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Abstract. In the framework of QCD factorization, we study BT — 7/ K decays. In order to more
reliably determine the phenomenological parameters Xy and Xa arising from end-point divergences in
the hard spectator scattering and weak annihilation contributions, we use the global analysis for twelve
B — PP and V P decay modes, such as B — 7w, K, pm, pK, et cetera, but excluding the modes whose
(dominant) internal quark-level process is b — s3s. Based on the global analysis, we critically investigate
possible magnitudes of Xy, A and find that both large and small Xy, a terms are allowed by the global fit.
In the case of the large Xy a effects, the standard model (SM) prediction of the branching ratios (BRs) for
BtO _, n’KHO) is large and well consistent with the experimental results. In contrast, in the case of the
small Xy A effects, the SM prediction for these BRs is smaller than the experimental data. Motivated by
the recent Belle measurement of sin(2¢1) through B® — ¢K,, if we take into account possible new physics
effects on the quark-level process b — s§s, we can explicitly show that these large BRs can be understood
even in the small Xy A case. Specifically, we present two new physics scenarios: R-parity violating SUSY

and R-parity conserving SUSY.

1 Introduction

From B factory experiments such as Belle and BaBar, co-
pious experimental data on B decays start to provide new
bounds on previously known observables with great pre-
cision as well as an opportunity to see very rare decay
modes for the first time. There exist plenty of experimen-
tal data observed for charmless hadronic decays B — PP
(P denotes a pseudoscalar meson), such as B — 7w, nK,
et cetera, and B — VP (V denotes a vector meson), such
as B — pm, wm, pK, et cetera, which are well under-
stood within the standard model (SM). However, among
the B — PP decay modes, the BR of the decay modes
B0 — o K*0) s found to be still larger than that
expected within the SM. For the last several years the ex-
perimental results of unexpectedly large branching ratios
(BRs) for B — n'K decays have drawn a lot of theoreti-
cal attention. The observed BRs for B¥ — 7/ K* in three
different experiments are [1-3]

B(B* - K*) = (77.97%2%%3) x 1075 [BELLE],
= (76.9+3.5+4.4) x 107° [BABAR],
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o

= (803" £7) x 10°° [CLEO]. (1)

Many theoretical efforts have been made to explain the
large BRs: for instance, approaches using the anomalous
g—g—n' coupling [4-7], high charm content in 7’ [8-10], the
spectator hard scattering mechanism [11,12], flavor U(3)
symmetry [13], the QCD factorization (QCDF) approach
[14], the perturbative QCD (PQCD) approach [15] and
approaches to invoke new physics [16-20].

In earlier works on non-leptonic decays of B mesons,
the factorization approximation, based on the color trans-
parency argument, was usually assumed to estimate the
hadronic matrix elements which are inevitably involved in
theoretical calculations of the decay amplitudes for these
processes. This naive factorization approach ignores the
non-factorizable contributions from the soft interactions
in the initial and final states. In order to compensate
the non-factorizable contributions, the naive factorization
scheme has been generalized by introducing the effective
number of colors N, as a phenomenological parameter. In
this generalized factorization, the renormalization scheme
and scale dependence in the hadronic matrix elements has
been resolved [21].

Theoretically, the QCDF approach has provided a
novel method to study non-leptonic B decays. In this ap-
proach, the naive factorization contributions become the
leading term and as sub-leading contributions, radiative
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corrections from hard gluon exchange can be systemati-
cally calculated by using the perturbative QCD method
in the heavy quark limit, where suppressed power cor-
rections of O(Aqcp/me) are neglected. Since the non-
factorizable contributions in the naive factorization, such
as the contributions from hard scattering with the spec-
tator quark in the B meson and the contributions from
weak annihilation, can be perturbatively computed, the
phenomenological parameter N, used in the generalized
factorization scheme is no longer needed to compensate
the non-factorizable contributions.

However, in reality the b quark is not very heavy so
that the power corrections in 1/my, particularly the chi-
rally enhanced corrections, would not be negligible. The
chirally enhanced corrections come from twist-3 light cone
distribution amplitudes (LCDAs), but unfortunately the
QCDF breaks down at twist-3 level because a logarithmic
divergence appears in the hard spectator scattering at the
end-point of the twist-3 LCDAs. A similar divergence also
appears in the weak annihilation contributions. It is cus-
tomary to phenomenologically treat these two end-point
divergences by introducing model-dependent parameters
[22]: Xy for the hard spectator scattering contributions
and X for the weak annihilation contributions. Thus, it
would be a less reliable case if these non-perturbative con-
tributions of Xy and X s become too large compared with
the leading power radiative corrections. Since the predic-
tion of the BRs for B — PP and B — V P decays strongly
depend on the parameters Xy and Xj, it is essential to
reliably estimate the effects of Xy and Xj4.

In this work we study the decay processes BF() —
7 K*(©) in the QCDF approach. In order to determine the
parameters Xy and X more reliably, we use the global
analysis as used in [23]. However, our global analysis dif-
fers from that used in [23], in the sense that we exclude the
decay modes whose (dominant) internal quark-level pro-
cess is b — s3s: for example, B — ¢K and B — n) M,
where M denotes a light meson, such as K, K*. The rea-
son for excluding such modes is that the recent Belle mea-
surement of the large negative value of sin(2¢1)gx. (é1
is the angle of the unitarity triangle) through the time-
dependent decay process B® — ¢K, shows a possibil-
ity that there may be new physics effects on the quark-
level process b — s8s [24]. Thus, to be conservative, in
our global analysis within the SM, all the decay channels
whose (dominant) quark-level process is b — s3s are ex-
cluded so that parameters Xy and X can be determined
without new physics prejudice when using the global fit.
For the analysis, we will use twelve B — PP and VP
decay modes, including B — nw, 7K, pm, pK, wr, wK.
It turns out that both cases of the large and small Xy A
effects are allowed by the global fit. We will take into ac-
count both possibilities. In particular, motivated by the
recent Belle result on sin(2¢1 )4k, , we will seriously exam-
ine new physics effects on the large BRs for B — 0 K. As
specific examples of new physics models, we will present
both R-parity violating (RPV) supersymmetry (SUSY)
and R-parity conserving (RPC) SUSY scenario.
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We would like to comment on a possible flavor-singlet
contribution to B — n() K decays proposed in [14]. Even
though in principle the flavor-singlet contribution might
give a sizable effect on the BRs of B — () K, the calcula-
tion including only the other contributions, such as weak
annihilation, could already reproduce the experimental re-
sults within large uncertainties as shown in [14]. These
large uncertainties arise mainly from weak annihilation
and the error on the strange quark mass, but the com-
pletely unknown flavor-singlet contribution is also a pri-
mary source of large uncertainties. Thus, we will not take
into account this unknown flavor-singlet contribution in
our analysis. After determining this flavor-singlet effect by
certain methods (for instance, see [25]), one can definitely
further improve the theoretical estimations.

This work is organized as follows. In Sect. 2, we in-
troduce the framework: the effective Hamiltonian for non-
leptonic charmless B decays and the QCDF approach. The
decay amplitudes for B — n()K in the QCDF are pre-
sented in Sect. 3. In Sect. 4, we discuss the global analysis
for B — PP and VP decays and calculate the BRs for
B — n'K decays as well as B — ¢K by using the inputs
determined from the global analysis. We present the re-
sults for both cases of the large and small Xy s effects.
In particular, in the case of the small Xy a effects, two
new physics scenarios (RPV SUSY and RPC SUSY) are
considered. We conclude the analysis in Sect. 5.

2 Framework

The effective Hamiltonian for hadronic charmless B de-
cays can be written as

Gr
Het = —=
-y
10
+ D G (u)ok(m} — ViV [C1y 01, + i, 054 }
k=3

(q = da 5)3 (2)

where the dimension-6 local operators O; are given by

S Vv, [Cl(u)Of(u) T Ca(u)OB ()

p=u,c

+ H.c.

OY = (taba)v-a(dsusg)v—-a,
Of = (€aba)v-a(qscs)v—a,
03 = (uabg)v-a(Gaua)v—-a,
03 = (Cabp)v-a(gsca)v-a,
O3 = (Gaba)v-a Z(@,’@qra)vfm

q/
O = (@pba)v-a Y _(T0dl)v-a,

q

05 = (qaba)VfA Z((ﬂiqzi)VJrAa
q/

O6 = (Gsba)v-a > _(Tadh)va,

q
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3, .
Or = §(Qaba)V—A Z eq (T595)v+a,
q
3, _
Os = i(lIBba)V—A Z eq (Q0dp)v+as
q

3 _ _
09 = §(QO¢ba)V—A g/ €q (ngg)V—Av
q

3 _ _
O10 = g(nga)va Z eq’(q/aq,lé’)V*A7
q/
077 = @mb(jaa“”(l + '75)17 F,u,l/a
g — v
Osg = gamdac™ (1 +75)t6,305 Gy, (3)

where ¢’ denotes all the active quarks at the scale p =
O(my), ie., ¢ = u,d,s,c,b. The operators OF, Ob are
the tree operators, O3_g are the strong penguin opera-
tors, O7_19 are the electroweak penguin operators, and
Or,, Ogq are the magnetic penguin operators. The Wil-
son coefficients (WCs) C;(u) are obtained by running the
renormalization group equations from the weak scale down
to the scale u. We will use the WCs evaluated to the next-
to-leading logarithmic order in the NDR scheme, as given
in [26].

In the QCDF approach, in the heavy quark limit
my >> Aqcp, the hadronic matrix element for B —
M, Ms due to a particular operator O; can be written in
the form

(M1 M3|0;|B) = (M1 M3|0;| B)x

SR ILACSIEN (AgfbD)] @

where (M, M5|O;|B)nr denotes the naive factorization re-
sult. The second and third term in the square bracket rep-
resent the radiative corrections in ag and the power correc-
tions in Aqcp/my. The decay amplitudes for B — My M,
can be expressed as
A(B — MlMg)
=AY (B — M My) + A*(B — M My) , (5)

where

AN(B — M1M2)

=y SV,

puczl

Aa(B — MlMQ)

35 fofut 3 S VaVi b

p=u,c 1=1

a; (M1 M|O;| B)xr

Here A’(B — M;M,) includes vertex corrections, pen-
guin corrections, and hard spectator scattering contribu-
tions which are absorbed into the QCD coefficients a;, and
A*(B — M My;) includes weak annihilation contributions
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which are absorbed into the parameter b;. For the explicit
expressions of a; and b;, we refer to [22,26].

It is well known [22] that both in the hard spectator
scattering and in the annihilation contributions there ap-
pears logarithmic divergence in the end-point region. In
[22], Beneke et al. introduced phenomenological parame-
ters for the end-point divergent integrals:

1
dz i mp

Xua = — =1 ¢n,4) ] 7

HA /O — = (L+puae )nAh , (M

where Xy and X denote the hard spectator scatter-
ing contribution and the annihilation contribution, re-
spectively. Here the phases ¢g a are arbitrary, 0° <
¢u,a < 360°, and the parameter pg o < 1 and the scale
Ap = 0.5GeV assumed phenomenologically [22]. In prin-
ciple, the parameters pg o and ¢ a for B — PP decays
can be different from those for B — V P decays. Thus, for
B — PP and V P decays, from the end-point divergent in-
tegrals, eight new parameters are introduced: pg’lz, £e

H,A
for B — PP, and pHA, qbgi for B — VP.

3 Decay processes BE(®) — () gK+(0)
in the QCDF approach

The decay amplitudes for B~ — ) K~ and B9 — n() K0
in the QCDF are given by

AB~ -y K")
GF B 2 2
= —i—fx Iy (my)(mp —m

\[
X [VupVys(ay +af "+ ajy’ + (ag "+ ag ")Ry)
+ Vo Vi(ag "+ afg + (ag "+ ag ") R1)]

.Gr
FB%K(mnm)( my —mi)

\[
1
x {f#(/) |:VUbVJs <a2 +2a3 — 2a5 — 5(07 — ag)

1
— (ag — 2a§> R3>

1 1
+ Vo V2 (Qag — 2a5 — §(a7 —ag) — (ag - 2a§> R3>:|

727(0)

1

~(a7 —ag — ayo)

+ foo { Vi Vi (a3+a2f—as+2

1
+ (ag - 2ag) R3>
* c 1
+ Va Vi (03 +ay —as + 5(117 —ag — aip)
C 1 C
+ (o= ) m)|}
.Gr u s

- lﬁfoK (fnm + fn’)
X [VibVisb2 + (Vo Vs + Ve Vi) (b3 +057)] (8)
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where the superscript p is v or ¢, and the color factor

N . 1 Cr = (N2 —1)/(2N.) with N. = 3. The vertex pa-
Ve Ves <a3 Tag a5+ §(a7 —ag — ay) rameter V3; and the hard spectator scattering parame-
1 ter H(BM;, M), and the weak annihilation parameters

+ <a6 5 ) R3>}} Al AT are given by [22,26]

1
.G my /

2 u s Vi =12In— — 18 + dz g(x)Pp(2),
i lnlx (i + £ ) M ? [ dr gla)a(a)
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 fefun 1P M P ()
_mQBFOBﬁMl/o d¢ ¢ ,/de(l—x)
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! Dar, (y) 2, (1— ) Phy, (v)
/ody[(ly)jL my (1y)}

. 1'52
A~ Ty [18 (XA —4+ 3> + QTiXi} ,

AT~ 121agr, XA (2X4 — 1), (13)

where g(z) = 3 (1 QI) Inz —3in and pp = 22— (M1

and mo are current quark masses of the valence quarks of
the meson P) and the chirally enhanced factor r, = 27;“’
For the chlrally enhanced parameter r,, we will take

diisa

r 17 =rT 0

X fg X

rl =1y asin [26]. Xp =

logarithmically divergent integral. For the wave function
Pp(§) of the B meson, we take the following parametriza-

tion:
1
/ de Dp(
0

where the parameter Ap is estimated as A\p = (350 £
150) MeV [22]. For the K and 1’ meson, we use the asymp-
totic forms of the LCDAs [22]:

) _ mp

" (14

@K(.CC)
P ()

=&, = 6z(1 — x),
= @g,(m) =1, (15)
where @y/(z) and @4, (z) are the leading twist LCDAs
and twist-3 LCDAs of the meson M = K, 7/, respec-
tively. The explicit expressions of the QCD penguin pa-
rameters PZI\JM and the electroweak penguin parameters
Py can be found in [22,26]. The coefficients a; and
a; in (9) and (10) include the different vertex and hard
spectator scattering contributions: for a;, Vs = V,» and
H(BM;,M3) = H(BK,n'), while for a}, Vay = Vi and
H(BMy,M5) = H(B7',K).

Note that in (13) the hard spectator scattering pa-
rameter H(BM;, M) includes a logarithmically divergent
integral fol dy/(1—y) which arises from the twist-3 contri-
bution, and the weak annihilation parameters A* and A/
include another logarithmically divergent integral X .

For the 77—’ mixing, we use the following relation:

|n) = cos Og|ng) — sinby|no),

') = sinbs|ns) + cos bo[no), (16)
where ng and 7y are the flavor SU(3) octet and single,
respectively. The mixing angles are g ~ —22.2° and 6y =~
—9.1° [27]. The decay constants and form factors relevant

for the B — 1) transitions are given by

fs

[y = —=cosfs — ﬁ sin 6,

V6 V3

fn= 72£ cos fg — ﬁsinﬁo,

V6 V3
fs

[y = —=sinfs + ﬁcosﬁo,

V6 V3
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Fig. 1. Dependence of the BR for BY — 'K+ on ¢5T (solid

line) or ¢f;" (dotted line). Here the following values of the

other parameters are used: pi* = piT = 1 (for both lines),
HP = —23° (for the solid line), ¢5" = 57° (for the dotted
line). The shaded region is allowed by the experimental data

[y = —2f—51n93+ Jo

V6 V3
. sin O

N cos 08)
75 )

4 Global analysis and numerical result

cos By,

cos g

V6

B’ » [ sinfg
Fyi = Fyi (\/6

(17)

In order to calculate the BRs for B decays in the QCDF
approach, various input parameters are needed, such as
the CKM matrix elements, decay constants, transition
form factors, LCDAs, and so on. Among those input pa-
rameters, it is urgently essential to reliably estimate the
annihilation parameter X and the hard spectator scat-
tering parameter Xy: more specifically, pa, ¢a, pu, and
¢u, because the predicted BRs strongly depend on the pa-
rameters X and Xy (see Figs. 1 and 2). Unfortunately,
within the QCDF scheme, X and Xy are purely phe-
nomenological parameters, so there is no definite way to
determine them. Therefore, in order to determine the val-
ues of pa, ¢a, pu, and ¢y more reliably, in this work we
follow the global analysis, used in [23]. For a detailed dis-
cussion of the method of the global fit we refer to [23].
As explained in Sect. 1, different from the global analysis
used in [23], we do not include the decay modes, such as
B — ¢K and B — 7" M (M denotes a light meson: e.g.,
K, K*), whose (dominant) internal quark-level process is
b — s8s. In this way, within the SM, the parameters pa,
oA, pu, ¢u can be determined without new physics prej-
udice when using the global fit. Specifically, we use twelve
decay modes, such as B — nw, 7K, pm, pK, wr, and wK,
as listed in Table 1 [1-3].

In general, the new physics contributions to the b — s
penguin processes can affect the b — suu and b — sdd
processes as well as the b — sss processes. In the R-parity
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Table 1. Experimental data and the “good” fit values of CP-averaged branching ratios (in unit of
107%) for B — PP and VP decays used in our global analysis

Decay mode  Weighted average (Exp.) Fit  Decay mode  Weighted average (Exp.) Fit
Bt > ntx° 5.42 +0.83 485 B s gatg~ 4.55 4+ 0.44 4.75
Bt » ntK° 208+ 1.4 205 B —satK- 18.1+0.8 18.9
Bt 5 n°K+ 12.7£1.1 114 B - 7°K° 11.24+1.4 8.5
Bt — ntp° 8.6 + 2.0 76 B — atpT 22.7+£25 23.5
Bt - wr™ 6.0+£0.9 645 B’ — KTp~ 8.0+1.7 9.5
Bt 5 wK™ 5.64+0.9 5.25 B°— wK° 53+1.5 4.45

violating SUSY case, as we shall see later, one can assume
that the new physics effects appear only on the b — s3s
processes, because the new operators can be chosen to be
relevant only to the b — s5s processes. Thus, in the case of
the R-parity violating SUSY scenario, our strategy of ex-
cluding the b — s5s processes in the global analysis is jus-
tified. On the otherhand, in the R-parity conserving SUSY
scenario, one may need more caution for selecting the rel-
evant processes in the global fit. In order to make sure,
one may need to consider both fits, including and ezclud-
ing the b — sss processes. However, we shall see (Table 2)
that in the case of large X4 and Xy effects, our fit (within
the SM) is already in good agreement with the experimen-

120

100

LI
IS N

Br{ B*>n'K*|x10°
=]
[—}

T

T

(=)
(=) (=]
T

N SRR

0 025 0.5
PP
PaH

Fig. 2. Dependence of the BR for BT — 'K+ on pk?
line) or pf;”

(solid
(dotted line). Here the following values of the other
parameters are used: ¢px7 = —23° and ¢fT = 57° (for both
lines), pii” = 1 (for the solid line), pA* = 1 (for the dotted
line). The shaded region is allowed by the experimental data

tal data including the b — s§s processes, such as the BRs
of B = n'K and B — ¢K modes. Consequently in this
case, there is no room for invoking new physics effects.
However, a large negative value of sin(2¢1)4x, cannot be
obtained. For the case with small X and Xy effects, it
turns out to be almost unlikely to find any acceptable fit
including the b — sSs processes.

First, we examine the dependence of the BR for BT —
n’KT on the effects of X5 and Xy. Figure 1 shows
B(BT — n'K*) versus ¢X (solid line) or ¢HF (dotted
line). In each case, o4 or ¢f;”" varies from 0 to 27|: For
the solid line, other inputs are set as p = pb
o = 23° For the dotted line, pi? = IHD
dRT = 57°. We see that the predlcted BR for B+ —n K“‘
strongly depends on ¢£¥ and ¢f?. In particular, as the
value of X" varies, the predicted BR can change by a
factor of about 2.5 (e.g., from 45 x 1076 to 116 x 107°).
The allowed values of ¢£% are in certain narrow regions
which can be practically found by the global analysis. Sim-
ilarly, Fig. 2 shows B(Bt — 1/ K*) versus pAT (solid line)
or phF (dotted line). In each case, pEf or phf varies
from 0 to 1. The other inputs are taken ¢h¥ = —23°
and ¢f? = 57° for both lines, p5¥ = 1 for the solid line,
and ph¥ = 1 for the dotted line. The predicted BR for
BT — /K™ is also dependent on p4? and pf*, but its
dependence on pf:) is weaker than that on ¢} P . We no-
tice that the prediction of B(BT — 1/ K™) is very sensitive
to the effect of X through ¢&. This feature also holds
for the neutral mode B° — ' K°.

We find that the best fit [and also the “good” fit (see
the discussions below Case 1)] of the global analysis fa-
vors large effects of the parameters X and Xy. This ten-
dency is consistent with the results of other previous works
done in the QCDF scheme [23,28]. But, as mentioned in
Sect. 1, if the non-perturbative effects of X and Xy are

Table 2. Experimental data and the prediction of the branching ratios (in unit of 107%)
for B —+ 7K and B — ¢K decays. Here the inputs for the “good” fit are used. For
comparison, the predicted BRs for three cases are also listed: (i) for Xa = Xu = 0, (ii)

for only X =0, (iii) for only Xg =0

Decay mode Exp. data Prediction Xa =Xu=0 Xa=0only Xu=0only
Bt /Kt 77.6+46 78.5 31.2 53.4 53.5
B 5 n’K°  65.0+6.0 71.6 28.8 59.5 48.7
Bt 5 ¢gK* 93407 8.85 2.31 2.31 8.85
B? - ¢K° 82+1.1 8.01 2.20 2.20 8.01
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too large or dominant compared with the leading power
radiative corrections, the theoretical predictions based on
these effects would be less reliable and become question-
able. Therefore, one can seriously ask the following ques-
tion: Is it possible to find a global fit where the effects of
Xa and Xy are rather small (so the theoretical predic-
tions based on these effects would be more reliable), but
its x? value is still acceptably small? In fact, it turns out
that such an acceptable fit with the small effects of X
and Xy can be found.

For calculation of the BRs for BT(® — 5/ K+ we
take into account two different possibilities as discussed
above: Case 1 with the large X and Xy effects (favored
by the best and “good” fit, but less reliable), Case 2 with
the small X5 and Xy effects (more reliable).

The theoretical input parameters used in our global
analysis are scanned in the following ranges [22]: first,
the CKM parameters (X, A, ¢3, |Vus|) are set to be com-
pletely free because they are fundamental theory param-
eters. (Here A = |V,5| and the parameter A is defined by
AN? = |V3| and ¢3 is the angle of the unitarity triangle.)
For the other parameters,

= (% 2mb) = (2.1-8.4) GeV,

ms = (110 £ 25) MeV,
fz = (180 £ 40) MeV, Ap = (350 £ 150) MeV,
FB™ =028+0.05, R,x =0.9+0.1,

ABP = (.37 £ 0.06, (18)
where Ry = (f-FPE)/(fx FP™). fp is the B meson
decay constant, and F'®™ and APB? are the form factors
for the transition B — m and B — p, respectively. The
scanning ranges of the parameters py A and ¢p A are given
below for each of Case I and II.

Case 1 with the large X 5 and Xy effects

We first try to find the best fit of the global analysis for
the twelve B — PP and VP decay channels shown in
Table 1. Our result shows that based on the theoretical
inputs for the best fit (with x2,;, = 7.5), the predicted
BR for Bt — 'K is consistent with the experimental
data, but the prediction of B(BT — ¢K™T) is too small
compared with the data (for the data, see Table 2), as the
best fit predicted BRs are

B(BY = n/K*) =747 x107°,
B(BT — ¢K™T) =4.02 x 1076, (19)
It happens because the internal interference between dif-
ferent contributions (e.g., contributions from the hard
spectator scattering and weak annihilation) to the decay
amplitude for BT — n/ K is quite different from that for
Bt — ¢K™ (for example, see Table 2). It turns out that
it is possible to obtain successful fits to all B — ' K and
B — ¢K data, if one assumes that there are new physics
effects on the quark-level process b — sss. We will discuss
this possibility later in SUSY scenarios.
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Since the input parameter values for the best fit are
not consistent with the experimental result such as the
BR for B — ¢ K, we investigate another possibility that
there may exist a “good” fit for which the predictions
based on the inputs are consistent with the experimental
measurements including B — #’K and B — ¢K, and
whose X2, value is still quite small. In fact, we find such
a “good” fit with x2. = 8.6 for the twelve decay modes.
Notice that this x2,  value is not much different from that
of the best fit. In Table 1, we list the “good” fit values of
the BRs for the relevant B — PP and V P decay modes.
The corresponding theoretical inputs are given by

A =0.2205, A=0814, ¢3="12°
[Vip| = 3.49 x 1073,
p=21GeV, my(2GeV)=85MeV, fz = 220MeV,
A = 200 MeV,
FBP™ =023, R.x=1, APP =031,
pal =" =" =pu" =1,

W =570, ok =522, off =-23°, on” =180°,
(20)
where the scanning ranges of the parameters pi%’vp and

gbiiivp are 0 < pf:f{’vp <1 and (;SZ%VP set to be free.

Indeed the BRs for Bt(® — p/K+(©) and B0 —
#K 1O calculated by using the above inputs are in good
agreement with the experimental measurements as shown
in Table 2. Therefore, our result shows that the large BRs
for the processes BT(0) — 5/ K+(0) as well as the BRs for
BT — K+ can be consistently understood, based
on the global analysis for B — PP and V P decays, where
the values of the pure phenomenological parameters pf%,
px s oA and ¢ f; are reasonably determined. The BRs
for B*(0) — nK*(©) are estimated as (1 ~ 2) x 10~ which
are also consistent with the data [1-3]: B(BT — nK™) =
(3.7£0.7) x 10~ ¢ and B(B" — nK°) = (2.941.0) x 1076 .

However, we note that the inputs given in (20) provide
large effects of X and Xy: e.g., ph 1 = pX i = 1 [see (7)].
In order to explicitly estimate the effects of X and Xp,
we also examine three interesting cases. In the fourth col-
umn of Table 2, the BRs for B — #'K and B — ¢K
are calculated for X4 = Xy = 0. Similarly, in the fifth
and last column, those BRs are calculated under the as-
sumption of X4 = 0 or Xy = 0, respectively. Note that for
B0 — ¢ K+ modes, all the numbers of Table 2 are ob-
tained for Xy = 0, because of the input value ¢y;¥ = 180°
for the “good” fit as in (20). Thus, just for illustration,
we re-examine the above three cases for BT(0) — ¢K+(0)
modes by setting ¢7 = 150° (i.e., Xy # 0 now). Then
we find that the BRs of BT — ¢K 1) are

(i) 7.81 (7.05) for Xa # Xg # 0,
(ii) 2.31 (2.20) for Xx = Xy = 0,
(iii) 1.96 (1.87) for Xx = 0 only,
(iv) 8.85 (8.01) for Xy = 0 only.

We see that the contributions from the terms involv-
ing Xp and Xy are quite large for both B — n'K and
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B — ¢K decays. In particular, for B(BT() — ¢K+(0)
the contribution of X (i.e., weak annihilation contribu-
tion) dominates over all the other contributions. It is clear
that the internal interference between the effects of X4
and Xy on B — n'K is constructive, while (if there is
any) that on B — ¢K is destructive. It should be stressed
that in this scenario (i.e., with the large effect of Xa i
allowed by the “good” fit), there is no room for invoking
new physics effects on the quark-level process b — sss,
which is implied by the large negative value of sin(2¢1)
recently measured by Belle [24].

Case 2 with the small X, and Xy effects

As already emphasized, if the non-perturbative contribu-
tions of X and Xy are too large, the predictions based
on these contributions become less reliable and suspicious.
However, in Case 1, we noticed that the contribution of
X, is very large, especially for BT — ¢K+(0) modes.
Therefore, it is natural to investigate presumably more re-
liable scenarios, where the effects of X5 and Xy are rather
small or at least not dominant.

Using the global analysis for the twelve decay modes
shown in Table 1, we find such a fit (with x2, = 18.3)
with the (relatively) small X5 and Xy effects. The corre-
sponding theoretical inputs for this fit are as follows:

A=0.2198, A=0.868, ¢3=-86.8°
[Vis| = 3.35 x 1073,
uw=21GeV, ms(2GeV)=_85MeV,

fB = 220MeV,
FB™ =0249, R.x =1, AP? =031,
P =0, pX =05, phf =1, pht =0.746,
XP _ _60, (bVP d)PP _ 1800 (21)
where the scanning ranges of the parameters pPP VE and

set to be free.
nd pA are chosen to be (bgp’vp = 180°,

P =0 and pX¥ = 0.5 in order to find out an acceptable
fit with as small X, Xy effects as possible. Note that
in this case the effect of the weak annihilation parameter
Xy is relatively small (i.e., phT = 0 and pk¥ = 0.5),
and the effect of the hard spectator scattering parameter
Xy is very small, because phf = 1, pif = 0.746, and
¢PP H = 180° so that the terms 1 and pHe‘¢H in Xg
[see (7)] cancel each other.

Based on the above inputs, the BRs for B — n' K and
B — ¢K are predicted to be

¢1;PVP are: 0 < pPPVP <1 and ¢)PPVP

GEPVP o PP,VP
H

BBt = n'K')=51.1x10"°,
B(B® - n'K°) = 46.8 x 107°,
B(Bt = ¢KT) =729 x107°,
B(BY = ¢K°) = 6.65 x 107°. (22)

These BRs are quite small, especially for B — ' K, com-
pared with the experimental data, because of the small
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effects of Xa and Xy as well as the other fitted param-
eters such as ¢3. Since both processes B — n'K and
B — ¢K have the same (dominant) internal quark-level
process b — sss, we take into account the possibility that
there could be new physics effects on the process b — sss:
for instance, as considered in [18,29] in order to explain
the large negative value of sin(2¢1)4x, reported by Belle.
We investigate whether it is possible to understand the
difference between the BRs given in (22) and the experi-
mental data, by invoking new physics.

As specific examples, we consider two new physics sce-
narios: R-parity violating (RPV) SUSY and R-parity con-
serving (RPC) SUSY.

(a) R-parity violating SUSY case

The RPV part of the superpotential of the minimal su-
persymmetric standard model can contain terms of the
form

WRPV - HZL H2 + AZ]’CL L Ek? + )\ ]kL Q]Dk

)\"ijCDCDk , (23)

where E;, U; and D; are respectively the ith type of lepton,

up-quark and down-quark singlet superfields, L; and Q);

are the SU(2)r, doublet lepton and quark superfields, and

H, is the Higgs doublet with the appropriate hypercharge.

For our purpose, we will assume only X -type couplings

to be present. Then, the effective Hamiltonian for charm-
less hadronic B decay can be written as [16],

(b — dydpdy) = d%, [dnavi'dip disvurbel

+ djkn [ no/YLbB dkﬁ’YﬂRdga] )

Hp(b = @yupdy) = uly,, [thatf s dupvurba) - (24)

Here the coefficients d%%

it and uﬂm are defined as

3 I %
dR o Z )\l]k)\ln3
dkn = 8m2

i=1 vir

3 I %
L Aidk)‘

Gin =2

i=1 Vil

(J,k;n=1,2),

3 / %
UR _ )\l]’ﬂ )\lk3
gkn Z 8m?2

i=1 €iL

Gk=1n=2), (25

where a and 3 are color indices and 7§)L = 4" (1x75). The
leading order QCD correction to this operator is given by
a scaling factor f ~ 2 for mz; = 200 GeV. We refer to [16,
17] for the relevant notations.

The RPV SUSY part (relevant to the quark-level pro-
cess b — s8s) of the decay amplitude of B~ — 7K™~ is
given by

ARPV - (d222 d222)

| 2 (az, — An) <a6 tH ag)
n’
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where
2
m:,
m = 7"7’
(mp — my)
AN = fu B (), (27)

"

Here the coefficients a; ' are expressed as

= o |5 - 60

a5 = Ni {1 - CZ:‘S (Vn/ 112+ iz;jH(BK, n’))] ,
do =1+ Zf; [31 % —G‘K(O)] ,

il = Zf;c [; ln% - CA}’K(O)} : (28)

where G (0) = 2 + Zi and Gk (0) = 18 + 24,

It has been noticed [18] that AR is proportional to
(dbo—dRys), while the RPV part of the decay amplitude of
B — ¢K is proportional to (d5y, + d5,). It has been also
pointed out [18] that the opposite relative sign between
d%, and db,, in the modes B — 'K and B — ¢K ap-
pears due to the different parity in the final state mesons
7' and ¢, and this different combination of (dyy — dhys)
and (d%, + d%,) in these modes plays an important role
to explain both the large BRs for B — 1’ K and the large
negative value of sin(2¢1 )4k, at the same time.

We define the new coupling terms dS,, and d5,, as
follows:

d%22 X |>\£32)‘;§2‘ei0L ) dQRQQ X |>\§22)‘233‘ei0R, (29)

where 01, and fr denote new weak phases of the prod-
uct of new couplings NjsoA\i5o and Aoy Ao, respectively,
as defined by Mj30M\5he = [ N30 Nah0 et and Moo \ihs =
|Nso0\ohs]el?®. We find that the experimental measure-
ments of the BRs for Bt — 5/ K+ and B0 —
dK T can be consistently understood for the following
values of the parameters:

[ Niga| = 0.076 , |Nja| = 0.076 , |Njps| = 0.064
O, =132, 0p = —1.29 , msusy = 200GeV. (30)

Our results are summarized in Table 3. In addition to
the parameters given in (30), we also used the additional
strong phase 8’ = 30°, which can arise from the power con-

Aqcp
mp

in (4)] neglected in the QCDF scheme, and whose size
can be in principle comparable to the strong phase aris-
ing from the radiative corrections of O(as). It has been
shown [29] that using ¢’ = 30° together with the parame-
ters given in (30), one can explain the large negative value
of sin(2¢1) sk, as well. Notice that the new coupling terms

tributions of Agep/me [i-e., (9( ) ~ |amplitude|e!’
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Table 3. The branching ratios (in unit of 107%) for B — 'K
and B — ¢K decays calculated in the framework of R-parity
violating SUSY. Here the inputs for the fit with small X, and
Xu are used

Decay mode Prediction  Decay mode Prediction
Bt 5> g/K™ 74.0 B - ' K° 67.7
Bt = ¢oK* 10.2 B% — ¢K° 9.5

d%,, and d%,, are relevant only to the process b — s3s, so
they do not affect other B — PP and V P decays, such as
B — 7, K, pm, pK, et cetera, which are already well
understood within the SM.

In the case of the large X g effects with 2, = 7.5
where the BR of BT — / KT is large, we can use the R-
parity violating SUSY couplings to raise the BR of BT —
#K™T (which is small, 4.02 x 107 to begin with). It is
possible to raise B(B* — ¢K*) to (8-9) x 10~°. However,
in this case, sin (2¢1) 4y cannot be large negative [29].

The RPV terms can arise in the context of SO(10)
models which explain the small neutrino mass and has an
intermediate breaking scale where B — L symmetry gets
broken by (16 + 16) Higgs. These additional Higgs form
operators like 1616,,,16,,16,,/M,; (16,, contains matter
fields) and generate the RPV terms [30].

(b) R-parity conserving SUSY case

As an example of the RPC SUSY case, we will consider the
supergravity (SUGRA) model with the simplest possible
non-universal soft terms which is the simplest extension
of the minimal SUGRA (mSUGRA) model. In this model
the lightest SUSY particle is stable and this particle can
explain the dark matter content of the universe. The re-
cent WMAP result provides us with [31]
Qcpmh? = 0.1126150%, (31)
and we implement a 20 bound in our calculation.
In the SUGRA model, the superpotential and soft
SUSY breaking terms at the grand unified theory (GUT)
scale are given by

W =YYQH,U +YPQH,D +YYLH\E + uH, Ho,
Esoft = _Zm3|¢z|2

1 _
- {2 Y Madada + BuHiHy
[e3
+ (AYQHU + APQH,D + AYLH\E) + H.c.|,(32)

where F, U and D are respectively the lepton, up-quark
and down-quark singlet superfields, L and @ are the
SU(2)1, doublet lepton and quark superfields, and H; o
are the Higgs doublets. ¢; and A\, denote all the scalar
fields and gaugino fields, respectively. In the mSUGRA
model, a universal scalar mass mg, a universal gaugino
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mass my /o, and the universal trilinear coupling A terms
are introduced at the GUT scale:

m? = mg, Me = My )2, AUVPL — A yUPL - (33)
where YU:P:L are the diagonalized 3 x 3 Yukawa matrices.

In this model, there are four free parameters, mq, my s,
Ap, and tan 8 = (H,)/(H;), in addition to the sign of u.
The parameters m 5, pp and A can be complex, and four
phases appear: 05 (from Ag), 6; (from the gaugino mass
my), 03 (from the gaugino mass ms), and 6, (from the p
term).

It has been shown in [32,33] that the mSUGRA model
cannot explain the large negative value of sin(2¢1)sk.,,
because in this model the only source of flavor violation
is in the CKM matrix, which cannot provide a sufficient
amount of flavor violation needed for the b — s transition
in the processes B — ¢K. The minimal extension of the
mSUGRA has been studied to solve the large negative
sin(2¢1)ex, in the context of QCDF [32], or both large
negative sin(2¢1)gx, and large BR of B — n'K in the
context of NF [33].

The minimal extension of the mSUGRA model con-
tains non-universal soft breaking A terms, in addition to
the parameters in the mSUGRA model. In order to en-
hance contributions to the b — s transition, the simplest
choice is to consider only non-zero (2,3) elements in A
terms which enhance the left—right mixing of the second
and third generation. The A terms with only non-zero
(2,3) elements can be expressed as

AUP = AgYUD 4 AAUP (34)

UD _
ij
‘AAZUJ»’D‘ @5 with ’AAZ’D‘ = 0 unless (i,5) =
(2,3)or (3,2). It is obvious that the mSUGRA model is
recovered if AAVP = 0.

For our analysis, we consider all the known experimen-
tal constraints on the parameter space of the model, as in
[32]. Those constraints come from the radiative B decay
process B — Xy (2.2x107% < B(B — X¢y) < 4.5x1074
[34,35]), neutron and electron electric dipole moments
(dn < 6.3 x 10725ecm, d, < 0.21 x 10726e cm [36]), relic
density measurements, K°-K° mixing (AMy = (3.490 &
0.006) x 10712 MeV [36]), LEP bounds on masses of SUSY
particles and the lightest Higgs (my > 114 GeV). From the
experimental constraints, we find that 6; ~ 22°, 03 ~ 30°,
and 0, = —11°. For the phase 04, we set 5 = 7. In gen-
eral, the new physics contribution change the behavior of

where AAYP are 3 x 3 complex matrices and AA
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the annihilation contributions when the relevant Wilson
coefficients are affected. It has been noticed [32] that the
SUSY contribution in our case with non-zero AAy3 terms
mainly affects the Wilson coefficients Cgg(7,) and Cgg(7-)
and these coefficients do not change the SM weak annihi-
lation effects which depend on C5 359 as in (12) (see [26]
for calculational details of the weak annihilation).

In our calculation, we consider the case with non-zero
AAL and non-zero AALD, for tan 8 = 10. All the other
elements in AAYP are set to be zero. We compute the BRs
for B — 'K and B — ¢K in the case of ‘AA2D3| ~ ‘AA?)D2
and ¢ # ¢L, with tan 3 = 10. Table 4 shows the BRs
for Bt — 'K+ and BT — ¢K* calculated for various
values of the parameters my s, [Ao| and [AAZ ., |. For
each my/, and |Ag|, the left column shows the BR for
Bt — 5 K+ and the right column shows the BR for B* —
@K ™. All the predicted BRs in the table are well consistent
with the experimental data. The BR for Bt — nK™ is
estimated as (3.1 ~ 4.4) x 107% which also agrees with
the data. The higher tan 3 values are also allowed, but
the allowed range of m;/, becomes smaller. We satisfy
the relic density constraint using the stau—neutralino co-
annihilation channel [37].

For the numerical calculation, we used the QCD pa-
rameters given in (21) and the additional strong phase
8" = 0. The value of m /, varies from 300 GeV to 600 GeV,
and the value of |Ap| varies from 0 to 800GeV. Even
though the value of mg is not explicitly shown, it is cho-
sen for different m; /5 and Ag such that the relic density
constraint is satisfied, e.g., for my /o = 300 GeV, mq varies
in the range (70-110) GeV. The value of mg increases as

my 2 increases. The value of ‘AAQDS(BQ)‘ increases as m /o

does. The phases ¢ and ¢} are approximately —40° to
—15° and 165° to 180°, respectively. So far we have as-
sumed that AAS; 55 = 0. But if we use AAZ; 3, # 0 and
AAR 3, = 0, the value of sin(2¢)4x, is mostly positive.

In passing, we note that the set of the same parameters
used in our calculation can also produce a large negative
value of sin(2¢1)ex, [29]. As a final comment, we note
that in the case of the large X g effects with x2, =
7.5, it is possible to raise the BR for BT — ¢K ™ to (8-
9) x 1075. However, in that case, the large negative value
of sin(2¢1) ek, cannot be obtained [29].

Table 4. The branching ratios (in units of 107%) for BY — 7/ K+ (left) and Bt — ¢ K+
(right) at tan3 = 10 with non-zero AAZ; and AAZ,. The units for miy2, |Aol, and

|AAL 55)| are in GeV

| Ao| 800 600 400 0 |AAZ 50|
mi =300 79.6 9.9 8.0 92 796 9.1 79.0 8.1 66-74

mi2 =400 782 9.9 8.0 96 790 92 810 85 150-168
mi, =500 848 9.9 8.7 99 8.0 100 77.0 8.1 244-256
mi =600 730 76 710 75 700 75 70.0 7.1 270-304
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5 Conclusion

We investigated the decay processes BT (0 — p/ K+(0) in
the QCDF approach. In order to reliably estimate the
weak annihilation parameter Xa = (14 pae'®s) In"2
and the hard spectator scattering parameter Xy =
(1 + pHei¢H) lnnj—f arising from logarithmic divergences
in the end-point region, we used the global analysis for
twelve B — PP and VP decay modes, such as B —
mm, K, pr, pK, wr, wK. From the global analysis, we
found that both the large effect of Xa u (less reliable)
and the small effect of X4 i (more reliable) are allowed.
For the former case, the parameters py g and ¢ u are
determined to be pk¥ = pj‘gp = phP = ppt = 1,
oRF = 57°, ¢XT = 52°, ¢fP = —23° ¢hP = 180°.
For the latter case, the parameters pp u and ¢ap are
pal =0, px" =05, pif” =1, p" = 0.746, ¢}" =
—6°, ¢pyf = oFP = 180°.

In the case of the large Xy o effects allowed by the
“good” fit (with x2;, = 8.6 for the twelve decay modes),
the BRs for BT — o/ K+©) and BT — ¢K+©) cal-
culated within the SM saturate the large values of the ex-
perimental results measured by Belle, BaBar, and CLEO.
Thus, there is no room for invoking new physics effects on
the quark-level process b — s5s, which are implied by the
large negative value of sin(2¢1)4x, recently reported by
Belle.

In contrast, in the case of the small Xy s effects that
is theoretically more reliable, the SM prediction for these
BRs is smaller than the experimental data. Since both
BT — K+ and Bt — ¢K*+(©) have the same
(dominant) internal process b — s8s, we took into account
possible new physics effects on the b — sss transition, as
in [18,29] for explaining the recent Belle measurement of
sin(2¢1)¢x,. Specifically, we considered two new physics
scenarios: R-parity violating SUSY and R-parity conserv-
ing SUSY. In the RPV SUSY case, the BRs for B+(0) —
7 K+ are predicted as 73.9(67.8) x 10~¢ and the BRs
for BT — ¢ K+ are 10.2(9.5) x 10~ which are consis-
tent with the data. The relevant new couplings are found
to be |Ajqq| = 0.086, |55 = 0.089, |A5q5] = 0.030, 6y, =
0.66, Og = —2.25. As an example of the RPC SUSY case,
we adopted the simplest extension of the mSUGRA model,
which contains only non-zero (2,3) elements in the soft
breaking trilinear coupling A terms, in addition to the
other parameters of the mSUGRA model. Considering all
the known constraints on the relevant parameter space,
we found that for tan g = 10, B(B* — n/K*) = (70.0-
84.8) x 107¢ and B(B* — ¢K*) = (7.1-10.0) x 1075,
which are in good agreement with the experimental data.

Acknowledgements. The work of B.D. was supported by Natu-
ral Sciences and Engineering Research Council of Canada. The
work of C.S.K. was supported in part by Grant No. R02-2003-
000-10050-0 from BRP of the KOSEF and in part by CHEP-
SRC Program. The work of S.O. and G.Z. was supported by
the Japan Society for the Promotion of Science (JSPS).

283

References

1. A. Gordon et al. [Belle Collaboration], Phys. Lett. B 542,
183 (2002); T. Tomura [Belle Collaboration], talk at the
38th Rencontres de Moriond: Electroweak Interactions and
Unified Theories, Les Arcs, France, March 15-22, 2003,
to appear in the proceedings; A. Kuzmin [Belle Collab-
oration|, talk at the 38th Rencontres de Moriond: QCD
and Hadronic Interactions, Les Arcs, France, March 22—
29, 2003, to appear in the proceedings

2. B. Aubert et al. [ BABAR Collaboration], Phys. Rev. Lett.

91, 161801 (2003); hep-ex/0309025; hep-ex/0311016;
M. Pivk [BABAR Collaboration], talk at the 38th Ren-
contres de Moriond: QCD and Hadronic Interactions, Les
Arcs, France, March 22-29, 2003, to appear in the pro-
ceedings

3. D. Cronin-Hennessy et al. [CLEO Collaboration], Phys.
Rev. Lett. 85, 515 (2000); S.J. Richichi et al. [CLEO Col-
laboration], Phys. Rev. Lett. 85, 520 (2000); C.P. Jessop
et al. [CLEO Collaboration], Phys. Rev. Lett. 85, 2881
(2000); R.A. Briere et al. [CLEO Collaboration], Phys.
Rev. Lett. 86, 3718 (2001)

4. D. Atwood, A. Soni, Phys. Lett. B 405, 150 (1997)

A.L. Kagan, A.A. Petrov, hep-ph/9707354

6. M.R. Ahmady, E. Kou, A. Sugamoto, Phys. Rev. D 58,
014015 (1998)

7. For an application of the anomalous g—g-n’ coupling to A,

decays, please refer to M.R. Ahmady, C.S. Kim, S. Oh, C.

Yu, hep-ph/0305031

I. Halperin, A. Zhitnitsky, Phys. Rev. Lett. 80, 438 (1998)

9. A. Ali, J. Chay, C. Greub, P. Ko, Phys. Lett. B 424, 161

o

%

(1998)

10. N.G. Deshpande, B. Dutta, S. Oh, Phys. Rev. D 57, 5723
(1998)

11. D.S. Du, C.S. Kim, Y.D. Yang, Phys. Lett. B 426, 133
(1998)

12. M.-Z. Yang, Y.-D. Yang, Nucl. Phys. B 609, 469 (2001)

13. LK. Fu, X.G. He, Y.K. Hsiao, hep-ph/0304242

14. M. Beneke, M. Neubert, Nucl. Phys. B 651, 225 (2003)

15. E. Kou, A.I. Sanda, Phys. Lett. B 525, 240 (2002)

16. D. Choudhury, B. Dutta, A. Kundu, Phys. Lett. B 456,
185 (1999)

17. B. Dutta, C.S. Kim, S. Oh, Phys. Lett. B 5635, 249 (2002)

18. B. Dutta, C.S. Kim, S. Oh, Phys. Rev. Lett. 90, 011801
(2003)

19. A. Kundu, T. Mitra, hep-ph/0302123

20. Z.-j. Xiao, K.-T. Chao, C.S. Li, Phys. Rev. D 65, 114021
(2002)

21. A. Ali, C. Greub, Phys. Rev. D 57, 2996 (1998); Y.-H.
Chen, H.-Y. Cheng, B. Tseng, K.-C. Yang, Phys. Rev. D
60, 094014 (1999)

22. M. Beneke, G. Buchalla, M. Neubert, C.T. Sachrajda,
Nucl. Phys. B 606, 245 (2001)

23. D. Du, J. Sun, D. Yang, G. Zhu, Phys. Rev. D 67, 014023
(2003)

24. K. Abe et al. [Belle Collaboration], hep-ex/0308035

25. C.S. Kim, S. Oh, C. Yu, Phys. Lett. B 590, 223 (2004)
[hep-ph/0305032]

26. D. Du, H. Gong, J. Sun, D. Yang, G. Zhu, Phys. Rev.
D 65, 074001 (2002); 65, 094025 (2002) [Erratum D 66,
079904 (2002)]

27. T. Feldmann, P. Kroll, B. Stech, Phys. Rev. D 58, 114006
(1998)



28

28

29.
30.
31.
32.

33.

34.

4 B. Dutta et al.: An analysis of B — 7' K decays using a global fit in QCD factorization

. M. Beneke, M. Neubert, Nucl. Phys. B 675, 333 (2003)
B. Dutta, C.S. Kim, S. Oh, G. Zhu, hep-ph/0312389
R.N. Mohapatra, hep-ph/9604414

C.L. Bennett et al., astro-ph/0302207

R. Arnowitt, B. Dutta, B. Hu, Phys. Rev. D 68, 075008
(2003)

S. Khalil, E. Kou, Phys. Rev. D 67, 055009 (2003); hep-
ph/0307024

M.S. Alam et al. [CLEO Collaboration], Phys. Rev. Lett.
74, 2885 (1995)

35.

36.
37.

A.J. Buras, A. Czarnecki, M. Misiak, J. Urban, Nucl. Phys.
B 631, 219 (2002)

K. Hagiwara et al., Phys. Rev. D 66, 010001 (2002)

J.R. Ellis, T. Falk, G. Ganis, K.A. Olive, M. Srednicki,
Phys. Lett. B 510, 236 (2001); R. Arnowitt, B. Dutta,
Y. Santoso, Nucl. Phys. B 606, 59 (2001); M.E. Gomez,
J.D. Vergados, Phys. Lett. B 512, 252 (2001); H. Baer, C.
Balazs, A. Belyaev, J.K. Mizukoshi, X. Tata, Y. Wang,
hep-ph/0210441; A.B. Lahanas, D.V. Nanopoulos, hep-
ph/0303130



