOQU) (3)

12
Ve Vi (105 + 208) = Vi Vi Y ¢;0;| + H.C.,
1=3

where the O;’s are defined by

Ort0) = 3 (@ LD (e RN,
Ostao) = o (@ecy Lbg) (Seq i RILNL),
O = %mb@a””RT“b)sz
Oy = émb(q‘a“”Rb)Fﬂy. (4)

Here the ¢;’s are the Wilson coefficients (WC'’s) evaluated
at the renormalization scale u. L(R) = (1F75)/2, f can be
a u or ¢ quark, g can be a d or s quark, and ¢’ is summed
over u, d, s, and ¢ quarks. @ and (3 are the SU(3) color
indices, and T* (a = 1,...,8) are the SU(3) generators
with the normalization Tr(T°T®) = §%°/2. g, and e are
the strong and electric couplings, respectively. G}, and
F,,, denote the gluonic and photonic field strength ten-
sors, respectively. O; and O are the tree-level and QCD-
corrected operators. Os.¢ are the gluon-induced strong
penguin operators. O7_1g are the EW penguin operators
due to v and Z exchange, and box diagrams at loop level.
We shall take into account the chromomagnetic opera-
tor O11 but neglect the extremely small contribution from
O12. The dipole contribution is in general quite small, and
is of the order of 10% for penguin dominated modes. For
all the other modes it can be neglected [11].

We use the ISGW quark model to analyze two-body
charmless decay processes B — PT in the framework of
generalized factorization. We describe the parameteriza-
tions of the hadronic matrix elements in B — PT decays
[4]:
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(0[A*|P) = ifpplp, (5)

(T|3"|B) = ih(mp)e" " e} ,p%(pB + 1) p(PB — PT)o
+h(mB)e ™ (pp)y + €45EPh (6)
x[by (m3)(ps + pr)* +b_(m3)(ps — pr)*],

where j# = V# — A*. V¥ and A* denote a vector and
an axial-vector current, respectively. fp denotes the de-
cay constant of the relevant pseudoscalar meson. h(m%),
k(m%), by (m3), and b_(m%) express the form factors for
the B — T transition, F8=7T(m%), which have been cal-
culated at ¢ = m3% (¢* = py — p) in the ISGW quark
model [4]. pp and pr denote the momentum of the B me-
son and the tensor meson, respectively. The polarization
tensor €*” of the tensor meson T satisfies the following
properties [12]:

e’ (pT7 )‘) = EVM(pT7 )‘)7 (7)
pue™ (pr, A) = pve"” (pr,A) =0, (8)
GZ(pTa )‘) = 07 (9)

where A is the helicity index of the tensor meson. We note
that due to the above properties of the polarization tensor,
the matrix element (0|j#|T") vanishes:

(01;|T) = pue"”(pr, A) + prey(pr, A) = 0. (10)
Thus, in the generalized factorization scheme, the decay
amplitudes for B — PT can be considerably simplified,
compared to those for other two-body charmless decays
of B mesons such as B — PP, PV, and VV: Any decay
amplitude for B — PT is simply proportional to the de-
cay constant fp and a certain linear combination of the
form factors FB=T  ie., there is no such amplitude pro-
portional to fr x FB=F,

3 Flavor SU(3) analysis of B — PT decays

We list the B — PT decay modes in terms of the SU(3)
amplitudes. The coefficients of the SU(3) amplitudes in
B — PT are listed in Tables1 and 2 for strangeness-
conserving (AS = 0) and strangeness-changing (|AS| =
1) processes, respectively. In the tables, the unprimed and
the primed letters denote AS = 0 and |AS| = 1 pro-
cesses, respectively. The subscript, P in Tp,Cp,... or T in
Tr,Cr,... on each SU(3) amplitude is used to describe the
particular case that the meson, which includes the specta-
tor quark in the corresponding quark diagram, is the pseu-
doscalar P or the tensor T'. Note that the coefficients of the
SU(3) amplitudes with the subscript P, which would be
proportional to f7x FB7F are expressed in square brack-
ets. As explained in Sect. 2, the contributions of the SU(3)
amplitudes with the subscript P vanish in the framework
of factorization, because those contributions contain the
matrix element (T.J3°*|0) which is zero; see (10).

Thus, it will be interesting to compare the results ob-
tained in the SU(3) analysis with those obtained in the
factorization scheme, as we shall see. We will present some
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ways to test the validity of both schemes in future exper-
iments.

Among the AS = 0 amplitudes, the tree diagram con-
tribution is expected to be largest so that from Table 1 the
decays Bt — ntal, 7t fa, and B® — nta; are expected
to have the largest rates. Here we have noticed that in
Bt — 7r+f2(') decays, cos¢dr = 0.99 and sin¢pr = 0.13,
since the mixing angle ¢r =~ 7°. The amplitudes for the
processes B — K K5 have only penguin diagram contribu-
tions, so they are expected to be small. In principle, the
penguin contribution (combined with the smaller color-
suppressed EW penguin) pr = Pr — (1/3)Pew, r can be
measured in BT — ROK;HO). The tree contribution
(combined with the much smaller color-suppressed EW
penguin) tr = Tr + PSW,T is measured by the combi-

nation A(B+(0 — I_(OK;HO)) — A(B* — 7tay). The
amplitudes for B® — 70f5, nfs, and 7'f5 have color-
suppressed tree contributions, C7(Cp), but are suppressed
by sin ¢ so that they are expected to be small. We shall
see that these expectations based on the SU(3) approach
are consistent with those calculated in the factorization
approximation. However, there exist some cases in which
the predictions based on both approaches are inconsistent.
Note that in Table1 the amplitudes for B® — 7~ a5 and
BT 5 K+O K30 can be decomposed into linear combi-
nations of the SU(3) amplitudes as follows:

A(B° = 17 a3) = —Tp — Pp — (2/3)Piw p, (11)
A(BT - KTK3%) = A(B° —» K°K3°)

— Pp — (1/3) PG p- (12)
As previously explained, in factorization the rates for these
processes vanish because all the SU(3) amplitudes have
the subscript P.

Non-zero decay rates for these processes would arise
from non-factorizable effects or final state interactions.
Thus, in principle one can test the validity of the factor-
ization ansatz by measuring the rates for these decays in
future experiments. Therefore, the non-factorizable pen-
guin contribution, if it exists (combined with the smaller
color-suppressed EW penguin), pp = Pp — (1/3)Pew . p
can be measured in B+ — KTO KT Al sup-
posing that Pp is very small compared to Tp as usual,
one can determine the magnitude of Tp by measuring
the rate for B — 7~ a3 . In the |AS| = 1 decays, the
(strong) penguin contribution P’ is expected to dominate
because of enhancement by the ratio of the CKM elements
[ViiVis|/|Vii Vus| = 50. We note that the amplitudes for
BT — K% and Bt — 7t K}° have only penguin con-
tributions, respectively, as follows:

1

A(BT — K%)= Pp. — gPéjv’v,T7 (13)
1

AB* = 7V K3%) = Pp — — PGy p- (14)

3

Thus the penguin contribution (combined with the smaller
color-suppressed EW penguin) p/. = Pr — (1/ 3)PEC\§V7T is
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Table 1. Coefficients of SU(3) amplitudes in B — PT (AS = 0). The coefficients of the SU(3) amplitudes with the
subscript P are expressed in square brackets. As explained in Sect. 2, the contributions of the SU(3) amplitudes
with the subscript P vanish in the framework of factorization, because those contributions contain the matrix
element (T'|.J3°**|0), which is zero. Here ¢ and s denote cos ¢ and sin ¢r, respectively

B — PT factor Tr [Tp] Cr [Cp] Pr [Pp] St [Sp] Pew,r [Pew,P] PgW,T [P]gW,Pl
Bt *+ad -1 1 1 1,[-1 1 2 7
poarn F L N e peeva sl
B oxtf sl Ps-vad [e4va)] 233
Bt —>7r°ai _“i [1] 1 —17 [1] 0 ’ 1 31 [2]3
2 \/5 9’ 37 3
B — naj —%5 [1] 1 1, 1] 1 2 -3 [3]
R S S Y 1 L[ 4 - -1 2]
BT - KTK3° 1 0 0 [1] 0 0 [—3]
Bt — K°K;* 1 0 0 1 0 0 -3
B® — ntay -1 1 0 1 0 0 2
B® = 77 ad -1 1] 0 [1] 0 0 [2]
B — 7% > 0 -1, [-1] 1,0 0 -1, [-1] -3 [~ 3]
B° = 7°f -1 0 e l=d  —el=d [~(2c+V2s)] ¢ [~5(c—V2s)] $ [5]
B® — 7%f} —% 0 s, [—s] —s, [=s]  [~(2s —v2c)] s, [—%(s + 20)] 3 [g]
gz — naj %é 0 -1 [ -1, [-1] -1 . :% [1] % [%]C
= nf — 7 0 ¢ [d] eld e f2e+V2s] 25, [5(c—V29)] -5 [-5]
B® = nfs -% 0 s, [s] s, [s] s [2s—v2d 25 [3(s+V20] 35, 5]
BO — "7la(2) _ﬁ 0 _17 [1] _17 [_1} —4 %7 [1} %7 [%]
B° - 7 fa ﬁ 0 ¢, [ ¢, [] 4e, [2¢ + \@s} -£, [%(c - \/is)] -3, [75]
B 1 f3 35 0 s, [s] s,[s) ds [2s-v2d -3 [5G +V2] -5, [-3]
BY - KYK3° 1 0 0 [1] 0 0 [—3]
B? —» K'K3° 1 0 0 1 0 0 —3

measured in BY — K%Z. Similarly, p/» = Pp — (1/3)
P&y p is determined in BY — 77 K3°. (In fact, pjp = 0
in factorization.) By comparing the branching ratios for
these two modes measured in experiment, one can deter-
mine which contribution (i.e., p/ or p/p) is larger. The (ad-
ditional penguin) SU(3) singlet amplitude S’ is expected
to be very small because of the Okubo-Zweig-Tizuka (OZI)
suppression, but the SU(3) singlet amplitude S’ for the
decays involving the pseudoscalar mesons n and 7’ is ex-
pected not to be very small, since the flavor-singlet cou-
plings of the np and 7’ can be affected by the axial anomaly
[13]. Thus, from Table 2, one can expect that the processes

BT o K;HO) have large branching ratios compared
to other |AS| = 1 decays, since they have both the pen-
guin contributions P’ and S (and the smaller EW penguin
contributions Pjyy and PSy ) and these contributions in-

terfere constructively like 2P} + Pp + 45/.. In contrast,

the processes BT(0) — nK;HO) have the penguin contri-
butions P’ and S’, but these interfere destructively like
—Pp + Pp + S As in AS = 0 decays, there are certain
processes whose amplitudes can be expressed by the SU(3)
amplitudes, but which are expected to vanish in factoriza-
tion: For instance, A(B* — 7+ K3) is given by (14) and
AB —» 7 K3T) = — (T}’D + Pp+ (2/3)P€\§V’P). Thus,
in principle measurement of the rates for these decays
can be used to test the factorization ansatz. We also note

that the decay amplitudes for modes BT — nYKj * and
B% — 7YK3° can be respectively written

A(B* = 1K) (15)

1 2
- T/+C/+P/+Pl —l—*PC/ >’
/2 ( P T P EW,7 T 3V EW,P
AB° - 1K3°)
1
=—— (Ch —Pp+ Phwr +

\/5( T P EW,T
Since in factorization only the amplitudes having the sub-
script T’ do not vanish, we shall see that B(BT — n0K;™)
= B(B° — 7°K3°) in the factorization scheme, where
B denotes the branching ratio. Thus, if Pp or T is (not
zero and) not very suppressed compared to C7., then there
would be a sizable discrepancy in the relation B(BT —
O K;T) = B(B® — 7°K3°), and in principle it can be
tested in experiment. From Tables1 and 2, we find some
useful relations among the decay amplitudes. The equiva-
lence relations are

A(BT - KTK;°) = A(B — K°K3°),
A(BT — K'K;%) = A(B° — K°K}°).

1
sPr). (0

(17)
The quadrangle relations are for the AS = 0 processes:

V2AB*Y = 1/af) + A(BT — naj)
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Table 2. Coefficients of SU(3) amplitudes in B — PT (|AS|=1)
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B — PT factor Tp [Tp] Cr [Cp]  Pr [Pp] St [Sp] Phw.r [Pew.r]  Psw.r [Piw.p
BT — K*a) -7 1 1] 1 0 1] 2

Bt - KT f, % c [] ¢, [V2s]  [2¢+ V28] [3(c—V25)] 2¢, [-v2¢]
BT - Kt f} % s [s] s, [=V2c  [2s —V2(] [3(s +V20)] 28, [V2¢]
B* — K3 1 0 0 1 0 0 —3

Bt — ntK3° 1 0 0 1] 0 0 [—3]
B —» Kyt~ 1] 1 1] 0 1 (2]

BY » it~ 1] 1 1, [1] 1 2 102]
BY Kt & 1 1 [ 4 -1 -2, 2]
B® = Ktay -1 1 0 1 0 0 2

B° - K% -7 0 1] -1 0 1] i

B - K°f, % 0 c] ¢, [V2s]  [2¢+ V25 [2(c—V25)] —-£, [-v2¢]
B — K°f} % 0 [s] [—v2c]  [25s — /2] [3(s +V20)] -3, [V2¢]
B’ »r K3t -1 1] 0 1] 0 0 (2]

B —»°K3" — 0 1 [—1] 0 1 [3]

B° = nK3° v 0 1 1, [1] 1 2 1, [-3]
B » ' K3° T 0 1 , [ 4 -1 -2, [-3]

= 2A(B° = n/ad) + V2A(B® — nal),
V2A(B® — 7 f,)]

V2A(B°

— 0 f2) + A(B°

CJABT 7t fy) -
= (BT 5 ) -
= %[\/iA(BO

= é[\/iA(BO

= f3)]
— nfa)]

= f3) + AB® = nf3)l,  (18)

and for the |AS| = 1 processes:
V2A(BY = K*d9) + A(BT — K%J)
= A(B = Ktay) + V2A(B° - K%)9),

%[A(B* — Kt fy) — A(B® = K°f,)]

_ %[A(B* — KTf) — A(B° = K°f3)],

ABY = 7t K3%) + V2A(BT — 7°K;T)
= AB® - 7 K3 1) + V2A(B® - 1°K3°),
A(BY = nK;") +V2A(BT = ' K3Y)

= A(B® = nK3%) + V2A(B° —» ' K3%),  (19)

where ¢ = cos¢r and s = sin¢p. Note that the above
relations are derived purely based on flavor SU(3) sym-
metry. In the factorization scheme (neglecting the SU(3)
amplitudes with the subscript P) we would have in addi-
tion the approximate relations as follows!. The following
factorization relation would hold:

V2ABT = 7tad) ~ A(B® — nta3). (20)

! Considering SU(3) breaking effects, we use the symbol ~
in the following relations instead of the equivalence symbol =

The quadrangle relations given in (18) and (19) would be
divided into the following factorization relations: for the
AS = 0 processes,

A(BY = nad) =~ vV2A(B° — nal)
—V2A(B* = n/ad)

~ —2A(B° = 1/a)),

Q

%A(BJr(O) St ) & éA(B“O) At O pry
SA(B > nf) e AB = nfy)
~ L VBAGB® > )
~ —VBAGBY Sl fy), (1)

and for the |AS| = 1 processes:

V2A(BT — K*ad) =
A(BT — K%J) ~

A(B® = KTa3),
V2A(B® - K°49),
ABT — K™ f),

Q

Last o k)
C

A(B® = K°f),

Q

1A(B0 — KYf,)
C

o e

Q

A(BT — 7K}
A(BtT — nK;
ABT = n'K3*

(B® = n°K3%),
A(B® = nK;3°),
A(B® — /' K3%).

+
+

%

)
)
)

Q

(22)

Therefore, in principle the above relations given in (20),
(21) and (22) provide an interesting way to test the factor-
ization scheme by measuring and comparing magnitudes
of the decay amplitudes involved in the relations. In con-
sideration of SU(3) breaking effects, the relation in (20) is
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best to use, because in fact the relation arises from isospin
symmetry assuming Cp = Pp = Pgw,p = P€W7P = 0.
(However, if C'p is negligibly small (though not zero) com-
pared to T, (20) will approximately hold.)

4 Analysis of B — PT decays
using the Isgur-Scora-Grinsteing-Wise model

Now, we present expressions for SU(3) amplitudes in-
volved in B — PT decays as calculated in the factor-
ization scheme as follows [14] (note that all the SU(3)
amplitudes with the subscript P vanish because those are
proportional to the matrix element (T'|j#]0)):

T =i \f Vi Vaacs) (Fres, pisps FE=T (m))ax,
. G * * v

oY = lﬁVuqud(s) (fre PR FP 7T (mb))as,
. G * * v

S = =t ViV (fpeiupp T (m))

X ( az — Cl5),

G

P = 2LV Vi (freplaps FPT (m3))

-is

X (ag —2a6Xqq),

Gr . Y
Pé/\)zv,T = *l\ﬁthth(s)(fPG#up’fngFBﬁT(m%))

X g(cw — ag),
c NE - . y
PENr = =i Vit Viao (e pisp FE 2T (m3)
V2
3
X 5((],10 — 2a8qu/)7 (23)
where
FP2T(m}) = k(m}) 4 (m% — m7)by (m})

+mpb_(m}p), (24)

2

m
Xog = » (25)

(mp +mg ) (mg +mg)

Here the effective coefficients a; are defined by a; = CEE +
&y (iis odd) and a; = ¢ + &c§, (i is even) with the

effective WC’s ¢£ at the scale my [117 15], and by treating
& =1/N. (N, denotes the effective number of color) as an
adjustable parameter. The last term with b_ in (24) gives
a negligible contribution to the decay amplitude due to
the small mass factor. With Tables 1, 2 and the above re-
lations (23), one can easily write down in the factorization
scheme the amplitude of any B — PT mode shown in the
tables. For example, from Table1 and the relations (23),
the amplitude of the process BT — 7+ a9 can be written?

1

V2

2 In the factorization scheme, we use the usual phase con-
vention for the pseudoscalar and the tensor mesons as follows:
°(a3) = (1/v/2)(uti — dd), 7~ (a3) = ud, K~ (K3~) = as

A(BT — 1Tal) =
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2
X (TT +Cp+Pr—Pp+ Pewp+ gPEW,T

1
+3PECW,P>
= ITFf ;ulpoBI:‘B—>a2 (m72'r) (26)
X AV Vuaar — ViyVialas + a10 — 2(ag + ag) Xau] } -

Here we have used the fact that Cp, Pp, Pgw,p, and
P}gw, p with the subscript P all vanish. In the appendix,
expressions for all the amplitudes of B — PT decays are
presented as calculated in the factorization scheme.

To calculate the unpolarized decay rates for B — PT,
we sum over polarizations of the tensor meson 7" using the
following formula [2]:

% 1
Zeaﬁ(pT7)\)euy(pT;A) = gaageuy,

A

1
9 (aau'gﬁu Jreﬂueau) -

(27)
where 0,5 = —gap + (p1)a(pr)s/m%. Then, the decay
rate for B — PT is given by

2
lpp|® (mB)
127Tm2T mr
where |pp| is the magnitude of the three-momentum of the

final state particle P or T (|pp| = |pr]|) in the rest frame
of the B meson. The C'P asymmetry, Acp, is defined by

Bb— f)—Bb— f)
Bb— f)+Bb— f)

A(B — PT)|?

* V2PN
6;wapB

I'(B— PT) = . (28)

Acp =

(29)

where b and f denote b quark and a generic final state,
respectively.

We calculate the branching ratios and the C'P asym-
metries for the B — PT decay modes for various input
parameter values. The predictions are sensitive to several
input parameters such as the form factors, the strange
quark mass, the parameter £ = 1/N,, the CKM matrix
elements and, in particular, the weak phase 7. In a recent
work [11] on charmless B decays to two light mesons such
as PP and V P, it has been shown that the favored values
of the input parameters are

€ ~ 0.45,
Vi = 0.040,

ms(mp) = 85MeV, = 110°,

and |Vub/‘/cb‘ = 0.087,
in order to get the best fit to the recent experimental data
from the CLEO collaboration. For our numerical calcula-
tions, we use the following values of the decay constants
(in MeV units) [10,15,16]:

fr=132, f, =131, f, =118, fx =162.

We use the values of the form factors for the B — T
transition calculated in the ISGW model [4]. The strange
quark mass mg is in considerable doubt: i.e., QCD sum
rules give m4(1 GeV) = (175 + 25) MeV and lattice gauge
theory gives ms(2GeV) = (100 £+ 20 + 10) MeV in the
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Table 3. The branching ratios for B — PT decay modes with AS = 0. The second and the
third columns correspond to the cases of sets of the parameters: {£& = 0.1, ms; = 85MeV,

v = 110°} and {¢ = 0.1, ms = 100 MeV, v

= 65°}, respectively. Similarly, the fourth and

the fifth columns corresponds to the cases: {£ = 0.3, ms = 85MeV, v = 110°} and {{ = 0.3,
ms = 100 MeV, v = 65°}, respectively. The sixth and the seventh columns correspond to the

cases: {£ = 0.5, ms = 85MeV, v = 110°} and

{¢ = 0.5, ms = 100 MeV, v = 65°}, respectively

Decay mode B(107%) B(107%) B(107%) B(107%) B(1078) B(107%)
Bt = 73 45.41 44.82 40.32 39.82 35.54 35.11
BT w1t fy 49.31 48.67 43.79 43.24 38.59 38.13
Bt — T f} 0.46 0.46 0.41 0.40 0.36 0.36
BT — 7% 1.78 1.52 0.029 0.048 2.05 2.38
BT — naf 5.81 6.02 5.20 3.94 7.09 4.48
Bt = n'af 27.19 22.97 23.02 17.93 20.33 14.45
BT — K°K;* 0.025 0.013 0.032 0.019 0.041 0.026
B° = ntay 85.91 84.80 76.29 75.34 67.23 66.44
B° = 7% 0.84 0.72 0.014 0.023 0.97 1.12
BY — 7%, 0.92 0.78 0.015 0.025 1.05 1.22
BY = n9f} 0.009 0.007 0.0001 0.0001 0.010 0.011
B° — nal 2.75 2.85 2.46 1.86 3.36 2.12
B® = nfs 2.99 3.09 2.67 2.02 3.65 2.30
B? = nf; 0.03 0.03 0.025 0.019 0.024 0.021
B% — n/ad 12.86 10.87 10.89 8.48 9.62 6.83
B® =0/ s 14.00 10.87 11.85 9.23 10.47 7.44
B? =0’ fs 0.13 0.11 0.11 0.085 0.096 0.068
B® » K°K3° 0.023 0.012 0.030 0.017 0.038 0.024

quenched lattice calculation [17]. In this analysis we use
two representative values of my = 100 MeV and mg
85 MeV at my scale. Current best estimates for CKM ma-
trix elements are Vg, = 0.0381 + 0.0021 and |Vy/Ves| =
0.085 + 0.019 [18]. We use Vg = 0.040 and |V /Ves| =
0.087. It is known that there exists a discrepancy in the
values of v extracted from CKM fitting in the p—n plane
[19] and from the x? analysis of non-leptonic decays of the
B mesons [20,21]. The value of v obtained from unitar-
ity triangle fitting is in the range of 60° ~ 80°. But in
the analysis of non-leptonic B decay, the possibility of a
larger v has been discussed by Deshpande et al. [20] and
He et al. [21]. The obtained value of « is v = 90° ~ 140°.
In our calculations we use the two representative values of
v = 110° and v = 65°. In Tables 3-6, we show the branch-
ing ratios and the C'P asymmetries for B — PT decays
with either AS = 0 or |AS| = 1. In the tables the sec-
ond and the third columns correspond to the sets of input
parameters

{6 =0.1,m, = 85MeV,~y = 110°}
and
{6 =0.1,m; = 100 MeV, v = 65°},

respectively. Similarly, the fourth and the fifth columns
correspond to the cases

{£ =0.3,ms = 85MeV,y =110°}

and
{£=0.3,ms = 100 MeV, vy = 65°},

respectively. The sixth and the seventh columns corre-
spond to the cases

{£ =0.5,ms = 85MeV,~v = 110°}
and
{£ =0.5,ms = 100MeV,~ = 65°},

respectively. Here £ = 1/N,. = 0.3 corresponds to the case
of naive factorization (N, = 3). It is known that in B — D
decays the generalized factorization has been successfully
used with the favored value of £ = 0.5 [22]. Also, as men-
tioned above, a recent analysis of charmless B decays to
two light mesons such as PP and VP [11] shows that
& ~ 045 is favored with certain values of the other pa-
rameters for the best fit to the recent CLEO data.

The branching ratios and the C'P asymmetries for B —
PT decay modes with AS = 0 are shown in Table 3 and 4.
Among the AS = 0 modes, the decay modes Bt — 71 a),
Bt — 7t fy, and B® — 7ta; have the relatively large
branching ratios of a few times 10~7. This prediction is
consistent with that based on flavor SU(3) symmetry. We
see that in the factorization scheme the following equality
between the branching ratios holds for any set of param-
eters given above: 2B(B*T — 77a3) ~ B(B® — 7tay),
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Table 4. The C'P asymmetries for B — PT decay modes with
AS = 0. The definitions for the columns are the same as those
in Table 3

Decay mode Acp Acp  Acp Acp Acpr  Acp
Bt - 7taY  0.016 0.016 0.015 0.015 0.015 0.015
Bt - xTf,  0.016 0.016 0.015 0.015 0.015 0.015
Bt - xTf, 0.016 0.016 0.015 0.015 0.015 0.015
BT = 7%} 014 015 -0.89 —0.52 —0.13 —0.10
BT = nad 0.59 0.55 —0.068 —0.087 —0.46 —0.71
BT = n'ad 0.17 020 —0.021 —0.026 —0.22 —0.29
BT - K°K;t 0 0 0 0 0 0

B° = xta; 0016 0.015 0.015 0.015 0.015 0.015
B° - 7%3 0.14 0.15 —-0.89 —0.52 —0.13 —0.10
B® = 7%, 0.14 015 —-0.89 —0.52 —0.13 —0.10
B® — 7%f} 0.14 0.14 -0.89 —0.52 —0.13 —0.10
B — nad 0.59 0.55 —0.068 —0.087 —0.46 —0.71
B° = nfs 0.59 0.59 —0.068 —0.087 —0.46 —0.71
B° —nfs 0.59 0.55 —0.068 —0.087 —0.46 —0.71
B® — n'ad 0.17 0.20 —0.021 —0.026 0.22 —0.29
B° =0 f 0.17 0.20 —0.021 —0.026 —0.22 —0.29
B =0 f} 0.17 020 —0.021 —0.026 —0.22 —0.29
BY - K°K3° 0 0 0 0 0 0

as discussed in (20). (A little deviation from the exact
equality arises from breaking of isospin symmetry.) We
also see from Table 3 that B(B* — %) is much smaller
than B(BT — 7a9) by an order of magnitude or even
three orders of magnitude depending on the values of the
input parameters, because in factorization the dominant
contribution to the former mode arises from the color-
suppressed tree diagram (Cr), while the dominant one to
the latter mode arises from the color-favored tree diagram
(Tr). Note that in flavor SU(3) symmetry the amplitude
for BT — 7ta9 has the color-favored tree contribution
Tp constructive to the color-suppressed tree contribution
Cr (in addition to small contributions from the penguin
diagrams). (Also recall that the magnitude of T can be
possibly measured by (11).) In case that Tp is not small
compared to Tr, B(BT — 7%g3) can be comparable to
B(B* — wta3). Therefore, measurement of the modes
B — was in future experiments will provide important
information on the above discussion. Some AS = 0 pro-
cesses such as BY — n'ay, B® — n/aY, and B® — 7' f,
have branching ratios of order of 10=7. The branching ra-
tios of the other processes are order of 10~% or less. The
CP asymmetry for BY — n/a] is relatively large (about
20% or larger) with a branching ratio of order of 107
for ¢ = 0.5 and 0.1. The CP asymmetry for B* — naj,
B — nal, nfs can be as large as 71% for £ = 0.5, with
the branching ratios of O(107%).

Tables 5 shows the branching ratios for |[AS| = 1 de-
cay processes. In |AS| = 1 decays, the relevant penguin
diagrams give a dominant contribution to the decay rates.
We see that the branching ratios for |AS| = 1 decays are
in the range between O(10~7) and O(10~1°), similar to
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those for AS = 0 decays. The modes BT — n’K;HO)
have relatively larger branching ratios of O(10~7). In con-

trast, the modes BT(®) — nK;HO) have the very small
branching ratios of O(107?) to O(107!°). Based on flavor
SU(3) symmetry, this fact has been expected by the obser-
vation that the penguin contributions P’ and S’ interfere

constructively for B+(©) — y K, +(O), but destructively for

B 5 ni3 T From (23), we see that P} and S} are
proportional to (a4 — 2a6X,s) and (ag — as), respectively,
in addition to other common factors. Indeed, in the fac-
torization scheme, since (a4 — 2a6X5s) and (a3 — as) have
the same sign (all positive), the combination (2P + 45}.)

appearing in Bt — n’KéhL(O) causes constructive in-

terference, while the combination (—Pf + S/) appear-

ing in BT — nK;Jr(O) causes destructive interference
(see the appendix). Thus the predictions for these de-
cay modes are consistent in both approaches. The modes
Bt — 70K3" and B® — 7°K3° have almost the same
branching ratios of O(1078) in the factorization scheme
(also see the appendix). In flavor SU(3) symmetry, as
shown in Table2, the decay amplitudes for these modes
have contributions from Pj or T%. Thus, as discussed in
the previous section, if Pp or T is not very suppressed
compared to C7., then there would be a sizable discrep-
ancy in B(B* — 7°K;") ~ B(B° — 7°K3°), and in
principle this can be tested in experiment. The terms
— (Tp + Pp + (2/3) P&y p) and Pp — (1/3) Py, p can be
determined by measuring the branching ratios for B% —
7~ Kyt and Bt — 77 K30, respectively. The CP asym-
metries Acp in |AS| = 1 decays are shown in Table6.
The Acp’s in most modes are expected to be quite small.
In BT(0) — nK;HO), Acp can be as large as 92%, but
the corresponding branching ratio is as small as about

0(1079).

5 Conclusion

We have analyzed exclusive charmless decays, B — PT,
in the schemes of both flavor SU(3) symmetry and gener-
alized factorization. Using the flavor SU(3) symmetry, we
have decomposed all the amplitudes for decays B — PT
into linear combinations of the relevant SU(3) amplitudes.
Based on the decomposition, we have shown that certain
decay modes, such as BY — ntal, nt fy and B — 7tay
in AS = 0 decays, and B+© — /K37 in |AS| = 1
decays, are expected to have the largest decay rates, so
these modes can be preferable to find in future experi-
ments. Certain ways to test the validity of the factoriza-
tion scheme have been presented by emphasizing the in-
terplay between both approaches and carefully combining
the predictions from both approaches. In order to bridge
the flavor SU(3) approach and the factorization approach,
we have explicitly presented a set of relations between
a flavor SU(3) amplitude and the corresponding ampli-
tude in factorization in B — PT decays. To calculate the
branching ratios for B — PT decays, we have used the



C.S. Kim et al.: Charmless hadronic decays of B mesons to a pseudoscalar and a tensor meson

691

Table 5. The branching ratios for B — PT decay modes with |AS| = 1. The definitions for the

columns are the same as those in Table 3

Decay mode B(107%) B(107%) B(107%) B(107%) B(107%) B(107%)
BT = KTa) 4.31 5.77 3.81 5.08 3.34 4.43
Bt - Ktf, 4.69 6.27 4.14 5.52 3.63 4.82
BT = KT} 0.044 0.058 3.84 0.051 0.037 0.045
BT — K% 5.08 1.22 6.22 1.97 7.47 2.91
BT —» n°Kt 1.13 1.55 1.09 1.05 1.19 0.75
Bt = nK;* 0.10 0.23 0.035 0.22 0.077 0.31
BT - /K3t 43.09 26.58 44.96 29.98 46.91 33.64
B = K*ay 8.16 10.92 7.21 9.61 6.32 8.39
B - K%) 2.40 0.58 2.94 0.93 3.53 1.38
B = K°f, 2.61 0.63 3.20 1.01 3.84 1.50
B® — K°f} 0.024 0.006 0.030 0.009 0.036 0.014
B® — K30 1.05 1.45 1.02 0.98 1.11 0.70
B° = nK3° 0.095 0.21 0.033 0.21 0.072 0.29
B® - n'K3° 40.14 24.76 41.88 27.93 43.70 31.34

full effective Hamiltonian including all the penguin oper-
ators which are essential to analyze the |AS| = 1 pro-
cesses and to calculate CP asymmetries. We have also
used the non-relativistic quark model proposed by Isgur,
Scora, Grinstein, and Wise to obtain the form factors de-
scribing B — T transitions. As shown in Tables3 and 5,
the branching ratios vary from O(10~7) to O(10719).

Consistent with the prediction from the flavor SU(3)
analysis, the decay modes such as BT — 7nta3, 7t fa,
B° = ntay and BY© — o K37 as well as B* — faf
have branching ratios of order of 10~7. In particular, the
branching ratio for the mode B® — m%a; can be as large
as almost O(107%). We have identified the decay modes
where the C'P asymmetries are expected to be large, such
as B — n'ay, nag, nad, nfa in AS = 0 decays, and
B*(0) — nK;H_(O) in |[AS| = 1 decays. Due to possible
uncertainties in the hadronic form factors of B — PT
and non-factorizaton effects, the predicted branching ra-
tios could be increased. Although experimentally challeng-
ing, the exclusive charmless decays, B — PT, can proba-
bly be carried out in detail in hadronic B experiments such
as BTeV and LHC-B, where more than 10'° B mesons will
be produced per year, as well as at present asymmetric B
factories of Belle and Babar.
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Appendix

In this appendix, we present expressions for all the decay
amplitudes of B — PT modes shown in Tables1 and 2

Table 6. The C' P asymmetries for B — PT decay modes with
|AS| = 1. The definitions for the columns are the same as those
in Table 3

Decay mode Acp Acp  Acp Acp Acp Acp
Bt - KTad —0.11 0.022 —0.11 0.022 —0.11 0.022
Bt - KTf, —012 0.022 —0.11 0.022 —0.11 0.022
BT - Ktf, —0.12 0.022 —-0.11 0.022 —0.11 0.022
BT — K% 0 0 0 0 0 0
BT — K3t 0.006 0.004 —0.001 —0.001 —0.007 —0.010
BT - nK;T 065 039 -021 —0.043 —0.92 —0.31
Bt — K3t 0.005 0.006 —0.001 —0.001 —0.005 —0.005
B - Kta; —0.12 0.022 —0.11 0.022 —0.11 0.022
B® - K% 0 0 0 0 0 0
B 5 K°f, 0 0 0 0 0 0
B° - K°f} 0 0 0 0 0 0
B® — 7°K3° 0.006 0.004 —0.001 —0.001 —0.007 —0.010
B% — nK3° 0.65 0.39 —0.21 —0.043 —0.92 —0.31
B® - ¢'K3°  0.005 0.006 —0.001 —0.001 —0.005 —0.005
as calculated in the factorization scheme. Below we use
FB=T and X, defined in (24) and (25).
(1) B — PT (AS = 0) decays.

A(B* = 1T ah) (30)

GF * v 0
IwaEWP%pBFB_mz (m2)
X AV Vuaar — ViyVialas + ar10 — 2(as + ag) Xau)},
A(B+ — 7T+f2)
'G * v
= 171: cos ngfﬂe#Vp‘épBFBHfZ (m?)

X AV Vuaar — ViyVialas + aro — 2(as + ag) Xaul} ,

(31)
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ABT =t f3) (32)
.Gr . * v
= 171: sin ¢Tfﬂeuyp%pBFB_>f2 (m?)
X {Viy Vuaar — Vi Vialas + a0 — 2(as + ag) Xau)}
A(BT — %) (33)

.Gr , ., +
= 17fw€uVP%PVBFB_m2 (m?)

3
X {VJqudaz —ViiVia [—a4 + =

2
1
+2 <a6 — 2(18) de:| } y

A(BT = nay) (34)
GF 1 Ry
\/‘\[ n uupoB

1
X {VJqudaz —VitVia {03 + a4 —as+ar —ag — 5010

ot

A(BT = na3) (35)
.Gp 1
\/*\/*f?’[ /,ujpoB

1

X {VJbVUdaQ - VtTthd |:4CL3 +aq — 4(15 — 5(17

—|—1 L 2 ! X
5% ~ 5010 a6 — 508 dd| (s

3 1
70194'_7

TRt Ty

a10

FB—m;r (m?])

FB—>a§r (m%,)

A(BT — KK (36)
. GF * v i *
- 7lﬁfKe,uuplépBFBﬁK2 (m%() tb‘/td
« 1 2 1 X
aq 20,10 ag 2a8 ds | »
AB® = ntay) (37)

: G * v a,
= 17gfﬂ'€,uyplépBFB*> 2 (mfr)

X AViy Vuaar — Vi Vialas + a10 — 2(as + ag) Xau)}
A(B® — %)) (38)

Gy
2\/>f7r PP FP 7 (m?)

X {V:bvud(@) = VigVia [CL4 - ;cw + 509 — %aw
—2 (CLG — lag) de] } ,
2
A(B® = 7 fy) (39)
=i cos b el P ()
X {VJqud(_%) — Vi Via [a4 - gay + 59— 510

L <a6 _ ;ag> de} } 7

A(BO — Wofé) (40)
. Gp . . Y o Besfl( 2
=iy SO frepu pp EO T (ml)
X VubV“d(_O‘?) = VipVia |asa — 507 + 5&9 — §a10
1
—2 (a/ﬁ - aS) de:| } R
2
A(B° = nad) (41)
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T V2 Ve
1

* *
X {Vuqudaz — ViyVia [a:s +as—as+a7r —ag— -ap

2
-2 <a6 - ;%) de} } ;

A(B0 — nf2) (42)
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1
X {VJqudUQ — ViyVia {a3 +aq4 —as+ay —ag — ialo

A(BO — nfé) (43)

_17
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.Gr
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1 1
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1 1
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GF 1 . m B
=i———sin e VB (2,
\/52\/5 ¢Tf7] uwPpPB ( 7])

1 1
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X AV Vusar — ViyVaslaa + a1o — 2(ag + asg) Xou]}
AB*Y = KT f,) (49)
= i% cos ¢r ey, Ppp FP 712 (m)

X {VipVusar — Vg Vis[aa + a1o — 2(as + ag) Xsul} s
A(BT = KT f) (50)
= i% sin o [, PP EP 7 (mi)

X AV, Vusar — Vi Vislaa + aro — 2(as + ag) Xoul}
A(BY = K%y) (51)
= i Fuphrty PP () ViV

X [a4 - 1alo —2 <a6 - 1a8> Xsd:| ;

2 2
ABY = n°K;T) (52)
= i%fw6;';ypﬁ§p”BFBHK’;+ (m3)

x [v;bvum ViVis (3a7 = 2a9)] ,

ABT = nK3H) (53)

.Gr ot
% VFB*)KZ (m?’)

1 *
=i —=fe,
\/5\/3]07] “w poB
1
X {VJqus@z — Vi Vis [CL?, — a4 — a5 +ay — ag + -aio

2
1
+ 2 <a6 - 2a8) Xss:| } )

A(BT = ' K3T)
Gr 1 ) VFB*}K;-'—(

= 1—=—F=Jp€
\/§ \/éfn /u/poB

1 1
X {VJqusag — ‘/?l;‘/ts [4@3 + 2a4 — 4as — 50;7 + 5&9

(54)

m%/)

693
1
—app—4 <a6 - 2a8> Xss:| } )
A(B® = Kay) (55)
.G « 5 -
= 1 F P (k)
X {VJqusal - ‘/{Z‘/}S [a4 + aip — 2(0,6 + G’S)Xsu]}7
A(B® — K°aj) (56)
.G . 5 W0 §
= i T P (mi Vi Vi
1 1
X [a4 - 5&10 -2 <a5 — 2a8) Xsd:| ,
AB° = K°f,) (57)
.G . , .
=155 cos b e, pply PP (m3 ) Vi Vi
1 1
X [CL4 — 5&10 -2 (aﬁ — 2a8) Xsd:| ,
AB® — K°f}) (58)
G *
= ITF sin ¢TfK€NVpoBFB_>f2( %()‘/tb‘/;ﬁs
1 1
X [a4 — 5%0~ 2 (aG — 2(18) Xsd} )
A(BO — 7OK30) (59)
5 FreruPpsF B (m2)
3 3
X [VJqus@ ViyVis ( a7 — 2@9)} ,
AB® — nK*O) (60)
G
S L R )
1
x {VJqusag — VieVis {a3 — a4 — a5+ a7 —ag + 5010
1
o))
A(B® — n’K;O) (61)
Gr 0
\f \[fn WPBPBFB%K ( %,)
1 1
X {VJquSGQ - ‘/tz‘/ts |:4CI,3 + 2@4 — 4@5 — 5@7 —+ §a9

1
—ajpp—4 <a6 - 2&8) Xss:| } .

References

1. A.C. Katoch, R.C. Verma, Phys. Rev. D 52, 1717 (1995);
Erratum ibid. 55, 7316 (1997)

2. G. Lépez Castro, J.H. Munoz, Phys. Rev. D 55, 5581
(1997)



694

11.
12.
13.

C.S. Kim et al.: Charmless hadronic decays of B mesons to a pseudoscalar and a tensor meson

J.H. Mufioz, A.A. Rojas, G. Lépez Castro, Phys. Rev. D
59, 077504 (1999)

N. Isgur, D. Scora, B. Grinstein, M.B. Wise, Phys. Rev. D
39, 799 (1989)

Particle Data Group, D.E. Groom et al., Eur. Phys. J. C
15, 1 (2000)

M. Gronau, O.F. Herndndez, D. London, J.L. Rosner,
Phys. Rev. D 50, 4529 (1994)

M. Gronau, O.F. Herndndez, D. London, J.L. Rosner,
Phys. Rev. D 52, 6356 (1995); ibid. 52, 6374 (1995); A.S.
Dighe, M. Gronau, J.L. Rosner, Phys. Lett. B 367, 357
(1996); Erratum ibid. 377, 325 (1996); A.S. Dighe, Phys.
Rev. D 54, 2067 (1996)

A.S. Dighe, M. Gronau, J.L. Rosner, Phys. Rev. D 57,
1783 (1998); C.S. Kim, D. London, T. Yoshikawa, Phys.
Rev. D 57, 4010 (1998); C.S. Kim, talk given at P4-97
(World Scientific, Singapore 1997), hep-ph/9801237
D.-M. Li, H. Yu, Q.-X. Shen, J. Phys. G 27, 807 (2001)

. M. Neubert, B. Stech, in Heavy Flavors, 2nd ed., edited by

A.J. Buras, M. Lindner (World Scientific, Singapore 1998),
hep-ph/9705292

B. Dutta, Sechul Oh, Phys. Rev. D 63, 054016 (2001)

D. Spehler, S.F. Novaes, Phys. Rev. D 44, 3990 (1991)
D. Atwood, A. Soni, Phys. Lett. B 405, 150 (1997); W.-S.
Hou, B. Tseng, Phys. Rev. Lett. 80, 434 (1998); A. Datta,

14.

15.

16.

17.

18.

19.
20.

21.

X.-G. He, S. Pakvasa, Phys. Lett. B 419, 369 (1998); A.L.
Kagan, A.A. Petrov, Report No. UCHEP-27/UMHEP-
443, hep-ph/9707354; H. Fritzsch, Phys. Lett. B 415, 83
(1997)

Sechul Oh, Phys. Rev. D 60, 034006 (1999); M. Gronau,
J.L. Rosner, Phys. Rev. D 61, 073008 (2000)

N.G. Deshpande, B. Dutta, Sechul Oh, Phys. Rev. D 57,
5723 (1998); N.G. Deshpande, B. Dutta, Sechul Oh, Phys.
Lett. B 473, 141 (2000)

A. Ali, G. Kramer, C.-D. Lii, Phys. Rev. D 58, 094009
(1998); Y.-H. Chen, H.-Y. Cheng, B. Tseng, K.-C. Yang,
Phys. Rev. D 60, 094014 (1999)

S. Ryan, Fermilab Conf-99/222-T, hep-ph/9908386

S. Stone, presented at Heavy Flavours 8, Southampton,
UK, July 1999, hep-ph/9910417.

F. Caravaglios et al., LAL 00-04, hep-ph/0002171

N.G. Deshpande, X.-G. He, W.-S. Hou, S. Pakvasa, Phys.
Rev. Lett. 82, 2240 (1999)

X.-G. He, W.-S. Hou, K.-C. Yang, Phys. Rev. Lett. 83,
1100 (1999); W.-S. Hou, J.G. Smith, F. Wirthwein,
NTUHEP-99-25, COLO-HEP-438, LNS-99-290, hep-
ex/9910014

. N.G. Deshpande, X.-G. He, J. Trampetic, Phys. Lett. B

345, 547 (1995)



