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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 — Km 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 |PNP/P| =0.39 £ 0.13, ¢’ = 91° & 15° and §"P = 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 CCBY 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— Km 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 — K7 decays.

The ratios

_ BBt K%
" TB(BT — KO +)
1BB°— Ktrn™)
2 B(BY — KO70)
are expected to satisfy R, ~ R, 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 R, =
1.12 £0.07 and R, = 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(B® — Kt )~ Acp(BT — Ktm9) for the di-
rect CP asymmetry and (sin28)g 0 ~ (sin2f)czs = 0.68 for the

R and

R, = (1)

* Corresponding author.
E-mail addresses: cskim@yonsei.ac.kr (C.S. Kim), scoh@phya.yonsei.ac.kr (S. Oh),
ywyoon@yonsei.ac.kr (Y.W. Yoon).

0370-2693 © 2008 Elsevier B.V. Open access under CC BY license
doi:10.1016/j.physletb.2008.06.015

mixing-induced CP asymmetry. But the current experimental data
show

Acp(BT — K% — Acp(B® — KT ™) = 0.15 £ 0.03, )
(SiN2B) g0 — (siN2B)ces = —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*7%pqcp =
—0.01 J_rgjgg still has 1.50 difference from the current experimental

data Acp(BT — Kt %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 20 off the data.

Searching for NP via the electroweak penguin (EWP) pro-
cesses in the B — K 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 y.

2. Parametrization and reparametrization invariance

In the quark diagram approach [21,22], the decay amplitudes of
four B — K7 modes are described as

A(BT > K'nt) =P+ A, (4)
AB® > KTn™)=-P—Pfy -7, (5)
V2A(BT - K1) =P —Pew — Pl —T —C— A, (6)
V2A(B° - K°7%) =P — Pew - C, @
under the redefinition of

P+EP - %PECW— %57>§W—>7>, (8)
A+EPSy — A 9)

Each topological parameter represents strong penguin (P), electro-
weak penguin (Prw), exchange penguin (EP), tree (7), 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;Z V[575[C + V;kb Vus75uc = Ptc + Puc

using unitarity of the CKM matrix. Note that the CKM factors rel-
evant to each parameter are V;j Vs for the ’PtC,PEW,PECW and
V¥ Vys for the 7,C, A, Pyc. The relative sizes among these pa-
rameters are roughly estimated within the SM [22] as

1: [Prcl,

OM): T, Pewl,

o@2): Icl. PECW”

O(»%): Al (10)

where A ~ 0.2 from the Wolfenstein parametrization [23]. For the
relative size of |Py|, one can roughly estimate that

PtC 75['(;

VE VusPuc

~ 22
Vi VisPrc

. (11)

Note that P, and P, are smaller than P; [24], and more precisely
it can be estimated that 0.2 < |75uc/75[5| < 0.4 within the perturba-
tive calculation [25]. Therefore, we assume |Pyc/Pic| ~ O3) 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 — K
decays. Thus we neglect all the minor contributions smaller than
|C|, such as A and Py, for simplicity. (We also neglect PECW, since
the |73ECW| is expected to be smaller than |C| [14,16].) Therefore,
in our analysis the limit of NP sensitivity would be the order of
IC|(~ A%Py) at most.

Explicitly showing the weak phase y and the strong phases §,
the decay amplitudes can be rewritten as

A(BT - K°7t) = —P, (12)
A(B® — Kt ™) =P(1 —rre'e"), (13)
V2A(B* — K*70)

=P(1- rrei? el _ reel? gidc +rEWei‘SEW), (14)
V2A(B® — K°7%) = P(—1 — rce'? e + rpwe'w), (15)

where P = |Pi|, 11 = |T/Precl, 7c = IC/Prcls TEw = Pew/Prcl,
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, Vis = —|V/} Vis|. We
assume that the weak phase y can be measured from elsewhere.
Then the number of unknown parameters in the above decay am-
plitudes is 7 (P, rr,rc, 'ew, 81, 8¢, Sew) 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

pNei®" gis" (16)

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

V2A(BT — KT 70)

=P(1 —rrel? e —rcel” el 4 rpyelw 4 rNei"’NeiaN), (17)
V2A(B° — K°7°)
=P(—1—rce’” e 4 rpyel®w 4 rNeio" ei‘SN), (18)

where N = PN/P. It has been introduced that any single decay
amplitude can be separated into two decay amplitudes which have
arbitrary weak phases 6 and 7, respectively, unless 6 and 5 are
equal or modulo 7 [19]. Since any physical results should not be
changed, it is called reparametrization invariance (RI). More explic-
itly, any phase term e® can be separated as

0% — Si.n(‘l’ —1) elf _ 5%n(¢ - e)e,'n
sin(@ — 1) sin(@ —n)

, (19)

where the phases 6 and 7 are arbitrarily chosen, satisfying 6 —n #
0 (mod ). This is a simple algebraic identity. Due to this identity,
the NP amplitude can be re-expressed as

N idN yish _ N SiF¢N o7 pit" _ N Siﬂ@N — V) st (20)
siny siny

Here, the weak phases y and O 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

V2A(BT > K*7°)

=P(1—rre”e — rMeivgidt! 4 ré‘/’Wei‘S%), (21)
V2A(B® — K°7°)
=P(-1- rMeivgidt! 4 ré”wei‘séwW), (22)

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

LN
sM ; sing” N
rMel’c  =rceldc N el (23)
siny
N
s oM : sSin — isN
il et = rpyeldew — N sin@” ~v) eld™, (24)

siny
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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 ¢N =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 Egs. (12), (13), (21),
and (22) as

Ao+eia0+ = A%l — _p, (25)
At—el®™ = P(1- rTeiVei‘ST), (26)
V2A+0eie™ P(1—rreer — rCMeiVei‘Sy + r’EV'Wei‘séﬂW), (27)
V2A%0i®” = p(—1 —Melv el 4 M o), (28)

where AY denote magnitudes of the decay amplitudes of B —
KimJ and oV represent their complex phases (ij = {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 — K decays [27,28]. We use the notation for the
branching ratios and CP asymmetries compatible with HFAG [9]:

) U
BY « tge+0) +, (29)
, Aijz _ Aijz
ijo_
‘ACP = Aijz + Aijz ’ (30)
2Imay
(31)

Sf=nf—m——,
I=WTEp

where 7.0 is the life time of a B0 meson. The Ay is defined

by A =e 2PA/A and n; is the CP eigenvalue of the final state f.
We also use the following numerical values from PDG [29]:

T
BT _1.071. (32)

sin2p = 0.687, .
BO

y =63°,

The number of parameters is 7 (P,rr,rM M, or,6M M),
while 9 observables are available in B — Km decays. Since Aglf
automatically vanishes in our parametrization, we discard the data.
Setting aside the mixing induced CP asymmetry data Sy o0, 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=A% =(49.9+1.1) eV. (33)
Combining Eqgs. (25) and (26), one finds [16] that

R=1+r%—2rrcosdycosy, (34)
—Al R=2rrsindrsiny, (35)
where R is given [2] by
Bt— Tp+
R=———=0.90+0.05. 36
B 1po (36)

The analytic solutions for 87 and rr are obtained in terms of the
observables from the above equations are

sin2y
COtST = f
(_-Acp )R
1 —ALRN?
x|:1:l:\/l+ 3 <R—1—(¢> )} (37)
cos® y 2siny
rT= \/R(l — Al coty cotsr) — 1. (38)

Using the experimental data given in Table 1, we obtain nu-
merical values of rr and 7. As shown in Fig. 1, the following two
solutions are found:

rr =0.14 +0.07, 87 =20°£12°, or (39)
rr =0.78 £0.07, 81 =3.6°+0.5°. (40)
1.0
0.8
0.6
rr
041
0.2
0.0 1 I 1 1
-100° -50° 0 50° 100° 150°
o7

Fig. 1. Contour plot corresponding to the 1o range of R and .Aérp’ in Egs. (34) and
(35) in the rr-87 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 rr
and &7. The two solutions are marked with error bars.

Table 1

Current experimental data for B — K. 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 ) 23.9+1.1+1.0 228108 +13 18.813 7124 23.1£1.0
B(K*7°) 13.6+0.6£0.7 124+0.5+06 129729412 129+ 0.6
B(Ktm™) 19.1+0.6£0.6 19.9+0.4+0.8 18.01723+12 19.4+0.6
B(K°7®) 103+£0.7+0.6 9.2+0.7795 [(218ue sy 9.9+0.6
Acp(KOmr ™) —0.029 4 0.039 + 0.010 0.03 £ 0.03 £ 0.01 0.18+0.24 +0.02 0.009 £ 0.025
Acp(K+70) 0.030 £ 0.039 £ 0.010 0.07 £ 0.03 £ 0.01 —0.29+0.23+0.02 0.050 == 0.025
Acp(K+m™) —0.107 +0.018735%% —0.093 4 0.018 £ 0.008 —0.04+0.16 £ 0.02 —0.097 + 0.012°
Acp(KOrr®) —0.24+0.15 £ 0.03 —0.05+0.14£0.05 —0.14£0.11
Sksno 0.40 = 0.23 £ 0.03 0.33+0.35+0.08 0.38£0.19

4 This average also includes the CDF result: —0.086 £ 0.023 + 0.009.



234 CS. Kim et al. / Physics Letters B 665 (2008) 231-236

Since the second value of ry 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 «® and @ 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:

V2(ATO0T - A1) — e, (41)
V2(AT0ei™ _ 3006ia™) _ pgeil (42)
where

xelt =2 —rrel?eldr, (43)
xelt =2 —rre~i7elT (44)

It is easy to find %0 and @° from these equations:

02 _ 94002 _ p2,2
00 — ¢ + ArcCos ) (45)
24/2A00px
0? 2002 252
- —2A"Y —P
00 — 7 + ArcCos o). (46)
24/2A%px

There occurs a two-fold ambiguity for «®® and also for @%. We
call them [“(1)' oc?zo)] and [6{?10), 61?20)], respectively. Consequently,
the solution for &% and @%° 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 (a?{;,&?{;), (a?{;,&g’g), (a?zo),o_t?]O)), and (ot?z(;,&?z(;). How-
ever, in reality for any given 01%0’2) (or 65?]02)) there exist only two
possible cases: for instance, for given 0‘(1)' only Cases 1 and 2 are
possible solutions which indicates a two-fold ambiguity.

It is instructive to represent the phases «®® and @°° 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 — Kr:

A(BT — K°7n*) +v2A(BT — KT70)
=A(B"— KT ™) +v2A(B® — K°7?). (47)

The notation A(B — K'n/) = Alieie is used in the figure and
Al(]lyz) corresponds to the case of oz?lo,z). The isospin quadrangle
can be geometrically constructed as follows. The two complex
values of A(BT — K°7rt) and A(B® — K*7~) in the complex
plane are fixed from the solutions shown above. Subsequently, the
value xe'¢ is determined, where xe* = A(B® > K*7~) — A(Bt —
KOty = V2ABY - Kt7%) — V2A(B® — K%70) as defined in
Eq. (43). Since the magnitudes AT® and A% are directly deter-
mined from the measurements, we find two distinct solutions for
ABT — K*7% and A(B® — K%7%) which are expressed as A(+1(’)2)

Im/)

00
V243

and A?Rz) 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
y has been used as an input in Eq. (32)

Next, we find analytic solutions for r¢ ,ré”w, ‘Sc ,8pw in terms of
the observables, using o% and @°° determined in Eqs. (45) and
(46). To this end, we use Eq. (28) and its CP conjugate version.
They can be rewritten as

M

—r¥ Mol pidt! +r oldt — yel, (48)
—rMe=iveid | M eidtw — el (49)
where
) A00
ye'l = \/ETe”"OO +1, (50)
200
yell = «/ETe’“OO +1. (51)
It is straightforward to find the solutions for r¥, rM, sM, s
as a function of y, y and n, i from Egs. (48) and (49):
M _ 2 2
T —2yycos 52
¥ = s I+ 15 = 257 cost =), (52)
Wy = Iy + 1512 - 2y7 cos@y + 71— ), (53)
2siny
sY = ArcTan(— yCosH — ycosn C(,)S - )_/C_OS 7_7> (54)
ysinn — ysini
zﬁé‘/’\,\,:ArcTan(—yC(A)S(’7 —v) _}_IC_OS()_?_'—]/)). (55)
ysin(n —y) —ysin(n+y)

We note that there occurs no ambiguity in the above equations.
Therefore, we have found the analytic solutions for the 7 param-
eters: (P,rr, 87) without ambiguity, and (r¥ ,rEW, sM oM ) with a
four-fold discrete ambiguity which stems from «° and a% 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, rM  sM,
and SQ/’W. Table 2 shows the result for each case. The prediction
for Sk 0 is also given for each case. Provided precise measure-
ment of Sk, 0, one can choose consistent solutions with the data
of Sk,z0 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 Sk o0
are quite different from the current data. The solutions for Cases 2
and 4 are our favorites because their predictions for Sy ;o are con-
sistent with the data within 1o 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.

+0

Re

‘/7‘4(1)

Fig. 2. The isospin quadrangles in a complex plane displaying the isospin relation among the decay amplitudes for B — K. Aijl.z) corresponds to the case of 0‘?10,2)-
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Table 2
Four possible solutions for r¥, rf,. 84, s, and the prediction for Sy ;o in each case. Current experimental value for Sy o is 0.38 +0.19
73 "tw 8¢ S Sks®
Case 1 0.085 4-0.080 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 Table 3

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 — Km 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 rV, 8N and ¢N. The left-hand side of Egs. (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, 8¢, rew, Sew, Y, 8N, V). 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 — mr decays amplitudes,
following Ref. [16],

C Crr=(3.8+04) eV, (56)

122
Sc = —12° +15°, (57)

where the Cr, is color-suppressed tree amplitude of B —
decays. The EWP amplitude is also associated with the tree and
color-suppressed amplitudes under flavor SU(3) symmetry [30] as
3cg+cip 1

—— (rre!T +reetdc). 58
2c1+czA2Rb(T + rce’) (58)

rewe'W = —

The parameters rr and 87 can be obtained within the B — Km
modes as in Eq. (39). And the parameters rc and 8¢ are given by
Eqgs. (56) and (57) combined with Eq. (33). Subsequently rgw and
Sew can be obtained from the above equation. We summarize the
result:

rcei®c = (0.076 + 0.008)ei(—12£15)"
rEweBwW = (0.14 £ 0.04)e! OF10° (59)

SU@3):

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

rcel®c = (0.039)e61°,
reweEw = (0.12)ei22°, (60)

PQCD:

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:

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

TN ¢N SN
SU(3) symmetry Case 2 0.39£0.13 91° £ 15° 8° +27°
Case 4 0.29+0.19 150° 4 24° 20° 4+ 17°
PQCD Case 2 0.34+0.13 93° 4 15° 7° £ 28°
Case 4 0.31+0.30 162° +21° 36° 4 14°
. - .
Arce'dc =rMeidc _peeldc (61)
. - 4
Arpwe %W =M elOew _ ppyelOEw, (62)

The parameters of Arc, Adc, Argw, and Adgw can be extracted
using above additional theoretical inputs. Then, we can easily see
from Egs. (23) and (24) that the following relation should be sat-
isfied:

ASc = Adpw (mod ) =8N (mod ). (63)

And, we find the solutions of NP parameters as

SN = ASew or Adpw — T, (64)
sing  Arc (65)
sin(pN —y) ~ Arpw’
N siny
ro= Arc. 66
singN ¢ (86)

For the 8N, 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 Sgw. 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 y still has large uncertainties,
we investigate how our NP solutions depend on these experimen-
tal results. We perform a minimum x?2 analysis to get the NP
solution in order to simply see the dependence. After employing
four additional inputs of r¢, 8¢, rgw, Sgw from flavor SU(3) symme-
try, the number of unknown parameters is 6 (P, rr, 87,1V, ¢N, sN)
while we can use 8 available experimental data excluding Ag;{.
The fitting result as a function of y is shown in Fig. 3. As we can
see, the NP contribution is not much sensitive to y.

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 x? fitting result for the new physics parameters rV¥ and ¢N as a func-
tion of y, using the SU(3) symmetry input. The shaded area is the experimentally
allowed region of y 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.
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