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Critical study of the B — K7 puzzle
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In the light of new experimental results on B — K decays, we critically study the decay processes
B — K in a phenomenological way. Using the quark diagram approach and the currently available data,
we determine the allowed values of the relevant theoretical parameters, corresponding to the electroweak
(EW) penguin, the color-suppressed tree contribution, etc. In order to find the most likely values of the
parameters in a statistically reliable way, we use the x> minimization technique. Our result shows that the
current data for B — K7 decays strongly indicate (large) enhancements of both the EW penguin and the
color-suppressed tree contributions. In particular, the color-suppressed tree effect needs to be enhanced by

about an order of magnitude to fit the present data.
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L. INTRODUCTION

From B factory experiments such as Belle and BABAR, a
tremendous amount of experimental data on B meson
decays are being collected and provide new limits on
previously known observables with great precision as
well as an opportunity to see very rare processes for the
first time. Experimentally plenty of two-body hadronic B
decays have been observed and some of data for these
decay modes, such as B — K, are now quite precise,
which leads to a precision era for the study of two-body
hadronic B decays.

There are four different decay channels (and their anti-
particle decay channels) for B — K processes, depending
on the electric charge configuration: B — K7+, Bt —
K79 BY— K*7~, and B® — K%#9. All the B— K=
modes have already been observed in experiment and their
CP-averaged branching ratios have been measured within
a few percent errors by the BABAR and Belle collabora-
tions [1-7]. The measurements of direct CP asymmetries
for the B — K7 modes had contained large errors so that
the results have not led to any decisive conclusions until
recently [1,8—13]. But, the observations of the direct CP
asymmetry in B — K= 7~ have been recently achieved at
the 5.70 level by BABAR and Belle [10-12]. For the other
B — K modes, the experimental results of the direct CP
asymmetries still include large errors. Certain experimen-
tal data (e.g., the branching ratios (BRs)) for B — K are
currently more precise than the theoretical model predic-
tions based on QCD factorization, perturbative QCD
(pQCD), and so on. Thus, these decay modes can provide
very useful information for improving the model calcula-
tions. Therefore, at the same time, the model-independent
study becomes very important.
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In the light of those new data, including the direct CP
asymmetry in B — K=7*, many works have been re-
cently done to study the implications of the data [14-—
22]. The quark level subprocesses for B — K decays
are b — sqg(q = u, d) penguin processes which are po-
tentially sensitive to any new physics effects beyond the
standard model (SM). Thus, with the currently available
precision data, it is very important to investigate these
modes as generally and critically as possible. In this
work, we critically study the decay processes B — K in
a phenomenological way. In particular, by noticing that the
current data for B — K can be divided into two groups
(relatively precise ones and the other ones), to be conser-
vative, we try to investigate the implications of the current
experimental results systematically in a few steps, as we
shall see later. We are mainly interested in investigating
whether the conventional SM predictions are consistent
with the current data. Furthermore, if there are some
deviations between the conventional estimates and the
experimental results, we intend to carefully identify the
source of the deviations and estimate how large the con-
tribution from the source can be. For this aim, we use the
topological amplitudes in the quark diagram approach and
try to determine the allowed values of the relevant theo-
retical parameters, corresponding to the electroweak (EW)
penguin, the color-suppressed tree contribution, and so on,
by the current data. We should emphasize that the parame-
ter values determined in this way are model-independent.
Then, by comparing our result with the conventional SM
predictions, we shall be able to verify whether the current
data indicate any new physics effects. In order to find the
most likely values of the theoretical parameters in a stati-
cally reliable way, we will adopt the y? analysis. In this
work, we do not consider B — 77 modes simultaneously
with B — K7 modes, though they can be connected to
each other by using flavor SU(3) symmetry. It is because
we do not want that our analysis would be spoiled by the
unknown effects of the flavor SU(3) breaking. Also, as it
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turns out, the data on B — K provide enough information
for the analysis.

The paper is organized as follows. The relevant formulas
for B — K7 modes are presented in Sec. II. In Sec. 111, the
experimental results for B — K are summarized and their
implications are investigated. In Sec. IV, the x? analysis
using B — K7 decays is presented. We conclude the
analysis in Sec. V.

II. THE RELEVANT FORMULAS FOR B — K=
DECAY MODES

In order to specify our notation, let us first summarize
the formulas for the relevant decay amplitudes, BRs, direct
and indirect (mixing-induced) CP asymmetries. The decay
amplitudes for two-body hadronic B decays can be repre-
sented in terms of the basis of topological quark diagram
contributions [23]. The relevant decay amplitudes for B —
K7 can be written as [24]

AO+ = A(B+ — K()7T+) — ;:quSA —+ l*thSIS, (1)
A+O = A(B+ —_ K+7TO) = __[V*bVLlS(T + C + A)
V2
+ V,Vis(P + Pry + Pgy)] @)

AT"T =AB’—> Kt7)
= —[V*meT + thV,\(P + PS¢, 3)

A% = A(B* — K%79)
1 ~ - -
= —E[V:meC - Vt*thS(P - PEW)]: (4)
where V(i =u,t;j=sb) are Cabibbo-Kobayashi-

Maskawa (CKM) matrix elements and the amplitudes 7,
C, A, P, Pgy, and P§,, are defined as

T=T+P,+E,—P.—E, 5)
C=C-P,—E,+P.+E, (6)
A=A+P,+E,—P,—E, (7
ISEP,+E,—PC—EC—%P,§W+§E§W, ®)
PEW EPEW‘*‘EgWr ®)
ngEPgW_ng- (10)

Here T is a color-favored tree amplitude, C is a color-
suppressed tree, A is an annihilation, P;(i = u, ¢, 1) is a
QCD penguin, E; is a penguin exchange, Pgy is a color-
favored EW penguin, PS, is a color-suppressed EW pen-
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guin, ES;, is a color-suppressed EW penguin exchange
diagram.

Since the QCD penguin contribution is dominant in B —
K decays, the decay amplitudes are rewritten as [24]

A = ViV, |P[1 — ryei®ei®], (11)

1 " . . .y
A = — Vi VI P[1 = (rpe'® + rce® + ryei®)eids

V2

+ rEWei‘SEW + rgwei‘SEWC], (12)
AT = |VEV,IP[1 — rret® et + rgwei‘szc], (13)
1 % ~ s oFEW :oC 2
AW = — ﬁl “ Vil P[1 = rpwe’® + ree’® ei®s], (14)

where the ratios of each contribution to the dominant one
are defined as

ru= | V*b VMSA | rr = | V*b VMS Tl
Vi, VisPl” Vi, VisPl” (15)
. |V*hVuSC|
c €
|V[hVIsP|
|PEW| C |ng|
rew = rew = ——="—. 16

Here 6% denotes the relative strong phase between each
amplitude X and the dominant P, and ¢(= 7) is the angle
of the unitarity triangle. We note that there exists a con-
ventional hierarchy among the above ratios:

]>rT~rEW>rC~rgW>rA. (17)

For instance, in the pQCD approach, those ratios are
roughly estimated as [14,25]

rr = 021, rew
S, = 0.01,

~0.14,  re=~0.02

4 = 0.005. (18)
It is also known that within the SM, under flavor SU(3)
symmetry, the relation 87 = 8£% holds to a good approxi-
mation [26], which can be deduced from the fact that the
topology of the color-allowed tree diagram is similar to
that of the EW penguin diagram.

Then the CP-averaged BRs are given by

- - 1
BO+ = fB(Bi N K7Ti) o E[lAO+|2 + |A0—|2]

= V2V PIPIP[1 — 274 cosd” coseps), (19)
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2RO = 2@(Bi — K= 7T0) o [|A+0|2 + |A70|2]
= |V2 Vi PIPIX1 + 2rgy cos8EY + 275, cos6EWC
— 2(rpcosdT + rocosdC + ry cosd?) cosgs
+ 13+ riy + e = 2[rprey cos(8T — §EW)
+ rergw cos(8¢ — 8FW) — rprecos(8T — 89)]

X cos¢s}, (20)

_ _ _ 1
Bt =BMB,— K*7") « §[|A+7|2 + 1A~ 1?]
= V2 Vi l2IPI2[1 = 2r7 cosdT cosps

+ 2r$y, cosSEVE + 2], 21

2B% = 2B(B, — Ka") = [|AV] + |A"P]
= |V7bvts|2|ij|2[1 - erW C055EW
+ 2rccosd€ cospy + 1y + 2]

— 2rgwrecos(8EY — 8€) coss . (22)

Here we neglect the 1> terms which include tiny quantities
r, and rgW. However, because recent studies on two-body
hadronic B decays show that the color-suppressed tree
contribution could be enhanced to a large amount through
certain mechanisms [27-29], we keep the r? terms includ-
ing r¢, in order to take that possibility into account. This
treatment differs from that in Refs. [14,24], where all the 2
terms including r, and r§,, as well as re were simply
neglected. In fact, we shall see that a large enhancement of
the color-suppressed tree contribution is indicated by the
present experimental data for B — K7 modes.

The ratios between the BRs for the B — K7 modes can
be also defined as

Bt
Ry = 70RO+ =1—2rrcosd” cosgps + 17, (23)
2@+0
R. = F0F 1+ 2rgy cos8EY — 2(rp cosdT + rcoss€)
X cosy + 1k + riy + re + 2rprecos(87 — 86)
— 2[rgwrrcos(8EW — 87)
+ rewrecos(8EW — 8§€)]cos s, (24
Bt
R, = 5750 =14 2rgy cos8EY — 2(rycosd” + recosdC)

X cosy + 13 — 1k — 12 + 4rkycos? 8EW
+ 2rpwlre cos(8EY — 8€) — 2rp cos6EY cosd”
— 4rccos8EY cos8C ) cos s

+ 470 c0s8€(rccos8€ + rpcosdT)cos? ¢, (25)
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where 77 (7°) is a life time of B™(B°) and 77/7° =
1.086 = 0.017 [30]. We notice that R; depends only on
rr, 8T, and ¢5. If rp and ¢5 can be determined by other
observations, R; becomes dependent only on 8T which is
the relative strong phase between the effective tree and the
effective strong penguin contribution. Subsequently, using
the experimental value of R, one can determine the value
of 87, as shown in the next section.
The direct CP asymmetries are given by

BB~ — K°77) — B(B* — K'7z")
BB~ — K°77)+ BBt — K°7)
= —2r,sind" sings, (26)

0+ —
Acr =

BB~ — K 7% — B(B" — K" #9)

BB~ — K 7% + B(BT — K™79

= —2[rysind” — rcsind€ — ry sind4

+ rerpw sin(8T + 8EY) + rergy sin(8€ + 6EW)]
X singpz — [2r7r¢sin(87 + 8€) + 12 sin287

+ rZ sin26¢] sin2 ¢, (27)

40 =
Acp=

A+ = BB°— K 77)—BB’— K"77)
P BB - K 7wt)+ BB — K 7))
= —2r;sind” singp3 — 2 sin287 sin2¢3,  (28)

BB — RO#) — B(B’ — KOn)
BB — K70 + BB — K'n)
= 2[resind€ + rpyresin(8EY + §€)]sings,

— rZsin28€ sin2 ;. (29)

00 —
Acp =

Notice that considering the conventional hierarchy given in
(17) and (18), the direct CP asymmetries ﬂlég (27) and
Alp (28) are expected to be almost same including their
signs, because the dominant contribution to them is iden-
tical. However, the current experimental data show that
ALD and A, are quite different from each other and
even have the opposite signs to each other, as shown in
Table 1.

The time-dependent CP asymmetry for B® — K¢ is
defined as

I'(B°(t) = K¢m®) — T'(B°(1) — Kg7°)
I'(B°(t) = K¢m°) + T'(B°(1) — Kg7)
= Sk 0 sin(Amyt) — Cg o cos(Amyt), (30)

./’ZlKSﬂ.o(l) =

where I' denotes the relevant decay rate and Amy is the
mass difference between the two B® mass eigenstates. The
Sk,m0 and Cg oo are CP violating parameters. In the case
that the tree contributions are neglected for B — Ky7°,
the mixing-induced CP violating parameter Sk .o is equal
to sin(2¢ ;) [¢,(= B) is the angle of the unitarity triangle].
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TABLE I. Experimental data on the CP-averaged branching ratios (B in units of 107°), the direct CP asymmetries (A p), and the
mixing-induced CP asymmetry (Sg o) for B— K7 modes. The Sk .o is equal to sin(2¢,) in the case that tree amplitudes are

neglected for B® — K 7% [1-13].

CLEO Belle BaBar Average

B(B* — K°7*) 18.8437+%4 220+19=*1.1 260+ 1.3 = 1.0 24.1+13
B(B* — K*7°) 12.9124+12 12.0 = 1.37}3 120 0.7+ 0.6 121 + 0.8
B(B* — K*7) 18.0723+12 185+ 1.0+0.7 19.2 0.6 = 0.6 18.9 0.7
B(B — K°7) 12.8749+17 11.7 23412 11.4 0.9 + 0.6 1L.5* 1.0
AU +0.18 = 0.24 = 0.02 +0.05 = 0.05 = 0.01 —0.09 = 0.05 = 0.01 —0.02 = 0.04
AL —0.29 = 0.23 = 0.02 +0.04 = 0.04 = 0.02 +0.06 = 0.06 = 0.01 +0.04 = 0.04
Al —0.04 = 0.16 = 0.02 —0.113 = 0.022 = 0.008 —0.133 =+ 0.030 = 0.009 —0.115 = 0.018*
AN, — +0.16 = 0.29 = 0.05 —0.06 = 0.18 = 0.03 +0.001 = 0.155
Sk — +0.30 = 0.59 = 0.11 +0.355039 + 0.04 +0.34 £ 0.29

#This average also includes the CDF result: —0.04 * 0.08 = 0.01.

The expression for Sk .o (up to r? order) is given by

Skymo = sin(2¢)(1 — 2rgsin’h3) + cos(2¢)
X [2rC COSBC Sin(,l’)::, + ZVEWrC COS(5EW + 5C)

X sing3 — rZcos(28) sin(2¢p3)]. 31)

The measured value of Sg .o (Table I) is different from the
well-established value of sin(2¢;) = 0.725 * 0.037 mea-
sured through B — J/¢K™ [1]. It may indicate that the
subleading terms including 7. and rgy in Eq. (31) play an
important role.

III. THE B — K7 PUZZLE AND ITS IMPLICATION

We first summarize the present status of the experimen-
tal results on B — K7 modes in Table I, which includes the
BRs, the direct CP asymmetries (A p), and the mixing-
induced CP asymmetry (S Kmu). We see that the averages
of the current experimental values for the BRs include only
a few percent errors. Furthermore, the direct CP asymme-
try in B — K*7* has been recently observed by the
BaBar and Belle collaborations whose values are in good
agreement with each other (Table I): the world average
value is

& = —0.115 = 0.018. (32)

The direct CP asymmetry data for the other B — K
modes involve large uncertainties. We also present the
values of R;, R., and R, defined in Eqs. (23)—(25), which
are obtained from the experimental results given in Table I:

Ry = 0.82 £ 0.06, (33)
R, =1.00 £ 0.09, (34)
R, =0.82 = 0.08. (35)

It has been also claimed that within the SM, R, — R, =
0 [16,31]. From Egs. (24) and (25), it is indeed clear that

R, = R, if the r* order terms including rgy or rc are
negligible. In other words, any difference between R. and
R, would arise from the contributions from the subdomi-
nant 72 order terms including rgy, or rc. The above experi-
mental data show the pattern R.> R, [16,31], which
would imply the enhancement of the EW penguin and/or
the color-suppressed tree contributions. We will investigate
the implication of the data below.

We remind that assuming the conventional hierarchy as
in Egs. (17) and (18), ﬂ&g is expected to be almost the
same as ﬂlg; :, in particular, they would have the same
sign. However, the data show that A/} differs by 3.50
from A, . This is a very interesting observation with the
new measurements of A, by BaBar and Belle, even
though the measurements of A/Y still include sizable
errors. One may need to explain on the theoretical basis
how this feature can happen.

Based on the current experimental data shown in Table I,
we critically investigate their implications to the under-
lying theory on the B — K processes. There are nine
observables available for the B — K7 modes as shown
in Table I, but if the expectedly very small annihilation
term r, is neglected, the observable ﬂl%} becomes irrele-
vant and only eight observables remain relevant. There are
also eight parameters (|P|, 7, rgw, rc, 87, 8EV, 8€, ¢3)
relevant to the above observables, neglecting the very small
terms including r, and rgw [see Egs. (19)—(29) (29)]. In
our numerical analysis, we take into account the above
eight parameters. [Equivalently, we can use only seven
observables (i.e., three R;,(i = 1, ¢, n) and the CP asym-
metries in Table I), and take into account the seven pa-
rameters (except for |P| among the above eight
parameters).]

We remind that among the data shown in Table I, five of
them, such as the BRs and A gP_ , involve relatively small
uncertainties, but the others still include large errors. Based
on this observation, we consider four different cases as
follows. (i) We first use only the four BRs in our analysis.
(i) Then, the data for A [, are also considered in addition
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to the BRs. Since the observables used in the cases (i) and
(ii) are measured relatively accurately, the result from these
cases would provide more solid implications. (iii) Then, we
also use the data for Sk .o besides those used in the case
(>i1). (iv) Finally we use all the currently available data.

In Fig. 1, we show the excluded region for r- and rgy by
the current data for the cases (i)—(iv). The graph has been
obtained by using the current data given in Table I] as
constraints and directly solving Egs. (19)—(22), (27)—(29)
and (31) for 54° = ¢3 = 67° and 0 = ry = 0.4. [Here we
use the value of ¢3 given by the unitarity triangle fit [32].
In order to study the effect of r; to the result, we vary the
value of ry from 0O to 0.4.] The bold straight (parallel and
vertical) lines denote the conventional values of r- = 0.02
and rgy = 0.14, respectively. The solid, dotted, dashed,
dot-dashed lines, respectively, correspond to each case of
(i)—(@v) in order: i.e., each case of using (i) only 4 BRs,
(ii) 4BRs + Ay, (iii) 4BRs + A + Sk 0, and (iv)
all the available data.

One should keep in mind that in the cases (i)—(iii) only
the “excluded” regions for r- and rgy are meaningful at
1o level in Fig. 1, because in these cases the number of
parameters are larger than that of the relevant equations so
that the other regions (except for the excluded regions) do
not exactly mean the “‘allowed’ regions for r and rgy at
1o level.

The result shows that when the data only for the BRs of
B — K7 modes are taken into account [solid line; case (i)],
the conventional SM predictions of both rgy = 0.14 and

0-4 T T T T N
AN
N\
\
\
|
L I
0.3 |
N~ |
L >~ /
\\ /
~
o /
0.2t ~ /A
N /
Y /
/
\\ /
\\ //
01 .
\\__///
'Excluded Region
O 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
TEVV

FIG. 1 (color online). The excluded region for r¢ and rgy. The
bold straight (parallel and vertical) lines denote the conventional
values of ro = 0.02 and rgy = 0.14, respectively. The solid,
dotted, dashed, dot-dashed lines, respectively, correspond to the
case of using only 4 BRs, 4BRs + A/},, 4BRs + A}, +
Sk a9, and all the available data. Here 54° = ¢3 = 67° and 0 =
rr = 0.4 were used.
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re = 0.02 are not completely excluded by the data. But,
we should add a remark that this fact holds only for r; =
0.4 (which is larger than the conventional SM estimate of
rr = 0.2), because for smaller ry larger values of rgy and
rc are excluded: e.g., for rr = 0.3 or smaller, rgy = 0.14
together with 7 = 0.02 is no more allowed. In other
words, for the conventional value of rp = 0.2, the data
for the BRs indicates that the EW penguin and/or the color-
suppressed tree term need(s) to be enhanced. [This con-
clusion equivalently holds when the data only for R;(i =
1, ¢, n) given in Egs. (33)—(35) are considered.]

When the constraint from the measured A/ is added to
the case (i), the conventional values of rgy and rc are not
allowed at the same time (dotted line). For instance, if
rew = 0.14, then the values of r¢ smaller than 0.07 are
excluded. On the other hand, if r- = 0.02, then the values
of rgw smaller than 0.19 are not allowed by the data. It
would be also possible that both rgy and r. are simulta-
neously enhanced: e.g., rgyy = 0.17 and r- = 0.05 are not
excluded in this case (ii). Thus, we see that even in this
conservative case of considering only 5 (relatively pre-
cisely measured) observables, the data strongly indicate a
sizable enhancement of the EW penguin term rgy or the
color-suppressed tree term r¢, or both of them.

The dashed line shows the result for the case of adding
one more constraint from Sy o to the case (ii). It is
interesting to note that the values of r¢ smaller than 0.08
are completely excluded in this case (iii), independent of
values of rgy.

Finally we consider all the available data for B — K7
modes shown in Table I. In this case, the number of
parameters are the same as that of the relevant equations
so that one can determine the allowed values of the pa-
rameters by solving the equations numerically. In order to
find the allowed region for the parameters, when combin-
ing all the data, we carefully regulate the errors in the data
to be within 1 o in total. The result is represented as the
dot-dashed line [case (iv)]. The allowed values for gy and
rc are limited to a rather small region at 1o level: roughly,
0.24 = rgw = 0.41 and 0.16 = r- = 0.36. Notice that si-
multaneous enhancements of r. and rgy are indicated in
this case. In order to confirm this result in a statistically
more reliable way, we shall use the y> minimization tech-
nique in the next section.

In Fig. 2, we present Ry and A}, as a function of 67. We
remind that both R, and A/, depend only on ry, 87 and
¢5. The left one of the figure shows R, as a function of 67
for ¢35 = 40°, 60°, 80°, respectively, where rr is fixed as
0.2. The allowed regions are 87 = 40° or 87 = 320°. The
possibility of the vanishing 87 is not excluded in this case.
In the right one of the figure, A5, versus 87 is presented
for r,=0.2 and ¢;=40°60° 80°, respectively.
Combining the results from the left and right ones, we
find that the possibility of a large 87 is ruled out and the
favored value of 87 is nonzero and in between 20° and 30°
for r7 = 0.2 and 40° = ¢3 = 80° [14,24].
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FIG. 2 (color online).
regions denote the experimental limits.

IV. THE x> ANALYSIS USING B — K7 DECAYS

In the numerical analysis, we use 8 observables, as
shown in Table I (except A% which becomes irrelevant
if r, is neglected).

Case (a): In this case, we have eight observables as
above and seven parameters (|P|, 77, rgw, rc, 87, 85V, )
so that the degrees of freedom (d.o.f.) for the fit is 1. The
parameter values for the best fit are presented in Table II
for three different values of ¢3 chosen from the unitarity
triangle fit: 3 = 54°, 60°, or 67°. The minimum values of
x* (x2,,) in each case are also shown in the table.

For instance, in the case of ¢; = 60°, we find the best fit
with x2. /d.o.f. = 0.005. The corresponding parameters
are

|P| =1.23 X 107° GeV, rr = 0.25,
(36)
Few = 037, re = 025,
8T=13.0°, 8 =2604°, 6°=197.8°. (37)

Using these parameter values, the observables are pre-
dicted as

BOT =2408x107° B =1210x107%, (38)

BT =1821 X 1079, BY =11.51 X 107%, (39)

A= +0.04,
AD, = —0.007,

+7
Acp =

—0.119,
= +0.33,

(40)
S K, 0

which are in good agreement with the central values of all
the data.

s s s
180 240 300

5T

s s
0 60 120 360

R, and Ag; as a function of 87 for three different values of ¢; = 40°, 60°, 80°, respectively. The shaded

We see that in this case the best fit value of the color-
suppressed tree contribution 7. is comparable to that of the
color-allowed tree contribution r;, and the best fit value of
the EW penguin contribution rgy, is also about 2.6 times
larger than the conventionally estimated one. Table II
shows that as ¢5 increase from 54° to 67°, the best fit
values of r7, rgy and r¢ also increases from 0.20, 0.35 and
0.25 to 0.34, 040 and 0.27, respectively. The best fit
indicates that in comparison to the conventional estimates
within the SM, the color-suppressed tree contribution
should be enhanced by more than an order of magnitude,
and the EW penguin contribution needs to be enhanced up
to a factor of 3.

In Fig. 3, the allowed values of rgy, and r¢ are presented.
The “x”” marks denote the best fit values together with the
corresponding values of rp = 0.20,0.25,0.34 for ¢; =
54°,60°, 67°, respectively. The regions surrounded by
the solid, the dotted, and the dashed lines represent the
allowed values of rpy and ro at lo level for ¢; =
54°,60°, 67°, respectively. It is obvious that the smallest
allowed value of rq at 1 o level is at least 7 times larger
than the conventional value ( = 0.02), and the allowed
value of rgy is also larger than its conventional SM esti-
mate (= 0.14): rpy >021 for 54° = ¢p; = 67°.
Therefore, the current experimental results for B — K
decays strongly imply (large) enhancements of both the
EW penguin and the color-suppressed tree contributions.

Case (b): Now we use all the eight parameters including
¢5 together with the same eight observables as before. In
this case, the ¢5 varies from 54° to 67°, which are chosen
from the unitarity triangle fit. The result at 1 o level is
shown in Fig. 4. We note that this result confirms that of the
case (iv) (the dot-dashed line) shown in Fig. 1. The best fit

TABLE II.  The theoretical parameter values for the best fit in Case (a).
¢y IPl(n 1076 GeV)  rp  rgw  re ST SEW 8¢ Xaw/do.f.
54° 1.23 020 035 025 17.9° 2549° 195.1° 0.01
60° 1.23 025 037 025 13.0° 260.4° 197.8° 0.005
67° 1.22 0.34 040 0.27 8.6° 256.6°  202.2° 0.45
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0.4

03

0.2 -

FIG. 3 (color online). Case (a): the allowed values of rgy and
rc by the current data for B— K. The x marks denote the best
fit values together with the corresponding values of r; for ¢p5 =
54°,60°, 67°, respectively. The regions surrounded by the solid,
the dotted, and the dashed lines represent the allowed values of
rgw and r¢ at 1o level for ¢p3 = 54°,60°, 67°, respectively.

0.4 . .
03F |
X
(1 03) = (0.22,57.9°)
02t |
01F )
% 0.1 0.2 0.3 0.4 05

rEW
FIG. 4 (color online). Case (b): the allowed values of rgy and
rc by the current data for B — K. Here all the eight parame-
ters, including ¢, are varied. The x mark denotes the best fit
value where rr = 0.22 and ¢; = 57.9°.
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values are
|P| = 1.23 X 107° GeV, rr = 0.22,
(41)
Yew = 036, re = 025,
8T =14.8°, 8EW = 258.5°,
(42)
8¢ =196.7°, ¢3 = 57.9°.

The conclusion claimed in the case (a) holds in this case as
well. That is, the present experimental results for B — K
decays strongly indicate simultaneous (large) enhance-
ments of the EW penguin and the color-suppressed tree
contributions.

Finally we would like to make a comment on sensitivity
between the parameter r¢ and the observable Sy .o. As
implied in Eq. (31), the theoretical prediction of Sk .o can
be sensitive to the parameter r. For illustration, in the left
one of Fig. 5, we show the allowed values of rgy and r at
1 o level by the current data for B — K, when the value
of Sk .o changes, keeping the values of the other observ-
ables fixed as in Table 1. We first vary Sg .o around the
present experimental value: specifically, Sk .o is assumed
to be (0.20 = 0.04), (0.34 = 0.068), (0.50 = 0.10), (0.60 =
0.12), respectively. Here just for the illustrative purpose,
we set 20% errors in each case. (Also, to be consistent, we
set 20% errors to all the data whose current errors are larger
than 20%, such as A/,.) It is clear that as S Kk, varies, the
allowed region for r varies sensitively: as Sg .o increases,
the allowed value of r- decreases. In contrast, rgy is not
sensitive to the change of S 0. Just for comparison, in the
right one of Fig. 5, we also present the case that the value of
A/ changes, keeping the values of the other ones fixed as
in Table 1. Again for the illustrative purpose, Agg is
assumed to be (4+0.040(—0.040) = 0.008),
(0.060(—0.060) = 0.012), respectively. (To be consistent,
we also set 20% errors to all the data whose current errors
are larger than 20%, such as Sk o and A¢p.) In contrast to

0.4

0.4
— Ske0=0.2 —— Ah=+0.06
rrrrrrrrrrr S Kgn0 = 0.34 e A= +0.04
03 Skgr0=10.5 d 03 AEp=—0.04
—7 SKsa0=0.6 —-— Atb=-0.06
S 02 S o2t
o7 —= \>\\
s N
01 / 7 01
< g
\ /
. -
\‘\ »/’
0 . RS bt 0 I
0 0.1 0.2 0.3 0.4 05 0 0.1 0.2 0.3 0.4 0.5

FIG. 5 (color online).

EW

Iustration of the allowed values of rgy and r¢ at 1o level by the current data for B — K, for a given Sg o

(left figure) or ASD (right figure). In the left figure, S k.70 1s assumed to be 0.20, 0.34, 0.50, 0.60, respectively, (plus 20% error in each
case). In the right one, Agg is assumed to be *0.040, =0.060, respectively, (plus 20% error in each case).
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the case of the left figure, both rgy and ¢ are insensitive to
the change of A/D.

V. CONCLUSION

We have studied the decay processes B— K in a
phenomenological way. Using the currently available ex-
perimental data for all the B — K7 modes, we have de-
termined the allowed values of the relevant theoretical
parameters, such as |P|, 7, rew, re, 87, 8EW, 8€, 5. In
order to find the most likely values of the parameters in a
statically reliable way, we used the y? analysis.

Our result shows that the current data for B — K7
decays strongly indicate (large) enhancements of both the
EW penguin and the color-suppressed tree contributions:
e.g.,roughly, 0.21 = rgy = 0.49and 0.15 = ro = 0.43 at
lo level. The best fit values are rgy = 0.36 and ro =
0.25. The favored values of rgy and rc are larger than
the SM estimates (rgy = 0.14 and r- = 0.02) by about a
factor of 2.5 and 12, respectively.

PHYSICAL REVIEW D 72, 074005 (2005)

It should be noted that in the case of using only the BRs
(i.e., not including CP asymmetries), the conventional
values of rgy and ro may not be completely excluded, if
the large value of ry (e.g., r7 = 0.4) is assumed.
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