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We present a systematic method to extract each Standard Model (SM)-like hadronic parameter as well as
new physics parameters in analytic way for B → Kπ decays. Using the analytic method to the currently
available experimental data, we find two possible solutions physically equivalent: one showing the large
SM-like color-suppressed tree contribution and the other showing the large SM-like electroweak penguin
contribution. The magnitude of new physics (NP) amplitude and its weak phase are quite large. For
instance, we find |P NP/P | = 0.39 ± 0.13, φNP = 91◦ ± 15◦ and δNP = 8◦ ± 27◦, which are the ratio of
the NP to the SM penguin contribution, the weak and the relative strong phase of the NP amplitude,
respectively.

© 2008 Elsevier B.V. Open access under CC BY license.
1. Introduction

Brilliant progress of the B factory experiments sheds light on
the study of rare B decays, which are crucial for testing the Stan-
dard Model (SM) and detecting any hints beyond the SM. Espe-
cially, B → Kπ decays are of great importance not only for investi-
gating new physics (NP) due to the property of penguin dominance
but also examining one of angles of Cabibbo–Kobayashi–Maskawa
(CKM) unitarity triangle [1–3]. Many elaborate theoretical calcula-
tions based on QCDF [4], PQCD [5,6] and SCET [7] have been done
for physical observables within the SM. But, some experimental
data have shown considerable discrepancy from the theoretical es-
timation, inspiring searching NP in B → Kπ decays.

The ratios

Rc ≡ 2
B(B+ → K +π0)

B(B+ → K 0π+)
and

Rn ≡ 1

2

B(B0 → K +π−)

B(B0 → K 0π0)
(1)

are expected to satisfy Rc ≈ Rn within the SM [3]. Before ICHEP-
2006, those experimental values had shown a significant discrep-
ancy, but as time passes they were getting closer to each other [8].
Current data updated by March 2007 in HFAG [9] show Rc =
1.12 ± 0.07 and Rn = 0.98 ± 0.08, which are consistent with the
SM expectation. On the other hand, the CP asymmetry measure-
ments still show a disagreement with the SM prediction. The SM
naively expects ACP(B0 → K +π−) ≈ACP(B+ → K +π0) for the di-
rect CP asymmetry and (sin 2β)K S π0 ≈ (sin 2β)cc̄s = 0.68 for the
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mixing-induced CP asymmetry. But the current experimental data
show

ACP
(

B+ → K +π0) −ACP
(

B0 → K +π−) = 0.15 ± 0.03, (2)

(sin 2β)K S π0 − (sin 2β)cc̄s = −0.30 ± 0.19. (3)

The recent PQCD result for the difference of the above direct
CP asymmetries is 0.08 ± 0.09, which is actually consistent with
the data. However, the PQCD prediction ACP(B+ → K +π0)PQCD =
−0.01+0.03

−0.05 still has 1.5σ difference from the current experimental
data ACP(B+ → K +π0)EXP = 0.050 ± 0.025. Moreover, the differ-
ence of the mixing-induced CP asymmetry from the PQCD predic-
tion is 0.065 ± 0.04, which shows about 2σ off the data.

Searching for NP via the electroweak penguin (EWP) pro-
cesses in the B → Kπ decays has drawn lots of attention for a
long time, especially based on various specific NP scenarios such
as SUSY models [10], flavor-changing Z ′ models [11], four gen-
eration models [12], and so on. On the other hand, numerous
model-independent attempts have been also made in search of
NP within the quark diagram approach [13–18]. According to re-
parametrization invariance (RI) which was recently proposed in
Refs. [19,20], any NP contribution can be absorbed into the SM
amplitudes always in pair: for example, both the color-suppressed
tree and the EWP amplitude. Thus, we would like to point out that
the large enhancement of the color-suppressed tree amplitude and
the EWP amplitude can be simultaneously understood by the sin-
gle NP contribution with a non-zero NP weak phase within the
model-independent analysis.

Our main goal in this work is to propose a systematic method
for extracting each hadronic parameters in the presence of the sin-
gle NP contribution under the consideration of RI. It will be shown
that the parametrization with the additional NP contribution can
be modified into the same form of the parametrization of the SM.
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The complete analytic solution for each hadronic parameters in
this SM-like parametrization will be given in terms of the exper-
imental data, and also their numerical values. Therefore, once the
experimental data are given, one can pinpoint the hadronic pa-
rameters and will be able to directly compare to the theoretical
estimations. For the extraction of NP parameters, the additional
theoretical inputs are needed. To this end, we adopt two differ-
ent schemes, one is flavor SU(3) symmetry and the other is PQCD
prediction. It is discussed that how this NP contribution depends
on the weak phase γ .

2. Parametrization and reparametrization invariance

In the quark diagram approach [21,22], the decay amplitudes of
four B → Kπ modes are described as

A
(

B+ → K 0π+) =P +A, (4)

A
(

B0 → K +π−) = −P −PC
EW − T , (5)√

2A
(

B+ → K +π0) = −P −PEW −PC
EW − T − C −A, (6)√

2A
(

B0 → K 0π0) =P −PEW − C, (7)

under the redefinition of

P + EP − 1

3
PC

EW − 1

3
EPC

EW →P, (8)

A+ EPC
EW →A. (9)

Each topological parameter represents strong penguin (P), electro-
weak penguin (PEW), exchange penguin (EP), tree (T ), color-
suppressed tree (C) and annihilation (A) topologies, respectively.
The superscript C on the penguin parameters denotes a color-
suppressed process. It is understood that each parameter includes
both the weak phase and the strong phase in it. Each penguin pa-
rameters are involved in three terms associated with the internal
quark exchanges. They can be manipulated by

P ≡ V ∗
tb VtsP̃tc + V ∗

ub V usP̃uc ≡Ptc +Puc

using unitarity of the CKM matrix. Note that the CKM factors rel-
evant to each parameter are V ∗

tb Vts for the Ptc,PEW,PC
EW and

V ∗
ub V us for the T ,C,A, Puc . The relative sizes among these pa-

rameters are roughly estimated within the SM [22] as

1: |Ptc|,
O(λ): |T |, |PEW|,
O

(
λ2): |C|, ∣∣PC

EW

∣∣,
O

(
λ3): |A|, (10)

where λ ∼ 0.2 from the Wolfenstein parametrization [23]. For the
relative size of |Puc|, one can roughly estimate that∣∣∣∣Puc

Ptc

∣∣∣∣ =
∣∣∣∣ V ∗

ub V usP̃uc

V ∗
tb VtsP̃tc

∣∣∣∣ ∼ λ2
∣∣∣∣ P̃uc

P̃tc

∣∣∣∣. (11)

Note that P̃u and P̃c are smaller than P̃t [24], and more precisely
it can be estimated that 0.2 < |P̃uc/P̃tc | < 0.4 within the perturba-
tive calculation [25]. Therefore, we assume |Puc/Ptc | ∼ O(λ3) for
our analysis. It has been generally argued that the NP effects, if
present, are the size of the EWP amplitude or smaller in B → Kπ
decays. Thus we neglect all the minor contributions smaller than
|C|, such as A and Puc , for simplicity. (We also neglect PC

EW, since
the |PC

EW| is expected to be smaller than |C| [14,16].) Therefore,
in our analysis the limit of NP sensitivity would be the order of
|C|(∼ λ2Ptc) at most.

Explicitly showing the weak phase γ and the strong phases δ,
the decay amplitudes can be rewritten as
A
(

B+ → K 0π+) = −P , (12)

A
(

B0 → K +π−) = P
(
1 − rT eiγ eiδT

)
, (13)√

2A
(

B+ → K +π0)
= P

(
1 − rT eiγ eiδT − rC eiγ eiδC + rEWeiδEW

)
, (14)√

2A
(

B0 → K 0π0) = P
(−1 − rC eiγ eiδC + rEWeiδEW

)
, (15)

where P ≡ |Ptc|, rT ≡ |T /Ptc |, rC ≡ |C/Ptc|, rEW ≡ |PEW/Ptc|,
which are defined to be positive. We set the strong phase of the
penguin contribution P to be zero so that all the other strong
phases are relative to it. It is also used that V ∗

tb Vts = −|V ∗
tb Vts|. We

assume that the weak phase γ can be measured from elsewhere.
Then the number of unknown parameters in the above decay am-
plitudes is 7 (P , rT , rC , rEW, δT , δC , δEW) within the SM. We again
emphasize that this approximated parametrization is the most ef-
ficient way to probe new physics up to the order of |C|.

Now we introduce a single NP contribution coming through the
EWP (or the color suppressed tree) contribution such as

P N eiφN
eiδN

, (16)

where P N is defined to be positive, and φN and δN are weak and
strong phase of the NP term, respectively. Then the two decay am-
plitudes in Eqs. (14) and (15) are modified by simply adding the
NP term in the EWP contribution:
√

2A
(

B+ → K +π0)
= P

(
1 − rT eiγ eiδT − rC eiγ eiδC + rEWeiδEW + rN eiφN

eiδN )
, (17)√

2A
(

B0 → K 0π0)
= P

(−1 − rC eiγ eiδC + rEWeiδEW + rN eiφN
eiδN )

, (18)

where rN ≡ P N/P . It has been introduced that any single decay
amplitude can be separated into two decay amplitudes which have
arbitrary weak phases θ and η, respectively, unless θ and η are
equal or modulo π [19]. Since any physical results should not be
changed, it is called reparametrization invariance (RI). More explic-
itly, any phase term eiφ can be separated as

eiφ = sin(φ − η)

sin(θ − η)
eiθ − sin(φ − θ)

sin(θ − η)
eiη, (19)

where the phases θ and η are arbitrarily chosen, satisfying θ −η 
=
0 (modπ). This is a simple algebraic identity. Due to this identity,
the NP amplitude can be re-expressed as

rN eiφN
eiδN = rN sin φN

sinγ
eiγ eiδN − rN sin(φN − γ )

sinγ
eiδN

. (20)

Here, the weak phases γ and 0 are chosen in order to match
with the weak phases of the color-suppressed tree and EWP ampli-
tudes. Then those two terms can be absorbed into the parameters
of the color-suppressed tree and EWP leading to the following
parametrization
√

2A
(

B+ → K +π0)
= P

(
1 − rT eiγ eiδT − rM

C eiγ eiδM
C + rM

EWeiδM
EW

)
, (21)√

2A
(

B0 → K 0π0)
= P

(−1 − rM
C eiγ eiδM

C + rM
EWeiδM

EW
)
, (22)

which have the same form of the SM parametrization with the
following modified parameters

rM
C eiδM

C ≡ rC eiδC − rN sin φN

sinγ
eiδN

, (23)

rM
EWeiδM

EW ≡ rEWeiδEW − rN sin(φN − γ )

sinγ
eiδN

. (24)
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The NP amplitude is now absorbed into the SM parameters of the
color-suppressed tree and EWP. Therefore, color-suppressed tree
amplitude in these SM-like parametrization can be affected by the
NP contribution of EWP unless φN = 0 as shown in Eq. (23).

3. Analytic solutions for the SM-like parameters

In this section, we present the analytic solutions for the SM-like
parameters [26]. For the first step, we rewrite Eqs. (12), (13), (21),
and (22) as

A0+eiα0+ ≡ A0+eiπ = −P , (25)

A+−eiα+− = P
(
1 − rT eiγ eiδT

)
, (26)

√
2A+0eiα+0 = P

(
1 − rT eiγ eiδT − rM

C eiγ eiδM
C + rM

EWeiδM
EW

)
, (27)

√
2A00eiα00 = P

(−1 − rM
C eiγ eiδM

C + rM
EWeiδM

EW
)
, (28)

where Aij denote magnitudes of the decay amplitudes of B →
K iπ j and αi j represent their complex phases (i j = {0+,+−,+0,

00}). We put a bar on top of the amplitude parameters in case
of the CP conjugate modes. It should be noted that these SM-like
parametrization is including the NP contribution, namely the one
coming into EWP sector, via RI. Table 1 shows current experimental
data for the B → Kπ decays [27,28]. We use the notation for the
branching ratios and CP asymmetries compatible with HFAG [9]:

Bi j ∝ τB(+,0)

Aij2 + Āi j2

2
, (29)

Ai j
CP ≡ − Aij2 − Āi j2

Aij2 + Āi j2 , (30)

S f ≡ η f
2 Im λ f

1 + |λ f |2 , (31)

where τB(+,0) is the life time of a B(+,0) meson. The λ f is defined
by λ f = e−2iβ Ā/A and η f is the CP eigenvalue of the final state f .
We also use the following numerical values from PDG [29]:

sin 2β = 0.687, γ = 63◦, τB+

τB0
= 1.071. (32)

The number of parameters is 7 (P , rT , rM
C , rM

EW, δT , δM
C , δM

EW),
while 9 observables are available in B → Kπ decays. Since A0+

CP
automatically vanishes in our parametrization, we discard the data.
Setting aside the mixing induced CP asymmetry data S K Sπ0 , we
use the remaining 7 experimental data in order to determine the 7
parameters. From Eq. (25) we easily get the solution for P in terms
of the observable by taking into account the phase space factor:

P = A0+ = (49.9 ± 1.1) eV. (33)

Combining Eqs. (25) and (26), one finds [16] that
R = 1 + r2
T − 2rT cos δT cosγ , (34)

−A+−
CP R = 2rT sin δT sinγ , (35)

where R is given [2] by

R ≡ B+−

B0+
τB+

τB0
= 0.90 ± 0.05. (36)

The analytic solutions for δT and rT are obtained in terms of the
observables from the above equations are

cot δT = sin 2γ

(−A+−
CP )R

×
[

1 ±
√

1 + 1

cos2 γ

(
R − 1 −

(−A+−
CP R

2 sinγ

)2)]
, (37)

rT =
√

R
(
1 −A+−

CP cotγ cot δT
) − 1. (38)

Using the experimental data given in Table 1, we obtain nu-
merical values of rT and δT . As shown in Fig. 1, the following two
solutions are found:

rT = 0.14 ± 0.07, δT = 20◦ ± 12◦, or (39)

rT = 0.78 ± 0.07, δT = 3.6◦ ± 0.5◦. (40)

Fig. 1. Contour plot corresponding to the 1σ range of R and A+−
CP in Eqs. (34) and

(35) in the rT –δT plane. The solid lines are from Eq. (34) and the dashed lines are
from Eq. (35). The two intersection regions show the two different solutions for rT

and δT . The two solutions are marked with error bars.
Table 1
Current experimental data for B → Kπ . The branching ratios are in 10−6. The average values are given by HFAG, updated by September 2007 [9]

Measurement BaBar Belle CLEO Average

B(K 0π+) 23.9 ± 1.1 ± 1.0 22.8+0.8
−0.7 ± 1.3 18.8+3.7+2.1

−3.3−1.8 23.1 ± 1.0

B(K +π0) 13.6 ± 0.6 ± 0.7 12.4 ± 0.5 ± 0.6 12.9+2.4+1.2
−2.2−1.1 12.9 ± 0.6

B(K +π−) 19.1 ± 0.6 ± 0.6 19.9 ± 0.4 ± 0.8 18.0+2.3+1.2
−2.1−0.9 19.4 ± 0.6

B(K 0π0) 10.3 ± 0.7 ± 0.6 9.2 ± 0.7+0.6
−0.7 12.8+4.0+1.7

−3.3−1.4 9.9 ± 0.6

ACP(K 0π+) −0.029 ± 0.039 ± 0.010 0.03 ± 0.03 ± 0.01 0.18 ± 0.24 ± 0.02 0.009 ± 0.025

ACP(K +π0) 0.030 ± 0.039 ± 0.010 0.07 ± 0.03 ± 0.01 −0.29 ± 0.23 ± 0.02 0.050 ± 0.025

ACP(K +π−) −0.107 ± 0.018+0.007
−0.004 −0.093 ± 0.018 ± 0.008 −0.04 ± 0.16 ± 0.02 −0.097 ± 0.012a

ACP(K 0π0) −0.24 ± 0.15 ± 0.03 −0.05 ± 0.14 ± 0.05 −0.14 ± 0.11

S K S π0 0.40 ± 0.23 ± 0.03 0.33 ± 0.35 ± 0.08 0.38 ± 0.19

a This average also includes the CDF result: −0.086 ± 0.023 ± 0.009.
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Since the second value of rT is unreasonably larger than the SM
expectation, which is around 0.15, we safely choose the first one
as our solution.

The next step is to determine α00 and ᾱ00 in terms of the ex-
perimental data. After subtracting Eq. (28) from Eq. (27) and also
considering their CP conjugate modes, we get the following equa-
tions:

√
2
(

A+0eiα+0 − A00eiα00) = P xeiζ , (41)
√

2
(

Ā+0eiᾱ+0 − Ā00eiᾱ00) = P x̄eiζ̄ , (42)

where

xeiζ ≡ 2 − rT eiγ eiδT , (43)

x̄eiζ̄ ≡ 2 − rT e−iγ eiδT . (44)

It is easy to find α00 and ᾱ00 from these equations:

α00 = ζ ± ArcCos

(
2A+02 − 2A002 − P 2x2

2
√

2A00 P x

)
, (45)

ᾱ00 = ζ̄ ± ArcCos

(
2 Ā+02 − 2 Ā002 − P 2 x̄2

2
√

2 Ā00 P x̄

)
. (46)

There occurs a two-fold ambiguity for α00 and also for ᾱ00. We
call them [α00

(1)
, α00

(2)
] and [ᾱ00

(1)
, ᾱ00

(2)
], respectively. Consequently,

the solution for α00 and ᾱ00 has a four-fold ambiguity in total due
to their combinations. For convenience, we represent each case as
Cases 1, 2, 3, and 4, respectively, corresponding to the combina-
tions of (α00

(1), ᾱ
00
(1)), (α00

(1), ᾱ
00
(2)), (α00

(2), ᾱ
00
(1)), and (α00

(2), ᾱ
00
(2)). How-

ever, in reality for any given α00
(1,2) (or ᾱ00

(1,2)), there exist only two

possible cases: for instance, for given α00
(1) , only Cases 1 and 2 are

possible solutions which indicates a two-fold ambiguity.
It is instructive to represent the phases α00 and ᾱ00 geometri-

cally as in Fig. 2. The figure shows the famous isospin quadrangle
in a complex plane depicting the isospin relation among the decay
amplitudes for B → Kπ :

A
(

B+ → K 0π+) + √
2A

(
B+ → K +π0)

= A
(

B0 → K +π−) + √
2A

(
B0 → K 0π0). (47)

The notation A(B → K iπ j) ≡ Aijeiαi j
is used in the figure and

Aij
(1,2) corresponds to the case of α00

(1,2) . The isospin quadrangle
can be geometrically constructed as follows. The two complex
values of A(B+ → K 0π+) and A(B0 → K +π−) in the complex
plane are fixed from the solutions shown above. Subsequently, the
value xeiζ is determined, where xeiζ ≡ A(B0 → K +π−) − A(B+ →
K 0π+) = √

2A(B+ → K +π0) − √
2A(B0 → K 0π0) as defined in

Eq. (43). Since the magnitudes A+0 and A00 are directly deter-
mined from the measurements, we find two distinct solutions for
A(B+ → K +π0) and A(B0 → K 0π0) which are expressed as A+0
(1,2)
and A00
(1,2)

in Fig. 2. Two sides of the quadrangles denoted by the
diamond marks (and the circle marks) are equal in length to each
other. The quadrangles in the figure have been constructed by us-
ing the present experimental data. We recall that the weak phase
γ has been used as an input in Eq. (32).

Next, we find analytic solutions for rM
C , rM

EW, δM
C , δM

EW in terms of
the observables, using α00 and ᾱ00 determined in Eqs. (45) and
(46). To this end, we use Eq. (28) and its CP conjugate version.
They can be rewritten as

−rM
C eiγ eiδM

C + rM
EWeiδM

EW = yeiη, (48)

−rM
C e−iγ eiδM

C + rM
EWeiδM

EW = ȳeiη̄, (49)

where

yeiη ≡ √
2

A00

P
eiα00 + 1, (50)

ȳeiη̄ ≡ √
2

Ā00

P
eiᾱ00 + 1. (51)

It is straightforward to find the solutions for rM
C , rM

EW, δM
C , δM

EW
as a function of y, ȳ and η, η̄ from Eqs. (48) and (49):

rM
C = 1

2 sinγ

√
|y|2 + | ȳ|2 − 2y ȳ cos(η̄ − η), (52)

rM
EW = 1

2 sinγ

√
|y|2 + | ȳ|2 − 2y ȳ cos(2γ + η̄ − η), (53)

δM
C = ArcTan

(
− y cosη − ȳ cos η̄

y sinη − ȳ sin η̄

)
, (54)

δM
EW = ArcTan

(
− y cos(η − γ ) − ȳ cos(η̄ + γ )

y sin(η − γ ) − ȳ sin(η̄ + γ )

)
. (55)

We note that there occurs no ambiguity in the above equations.
Therefore, we have found the analytic solutions for the 7 param-
eters: (P , rT , δT ) without ambiguity, and (rM

C , rM
EW, δM

C , δM
EW) with a

four-fold discrete ambiguity which stems from α00 and ᾱ00 given
in (45) and (46).

Now we substitute the values of experimental data into our an-
alytic solutions in order to get the numerical values of rM

C , rM
EW, δM

C ,
and δM

EW. Table 2 shows the result for each case. The prediction
for S K Sπ0 is also given for each case. Provided precise measure-
ment of S K Sπ0 , one can choose consistent solutions with the data
of S K Sπ0 among these 4 cases. Then, as mentioned before, one can
analyze each hadronic parameters of the solutions, comparing to
given theoretical estimation such as PQCD and QCDF. The Cases 1
and 3 solutions are discarded because their predictions for S K Sπ0

are quite different from the current data. The solutions for Cases 2
and 4 are our favorites because their predictions for S K Sπ0 are con-
sistent with the data within 1σ error. The Case 2 solution shows
large color-suppressed tree than the typical SM estimation, while
the Case 4 solution presents large EWP, where both cases suggest
considerable NP contribution.
Fig. 2. The isospin quadrangles in a complex plane displaying the isospin relation among the decay amplitudes for B → Kπ . Aij
(1,2)

corresponds to the case of α00
(1,2)

.
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Table 2
Four possible solutions for rM

C , rM
EW, δM

C , δM
EW and the prediction for S K S π0 in each case. Current experimental value for S K S π0 is 0.38 ± 0.19

rM
C rM

EW δM
C δM

EW S K S π0

Case 1 0.085 ± 0.080 0.25 ± 0.11 226◦ ± 81◦ 77◦ ± 16◦ 0.69 ± 0.14
Case 2 0.36 ± 0.13 0.068 ± 0.064 192◦ ± 11◦ 202◦ ± 78◦ 0.08 ± 0.26
Case 3 0.24 ± 0.13 0.17 ± 0.10 −20◦ ± 15◦ −6.4◦ ± 26◦ 0.92 ± 0.07
Case 4 0.12 ± 0.11 0.29 ± 0.13 235◦ ± 45◦ −80◦ ± 15◦ 0.55 ± 0.16
Please note that many authors uncovered that the anomalous
behaviors of the experimental data could be accommodated with
the enhancement of the EWP amplitude [13,14] as well as an ad-
ditional weak phase in the electroweak sector [15–17], and a few
authors have also found that the color-suppressed tree amplitude
would be the main source of NP in the B → Kπ modes [17,18].
Due to our analytic approach, we can find two solutions physi-
cally equivalent: one showing the large SM-like color-suppressed
tree contribution and the other showing the large SM-like EWP
contribution.

4. Extracting new physics parameters and discussion

Finally, we would like to solve Eqs. (23) and (24) for the NP pa-
rameters rN , δN and φN . The left-hand side of Eqs. (23) and (24)
has 4 parameters which can be obtained from the analytic solu-
tion shown above. But the number of unknown parameters on the
right-hand side is 7 (rC , δC , rEW, δEW, rN , δN , φN ). Thus there is no
model independent way to extract NP parameters without addi-
tional theoretical inputs. We need at least 3 additional inputs in
the color-suppressed tree and the EWP sector in order to deter-
mine NP parameters. Here, we adopt two different schemes for the
additional theoretical inputs: one is flavor SU(3) symmetry, and the
other is recent PQCD calculation.

Using the flavor SU(3) symmetry, we estimate the color-
suppressed tree amplitude from the B → ππ decays amplitudes,
following Ref. [16],

C = λ

1 − λ2/2
Cππ = (3.8 ± 0.4) eV, (56)

δC = −12◦ ± 15◦, (57)

where the Cππ is color-suppressed tree amplitude of B → ππ
decays. The EWP amplitude is also associated with the tree and
color-suppressed amplitudes under flavor SU(3) symmetry [30] as

rEWeiδEW = −3

2

c9 + c10

c1 + c2

1

λ2 Rb

(
rT eiδT + rC eiδC

)
. (58)

The parameters rT and δT can be obtained within the B → Kπ
modes as in Eq. (39). And the parameters rC and δC are given by
Eqs. (56) and (57) combined with Eq. (33). Subsequently rEW and
δEW can be obtained from the above equation. We summarize the
result:

SU(3): rC eiδC = (0.076 ± 0.008)ei(−12±15)◦ ,

rEWeiδEW = (0.14 ± 0.04)ei(9±10)◦ . (59)

On the other hand, The recent PQCD calculation for the B → Kπ
decays gives [6]

PQCD: rC eiδC = (0.039)e−i61◦
,

rEWeiδEW = (0.12)ei22◦
. (60)

We use these two different schemes for the values of SM parame-
ters in order to extract NP parameters. Actually, only 3 additional
inputs are enough to extract the NP parameters. Nevertheless, we
adopt above 4 additional inputs in order to get rid of discrete am-
biguity. We define the following quantities:
Table 3
Numerical values of the new physics parameters after using the additional inputs of
the SM parameters from the flavor SU(3) symmetry and PQCD result, respectively.
The result is shown for the Cases 2 and 4

rN φN δN

SU(3) symmetry Case 2 0.39 ± 0.13 91◦ ± 15◦ 8◦ ± 27◦
Case 4 0.29 ± 0.19 150◦ ± 24◦ 29◦ ± 17◦

PQCD Case 2 0.34 ± 0.13 93◦ ± 15◦ 7◦ ± 28◦
Case 4 0.31 ± 0.30 162◦ ± 21◦ 36◦ ± 14◦

�rC ei�δC ≡ rM
C eiδM

C − rC eiδC , (61)

�rEWei�δEW ≡ rM
EWeiδM

EW − rEWeiδEW . (62)

The parameters of �rC , �δC , �rEW, and �δEW can be extracted
using above additional theoretical inputs. Then, we can easily see
from Eqs. (23) and (24) that the following relation should be sat-
isfied:

�δC = �δEW (modπ) = δN (modπ). (63)

And, we find the solutions of NP parameters as

δN = �δEW or �δEW − π, (64)

sin φN

sin(φN − γ )
= �rC

�rEW
, (65)

rN = sinγ

sin φN
�rC . (66)

For the δN , two different solutions are possible as shown in
Eq. (64). Since the strong phase of NP contribution is expected to
be small, we choose the one with close to the δEW. The numerical
values for the solution with the two different schemes of theo-
retical inputs are shown in Table 3. We can see that the result is
consistent each other for both schemes of theoretical input. Note
that in both cases, for both schemes of theoretical input, the mag-
nitude of the NP amplitude is quite large and its weak phase is
also sizable.

Since the experimental value of γ still has large uncertainties,
we investigate how our NP solutions depend on these experimen-
tal results. We perform a minimum χ2 analysis to get the NP
solution in order to simply see the dependence. After employing
four additional inputs of rC , δC , rEW, δEW from flavor SU(3) symme-
try, the number of unknown parameters is 6 (P , rT , δT , rN , φN , δN )
while we can use 8 available experimental data excluding A0+

CP .
The fitting result as a function of γ is shown in Fig. 3. As we can
see, the NP contribution is not much sensitive to γ .

5. Conclusions

In this work, we present complete analytic method for analyz-
ing the hadronic parameters with the single NP contribution under
consideration of reparametrization invariance. It is shown that any
single NP contribution in the color-suppressed tree sector or EWP
sector can affect both the SM parameters of color-suppressed tree
and EWP. We show the analytic solution for every parameters of
SM-like parametrization, and also for the NP parameters. Therefore
one can pinpoint each hadronic parameters and compare them to
the theoretical estimations once the precise experimental data are
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Fig. 3. The χ2 fitting result for the new physics parameters rN and φN as a func-
tion of γ , using the SU(3) symmetry input. The shaded area is the experimentally
allowed region of γ given in PDG 2006.

given. There were 4 possible solutions for the SM-like parameters
which can be chosen rightfully by considering mixing induced CP
asymmetry data. Consequently, it could be understood simultane-
ously that the two different intriguing solutions occur: one is large
color-suppressed tree and the other is large EWP. We obtain the
solution for the NP parameters after adopting additional theoretical
input. The solution shows quite large NP contribution and sizable
weak phase of it.

Acknowledgements

The work of C.S.K. was supported in part by CHEP-SRC and
in part by the KRF Grant funded by the Korean Government
(MOEHRD) No. KRF-2005-070-C00030. The work of S.O. was sup-
ported by the Second Stage of Brain Korea 21 Project. The work
of Y.W.Y. was supported by the KRF Grant funded by the Korean
Government (MOEHRD) No. KRF-2005-070-C00030.

References

[1] Y. Nir, H.R. Quinn, Phys. Rev. Lett. 67 (1991) 541;
R. Fleischer, Phys. Lett. B 365 (1996) 399, hep-ph/9509204;
A.J. Buras, R. Fleischer, Eur. Phys. J. C 16 (2000) 97, hep-ph/0003323;
M. Imbeault, A.L. Lemerle, V. Page, D. London, Phys. Rev. Lett. 92 (2004) 081801,
hep-ph/0309061.

[2] R. Fleischer, T. Mannel, Phys. Rev. D 57 (1998) 2752, hep-ph/9704423.
[3] A.J. Buras, R. Fleischer, Eur. Phys. J. C 11 (1999) 93, hep-ph/9810260.
[4] M. Beneke, G. Buchalla, M. Neubert, C.T. Sachrajda, Nucl. Phys. B 606 (2001)

245, hep-ph/0104110;
M. Beneke, M. Neubert, Nucl. Phys. B 675 (2003) 333, hep-ph/0308039;
X.q. Li, Y.d. Yang, Phys. Rev. D 72 (2005) 074007, hep-ph/0508079.

[5] H.n. Li, H.L. Yu, Phys. Rev. D 53 (1996) 2480, hep-ph/9411308;
Y.Y. Keum, H.n. Li, A.I. Sanda, Phys. Lett. B 504 (2001) 6, hep-ph/0004004;
Y.Y. Keum, H.n. Li, A.I. Sanda, Phys. Rev. D 63 (2001) 054008, hep-ph/0004173.

[6] H.n. Li, S. Mishima, A.I. Sanda, Phys. Rev. D 72 (2005) 114005, hep-ph/0508041.
[7] C.W. Bauer, D. Pirjol, I.Z. Rothstein, I.W. Stewart, Phys. Rev. D 70 (2004) 054015,

hep-ph/0401188;
C.W. Bauer, I.Z. Rothstein, I.W. Stewart, Phys. Rev. D 74 (2006) 034010, hep-
ph/0510241;
A.R. Williamson, J. Zupan, Phys. Rev. D 74 (2006) 014003, hep-ph/0601214;
A.R. Williamson, J. Zupan, Phys. Rev. D 74 (2006) 03901, Erratum.
[8] R. Fleischer, S. Recksiegel, F. Schwab, Eur. Phys. J. C 51 (2007) 55, hep-ph/

0702275.
[9] E. Barberio, et al., Heavy Flavor Averaging Group (HFAG), hep-ex/0603003.

[10] S. Khalil, Phys. Rev. D 72 (2005) 035007, hep-ph/0505151;
R. Arnowitt, B. Dutta, B. Hu, S. Oh, Phys. Lett. B 633 (2006) 748, hep-ph/
0509233;
R. Arnowitt, B. Dutta, B. Hu, S. Oh, Phys. Lett. B 641 (2006) 305, hep-ph/
0606130.

[11] V. Barger, C.W. Chiang, P. Langacker, H.S. Lee, Phys. Lett. B 598 (2004) 218,
hep-ph/0406126.

[12] W.S. Hou, M. Nagashima, A. Soddu, Phys. Rev. Lett. 95 (2005) 141601, hep-ph/
0503072;
W.S. Hou, M. Nagashima, G. Raz, A. Soddu, JHEP 0609 (2006) 012, hep-ph/
0603097.

[13] T. Yoshikawa, Phys. Rev. D 68 (2003) 054023, hep-ph/0306147;
A.J. Buras, R. Fleischer, S. Recksiegel, F. Schwab, Eur. Phys. J. C 32 (2003) 45,
hep-ph/0309012;
S. Nandi, A. Kundu, hep-ph/0407061;
Y.L. Wu, Y.F. Zhou, Phys. Rev. D 72 (2005) 034037, hep-ph/0503077;
C.S. Kim, Y.J. Kwon, J. Lee, T. Yoshikawa, Prog. Theor. Phys. 116 (2006) 143, hep-
ph/0509015.

[14] S. Mishima, T. Yoshikawa, Phys. Rev. D 70 (2004) 094024, hep-ph/0408090.
[15] A.J. Buras, R. Fleischer, S. Recksiegel, F. Schwab, Phys. Rev. Lett. 92 (2004)

101804, hep-ph/0312259;
A.J. Buras, R. Fleischer, S. Recksiegel, F. Schwab, Acta Phys. Pol. B 36 (2005)
2015, hep-ph/0410407;
A.J. Buras, R. Fleischer, S. Recksiegel, F. Schwab, Eur. Phys. J. C 45 (2006) 701,
hep-ph/0512032;
S. Baek, JHEP 0607 (2006) 025, hep-ph/0605094.

[16] A.J. Buras, R. Fleischer, S. Recksiegel, F. Schwab, Nucl. Phys. B 697 (2004) 133,
hep-ph/0402112.

[17] S. Baek, P. Hamel, D. London, A. Datta, D.A. Suprun, Phys. Rev. D 71 (2005)
057502, hep-ph/0412086;
S. Baek, D. London, hep-ph/0701181.

[18] C.W. Chiang, M. Gronau, J.L. Rosner, D.A. Suprun, Phys. Rev. D 70 (2004)
034020, hep-ph/0404073;
Y.Y. Charng, H.n. Li, Phys. Rev. D 71 (2005) 014036, hep-ph/0410005;
X.G. He, B.H.J. McKellar, hep-ph/0410098;
C.S. Kim, S. Oh, C. Yu, Phys. Rev. D 72 (2005) 074005, hep-ph/0505060;
M. Gronau, J.L. Rosner, Phys. Lett. B 644 (2007) 237, hep-ph/0610227.

[19] F.J. Botella, J.P. Silva, Phys. Rev. D 71 (2005) 094008, hep-ph/0503136.
[20] M. Imbeault, D. London, C. Sharma, N. Sinha, R. Sinha, hep-ph/0608169.
[21] M. Gronau, J.L. Rosner, D. London, Phys. Rev. Lett. 73 (1994) 21, hep-ph/

9404282;
M. Gronau, O.F. Hernandez, D. London, J.L. Rosner, Phys. Rev. D 50 (1994) 4529,
hep-ph/9404283;
C.S. Kim, D. London, T. Yoshikawa, Phys. Rev. D 57 (1998) 4010, hep-ph/
9708356.

[22] M. Gronau, O.F. Hernandez, D. London, J.L. Rosner, Phys. Rev. D 52 (1995) 6374,
hep-ph/9504327.

[23] L. Wolfenstein, Phys. Rev. Lett. 51 (1983) 1945.
[24] S. Baek, F.J. Botella, D. London, J.P. Silva, Phys. Rev. D 72 (2005) 114007, hep-ph/

0509322.
[25] A.J. Buras, R. Fleischer, Phys. Lett. B 341 (1995) 379, hep-ph/9409244.
[26] C.S. Kim, S. Oh, C. Sharma, R. Sinha, Y.W. Yoon, arXiv: 0706.1150 [hep-ph].
[27] B. Aubert, et al., BaBar Collaboration, Phys. Rev. Lett. 97 (2006) 171805, hep-ex/

0608036;
B. Aubert, et al., BaBar Collaboration, hep-ex/0607096;
K. Abe, et al., hep-ex/0507045;
K. Abe, et al., hep-ex/0608049;
K. Abe, et al., hep-ex/0609006;
K. Abe, et al., hep-ex/0609015.

[28] A. Bornheim, et al., CLEO Collaboration, Phys. Rev. D 68 (2003) 052002, hep-
ex/0302026;
B. Aubert, et al., BaBar Collaboration, hep-ex/0608003;
B. Aubert, et al., BaBar Collaboration, hep-ex/0607106.

[29] W.M. Yao, et al., Particle Data Group, J. Phys. G 33 (2006) 1.
[30] M. Neubert, J.L. Rosner, Phys. Lett. B 441 (1998) 403, hep-ph/9808493;

M. Neubert, J.L. Rosner, Phys. Rev. Lett. 81 (1998) 5076, hep-ph/9809311;
M. Gronau, D. Pirjol, T.M. Yan, Phys. Rev. D 60 (1999) 034021, hep-ph/9810482;
M. Gronau, D. Pirjol, T.M. Yan, Phys. Rev. D 69 (2004) 119901, Erratum.


	Analytic resolution of puzzle in B->K pi decays
	Introduction
	Parametrization and reparametrization invariance
	Analytic solutions for the SM-like parameters
	Extracting new physics parameters and discussion
	Conclusions
	Acknowledgements
	References


