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Abstract. We study impacts on new physics search from the rare decay K+ → π+νν. In a certain class
of new physics models, the extra contributions to FCNC processes can be parametrized by its ratio to
the standard model (SM) contribution with the common CKM factors. The ratio R1 has been used in the
analysis of xd and εK parameters. In the above class of models, the K+ → π+νν decay amplitude can be
parametrized by the ratio R2. Then the experimentally allowed region for new physics contributions can
be given in terms of R1, R2 and the CP violating phase δ of the CKM matrix. Constraints on R1 and cos δ
are obtained by taking account of current experimental data and theoretical uncertainties on B0-B0 and
K0-K0 mixings. We study impacts of future improved measurements by using (R1, R2, cos δ) basis. We
discuss contributions in the minimal supersymmetric SM and the two Higgs doublet model as examples.

1 Introduction

Processes mediated by flavor changing neutral current
(FCNC) have been considered as good probes of physics
beyond the standard model (SM). By using the exper-
imentally well measured processes, an existence of new
physics may arise as violation of the unitarity of the
Cabbibo-Kobayashi-Maskawa (CKM) matrix. Such signa-
tures of new physics will be explored through the deter-
mination of the unitarity triangle at B-factories at KEK
and SLAC in the near future.

The rare decay K+ → π+νν is one of the most promis-
ing processes to extract clean informations about the
CKM matrix elements [1]. The decay rate has small the-
oretical uncertainties because the interactions are dom-
inated by the short-distance physics. The long-distance
contributions have been estimated as 10−3 smaller than
the short-distance contributions [2]. The importance of
this decay mode on the determination of the unitarity tri-
angle has been discussed in [3,4]. Furthermore, by care-
fully examining the consistencies of the CKM matrix el-
ements measured from this decay process and the other
processes, we may find a signature of new physics.

Recently, E787 collaboration reported the first obser-
vation of an event consistent with this decay process, and
obtained Br(K+ → π+νν) = 4.2+9.7

−3.5×10−10 [5]. Although
there is still only one candidate event, the report moti-
vates us to examine the implication of the above estimate
of the branching fraction and of its improvement in the
near future.
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In this paper, we study impacts on the search for a
new physics signal from the K+ → π+νν decay in a class
of new physics models that satisfy the following two con-
ditions: (i) The flavor mixing in the new physics sector is
governed by the SM CKM matrix elements, (ii) The main
contributions to the FCNC processes are given through
loop effects mediated by the third generation particles.
The condition (i) means that the effective Lagrangian of
the FCNC processes in the new physics sector can be de-
scribed by the same form with that of the SM besides the
estimation of the loop contributions. The condition (ii)
implies either the extra contributions from the first two
generations do not differ so much, or those are negligible
as compared with the contribution from the third genera-
tion.

Our assumptions can be valid not only in K+ → π+νν
decay but also in other FCNC processes, such as B0-B0

and K0-K0 mixings. We will show that new physics con-
tributions to those processes can be parametrized by two
quantities, R1 for B0-B0, K0-K0 mixings and R2 for K+ →
π+νν decay. Both quantities are defined as the ratio of
the new physics contribution to that of the SM. Taking
account of current experimental data on xd and εK pa-
rameters in B0-B0 and K0-K0 mixings, and uncertainties
in the hadronic parameters, we show constraints on the
new physics contributions in terms of R1 and cos δ, where
δ is the CP violating phase of the CKM matrix in the
standard parametrization [6]. We also find constraints on
R1, R2 and cos δ by assuming the future improvement of
the Br(K+ → π+νν) measurements. As examples of new
physics models which naturally satisfy the conditions (i)
and (ii), we examine the consequences of the minimal su-
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persymmetric standard model (MSSM) [7] and the two
Higgs doublet model (THDM) [8].

2 New physics contributions to the FCNC
processes in the B and K meson systems

The effective Lagrangian for the K+ → π+νν process in
the SM is given by [9]:

LK+

eff =
GF√

2
2α(mZ)

π

1
sin2 θW

ν`γ
µPLν` sγµPLd

×
∑

i=2,3

V ∗
i2Vi1 ηiDW (i), (2.1)

where i and ` are the generation indices for the up-type
quarks and leptons, respectively. The CKM matrix ele-
ment is given by Vij and the projection operator PL is
defined as PL ≡ (1 − γ5)/2. The QCD correction factor
and the loop function are denoted by ηi and DW (i), re-
spectively. The top quark loop function is given as [9]:

DW (3) =
xt

8

{
xt + 2
xt − 1

+
3xt − 6

(xt − 1)2
lnxt

}
, (2.2)

where xt = m2
t /m2

W . The corresponding QCD correction
factor has been estimated as η3 = 0.985 for 170 GeV ≤
mt ≤ 190 GeV [10]. The charm quark loop function with
the QCD correction is numerically given as η2DW (2) =
λ4 × (0.40 ± 0.06) [4] where λ ≡ |V12|. The error is due to
uncertainties in the charm quark mass and higher order
QCD corrections. Then, summing up the three generations
of neutrino, the branching ratio is expressed as [11]

Br(K+ → π+νν)

= 3 × G2
F

192π3

(
α(mZ)

2π sin2 θW

)2∣∣∣∣fK+π+

+ (0)
∣∣∣∣
2

×I(mK+ , mπ+)τK+

×
∣∣∣∣V ∗

32V31η3DW (3) + V ∗
22V21η2DW (2)

∣∣∣∣
2

= 1.57 × 10−4
∣∣∣∣V ∗

32V31η3DW (3) + V ∗
22V21η2DW (2)

∣∣∣∣
2

,

(2.3)

where τK+ denotes the lifetime of the K+ meson. The
function I(mK+ , mπ+) gives the phase space factor and
the form factor fK+π+

+ (0) contains the SU(3)-breaking
quark mass effects. The explicit form of I(mK+ , mπ+) can
be found in [11]. With the above estimates for the loop
functions and the QCD correction factors, the branching
ratio is predicted to be [12]

Br(K+ → π+νν)SM = (9.1 ± 3.8) × 10−11 (2.4)

in the SM, where the error is dominated by the uncertain-
ties of the CKM matrix elements.

The effective Lagrangian of the B0-B0 mixing in the
SM is expressed by

L∆B=2
eff =

G2
F M2

W

4π2 dγµPLb dγµPLb

×
∑

i,j=2,3

V ∗
i1Vi3V

∗
j1Vj3 FW

V (i, j). (2.5)

Likewise, L∆S=2
eff for the K0-K0 mixing is obtained by

replacing Vi3 with Vi2, and the b-quark operators with the
s-quark ones, respectively. The loop function FW

V (i, j) is
given by [9]

FW
V (i, j) = −1

4
xixj

{
x2

i − 8xi + 4
(xi − xj)(xi − 1)2

lnxi

+
x2

j − 8xj + 4
(xj − xi)(xj − 1)2

lnxj

− 3
(xi − 1)(xj − 1)

}
, (2.6a)

FW
V (i, i) = −1

4

(
xi

xi − 1

)2

×
{

xi − 11 +
4
xi

+
6xi

xi − 1
lnxi

}
, (2.6b)

where xi is defined by xi ≡ m2
ui

/m2
W . The B-meson mix-

ing parameter xd is defined by xd ≡ ∆MB/ΓB , where
∆MB and ΓB correspond to the B-meson mass differ-
ence and the average width of the mass eigenstates, re-
spectively. The mass difference is induced by the above
∆B = 2 operator (2.5) and we can express the mixing
parameter xd in the SM as

xd =
G2

F

6π2 M2
W

MB

ΓB
f2

BBB

∣∣V ∗
31V33

∣∣2ηB

∣∣FW
V (3, 3)

∣∣, (2.7)

where fB , BB and ηB denote the decay constant of B0-
meson, the bag parameter of B0-B0 mixing and the short-
distance QCD correction factor, respectively.

For the K0-K0 system, it is known that the theoretical
prediction for the mass difference ∆MK cannot be given
precisely because it receives the large long-distance contri-
butions. On the other hand, the CP-violating parameter
εK is dominated by the short-distance contributions which
are given by the imaginary part of the same box diagram
of the B0-B0 transition besides the external quark lines.
We can express the εK parameter in the SM as

εK = −eiπ/4 G2
F

12
√

2π2
M2

W

MK

∆MK

×f2
KBKIm

{
(V ∗

31V32)
2ηK33F

W
V (3, 3)

+(V ∗
21V22)

2ηK22F
W
V (2, 2)

× + 2(V ∗
31V32V

∗
21V22)ηK32F

W
V (3, 2)

}
, (2.8)
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where fK , BK and ηKij represent the decay constant, the
bag parameter and the QCD correction factors, respec-
tively.

Experimentally, both xd and εK parameters have been
measured as [6]

xd = 0.73 ± 0.05, (2.9a)
|εK | = (2.23 ± 0.013) × 10−3. (2.9b)

In theoretical estimation of these quantities, non-negligible
uncertainties come from the evaluations of the QCD cor-
rection factors and the hadronic matrix elements. In our
analysis, we adopt the following values:

ηB = 0.55 ± 0.01 [13],√
BBfB = (220 ± 40) MeV [14], (2.10)

for the xd parameter, and

ηK33 = 0.57 ± 0.01
ηK22 = 1.38 ± 0.20
ηK32 = 0.47 ± 0.04


 [13,15], BK = 0.75 ± 0.15 [12].

(2.11)

for the εK parameter.
Next, we consider the new physics contributions to

these quantities, Br(K+ → π+νν) (2.3), xd (2.7), and
εK (2.8). In those class of new physics models which have
the same FCNC structure with that of the SM, the effec-
tive Lagrangians can be obtained by replacing DW (i) with
Dnew(i) in (2.1), and FW

V (i, j) with F new
V (i, j) in (2.7) and

(2.8). Then, the effective Lagrangians of these processes
in the new physics sector should have the following forms;

LK+

new =
GF√

2
2α(mZ)

π

1
sin2 θW

×νγµPLν V ∗
32V31 sγµPLd Anew, (2.12a)

L∆B=2
new =

G2
F M2

W

4π2 dγµPLb dγµPLb

×(V ∗
31V33)

2 Bnew, (2.12b)

L∆S=2
new =

G2
F M2

W

4π2 dγµPLs dγµPLs

×(V ∗
31V32)

2 Bnew. (2.12c)

It should be noticed that the new physics contributions to
the ∆B = 2 (2.12b) and the ∆S = 2 (2.12c) processes are
expressed by the same quantity Bnew.

There are two cases in which the effective Lagrangians
can be given by the above forms. First, if the contributions
from the first two generations do not differ much, i.e.,

Dnew(2) ≈ Dnew(1), (2.13a)
F new

V (i, 1) ≈ F new
V (i, 2), (2.13b)

the net contributions from the new physics are written by
using the unitarity of the CKM matrix as;∑

i

V ∗
i2Vi1D

new(i)

≈ V ∗
32V31

{
Dnew(3) − Dnew(1)

}
, (2.14a)∑

i,j

V ∗
i1VikV ∗

j1VjkF new
V (i, j)

≈ (V ∗
31V3k)2

{
F new

V (3, 3) + F new
V (1, 1)

−F new
V (3, 1) − F new

V (1, 3)
}
, (2.14b)

for k = 2, 3. We can now define the parameters Anew and
Bnew as

Anew ≡ Dnew(3) − Dnew(1), (2.15a)
Bnew ≡ F new

V (3, 3) + F new
V (1, 1)

−F new
V (3, 1) − F new

V (1, 3). (2.15b)

Second, if the contributions from both the first two gen-
erations are negligible as compared with those of the 3rd
generation, i.e.,

Dnew(3) � Dnew(1), Dnew(2), (2.16a)
F new

V (3, 3) � F new
V (1, j), F new

V (2, j),
F new

V (3, 1), F new
V (3, 2), (2.16b)

the parameters Anew and Bnew become

Anew = Dnew(3), (2.17a)
Bnew = F new

V (3, 3). (2.17b)

Now, the effects of the new physics contributions to
these processes can be evaluated by the following ratios

R1 =
FW

V (3, 3) + Bnew

FW
V (3, 3)

, (2.18a)

R2 =
DW (3) + Anew

DW (3)
. (2.18b)

Once a model of new physics is specified, we can quan-
titatively estimate the new contributions in terms of R1
and R2. The parameter R1 in (2.18a) has been introduced
in [16] to measure the MSSM contributions to the xd and
εK parameters. Both R1 and R2 parameters converge to
unity as the new physics contributions are negligible,

R1, R2 −→ 1 for Anew, Bnew −→ 0. (2.19)

In the following, we consider the cases where the net
contributions from new physics do not exceed those of
the SM: Anew < |DW (3)| and Bnew < |FW

V (3, 3)|. Then
we study constraints on R1, R2 from experimental results
in the region of 0 < R1, R2 < 2. For instance, in the
MSSM and the THDM, predictions are found in the region
0 < R1, R2 < 2 as shown in Sect. 4.

3 Constraints on the new physics
contributions to FCNC processes

If new physics contributions to xd, εK and Br(K+ → π+νν)
are sizable, the effects can be detected as deviations of R1
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Fig. 1. The 1-σ (39% CL) allowed region from the experimen-
tal results of the B0-B0, K0-K0 mixings. The range between
the two solid lines is the allowed region of cos δ in the SM

and R2 from unity. In practice, experimentally measur-
able quantities are products of the R1 or R2 by the CKM
matrix elements. In the standard parametrization of the
CKM matrix, the uncertainty in the CP-violating phase
δ dominates that of the CKM matrix elements [6]. Hence,
together with R1 and R2, we allow cos δ to be fitted by
the measurements of xd, εK and Br(K+ → π+νν). For this
reason, constraints on R1 and R2 are correlated through
cos δ.

We perform the χ2-fit for two parameters R1 and cos δ
by using experimental data of xd and εK . In our fit, we
take into account of the theoretical uncertainties which
are given in (2.10), (2.11) and

|V12| = 0.2205
|V23| = 0.041 ± 0.003

|V13/V23| = 0.08 ± 0.02


 [6],

mt = 175.6 ± 5.5 GeV [17], (3.1)

where the error of |V12| can be safely neglected. We find

cos δ = 0.36 ± 0.83

R1 = 0.93 ± 0.75

}
ρcorr = 0.90. (3.2)

Because of the strong positive correlation between the
errors, only the following combination is effectively con-
strained;

R1 = 0.61 + 0.89 cos δ ± 0.33. (3.3)

We show the 1-σ (39%) allowed region of cos δ and R1
in Fig. 1. In the figure, there is small region which cor-
responds to 1 ≤ cos δ where the flavor mixing does not
obey the CKM mechanism. The range of cos δ along the
R1 = 1 line is the allowed region of cos δ in the SM: 0.08 .
cos δ . 0.78. We can read off from Fig. 1 that the current
experimental data of xd and εK parameters constrain the
new physics contributions within 0.18 . R1 . 1.68.

Next we examine the constraint on R2. Although the
recent observation of one candidate event is unsuitable to
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Fig. 2. The 1-σ allowed regions of R1, R2 parameters. Three
contours are corresponding to cos δ = 0.36 (solid line), cos δ =
−0.47 (dotted line) and cos δ = 1.19 (dashed line), respectively

include in the actual fit, we can expect that the data will
be improved in the near future. In the following, we adopt
the central value of the SM prediction as the mean value
of Br(K+ → π+νν) and study consequences of improved
measurements. With several more events, the branching
fraction can be measured as Br(K+ → π+νν) = (0.9 ±
0.4) × 10−10. Then the combined result with xd and εK
parameters can be found as

cos δ = 0.36 ± 0.83

R1 = 0.93 ± 0.75

R2 = 1.14 ± 0.53


 ρcorr =


1 0.90 0.68

1 0.62
1


 . (3.4)

In Fig. 2, the results are shown on the R1-R2 plane for
three values of cos δ; cos δ = 0.36 (mean value), −0.47
(mean value − 1σ) and 1.19 (mean value + 1σ). Using this
result, we can discuss about constraints on the new physics
contributions to these processes on the R1-R2 plane for a
given value of cos δ.

4 Constraints on MSSM and THDM
contributions to the FCNC processes

Our assumptions on the properties of new physics for
FCNC processes in B or K meson systems are naturally
satisfied in both the MSSM and the THDM. Predictions
on those processes in the contexts of the MSSM and the
THDM have been studied in [16,18–20] for B0-B0, K0-K0

mixings, and [21–23] for K+ → π+νν process. In this sec-
tion, we evaluate the R1, R2 parameters in both models
and find constraints on them from the result in the previ-
ous section.

In the MSSM based on N = 1 supergravity [7], de-
generacy of squark masses between the first two genera-
tions holds in good approximation. The interaction ver-
tices among down-type quarks (di), up-type squarks (ũj)
and charginos (ω̃) are proportional to the CKM matrix
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elements Vij . Since the top-quark mass could induce the
large left-right mixing in the t-squark sector, one of the
t-squarks in the mass eigenstates can become lighter than
the other squarks. Presence of such a light t-squark weak-
ens the unitarity cancellation among the chargino–uj-
squark exchange diagrams. Therefore the sizable new con-
tributions to the processes may arise from the lighter t-
squark and chargino exchange diagram.

The MSSM has the physical charged Higgs boson as a
consequence of the supersymmetric extension of the Higgs
sector. The interactions among the charged Higgs boson
and quarks are the same with those of the type II-THDM
[8]. The charged Higgs boson interacts with di and uj-
quarks through the Yukawa interactions which are propor-
tional to the corresponding quark masses. As a result, the
charged Higgs boson contributions to the FCNC processes
are dominated by its interaction with the top-quark.

There are other sources of FCNC in the MSSM—the
interactions among di-quark, down-type squarks and neu-
tralinos or the gluino. For tanβ ∼ O(1), where tanβ is
the ratio of the vacuum expectation values of two Higgs
fields, the left-right mixing in the down-type squark sec-
tor is not so large because of the smallness of the down-
type quark mass. Furthermore, it has been studied that
these diagrams do not give sizable contributions to the
FCNC processes for tan β . 10 [19,23]. Hence we study
in the region tanβ . 10 where their contributions are
overwhelmed by the t-squark–chargino and the charged
Higgs boson–top-quark contributions.

The expressions for R1 in the MSSM and the THDM
can be found in [16]. The MSSM contribution to the decay
process K+ → π+νν is expressed by using Dnew as follows

Dnew(i) =
∑

m,n,k,α,β

DC(i, m, n; `, k;α, β) + DH(i, `),

(4.1)
where DC(i, m, n; `, k;α, β) and DH(i, `) represent the
chargino and the charged Higgs boson contributions, re-
spectively. The chargino contribution DC is given by

DC(i, m, n; `, k;α, β) = D
(1)
C + D

(2)
C + D

(3)
C + D

(4)
C ,

(4.2)

and

D
(1)
C = −1

4

(
−1

2
+

1
3

sin2 θW

)
|Fα

im|2f1(sα, rim), (4.3a)

D
(2)
C = −1

4
Fα∗

imF β
im

{
BL

αβf2(sα, sβ , rim)

+BR
αβf3(sα, sβ , rim)

}
, (4.3b)

D
(3)
C = −1

4
Fα∗

imFα
inDi

mnf4(rim, rin, sα), (4.3c)

D
(4)
C =

1
16

Fα
imF β∗

imGα∗
`k Gβ

`kY1(sα, sβ , rim, t`k), (4.3d)

where the indices (i, `) denote the squark and slepton gen-
erations while (m, n, k) represent two squarks or sleptons

for each generation. The indices (α, β) stand for the two
charginos. The terms rim, t`k and sα are defined by

r11 = r21 =
m2

ũL

M2
W

, r12 = r22 =
m2

ũR

M2
W

,

r3k =
m2

t̃k

M2
W

, t11 = t21 = t31 =
m2

ẽL

M2
W

,

t12 = t22 = t32 =
m2

ẽR

M2
W

, sα =
m2

ω̃α

M2
W

.

(4.4)

The coupling constants Fα
im, B

L(or R)
αβ , Di

mn and Gα
`k, and

the loop functions f1 ∼ f4 and Y1 are explicitly shown in
Appendices A and B. By using the unitarity of the CKM
matrix and the degeneracy of the squark masses between
the first two generations, we obtain

V ∗
i2Vi1DC(i, m, n; `, k;α, β)

= V ∗
32V31

{
DC(3, m, n; `, k;α, β)

−DC(1, m, n; `, k;α, β)
}

, (4.5)

and the chargino contribution Anew ≡ AC is given by

AC ≡
∑

m,n,k,α,β

{
DC(3, m, n; `, k;α, β)

−DC(1, m, n; `, k;α, β)
}

. (4.6)

The charged Higgs boson contribution DH(i, `) is given
by

DH(i, `) = DHZ(i) + DHH(i, `) + DHW (i, `), (4.7)

and

DHZ(i) = −1
8
xi cot2 β

[
zi

(zi − 1)2
ln zi − zi

zi − 1

]
,

(4.8a)

DHH(i, `) =
1
16

xiz̃`Y1(xH , xH , xi, z̃`), (4.8b)

DHW (i, `) =
√

xiz̃`

2
Y2(xH , 1, xi, z̃`)

+
1
8
xiz̃`Y1(xH , 1, xi, z̃`), (4.8c)

xH =
m2

H

m2
W

, zi =
m2

ui

m2
H

, z̃` =
m2

e`

m2
H

, (4.8d)

where the indices (i, `) correspond to the quark and lep-
ton generations, respectively. mH being the charged Higgs
boson mass and β is defined as tanβ ≡ v2/v1, v1 and v2
are the vacuum expectation values of the Higgs fields of
the hyper-charge Y = −1/2 and Y = +1/2, respectively.
The loop function Y2 is given in Appendix B. Due to the
smallness of the Yukawa couplings for light quarks, the
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Fig. 3. The MSSM contributions to R1, R2 parameters for tan β = 2 (left) and tan β = 8 (right). The
1-σ allowed region of R1, R2 parameters for cos δ = 0.36 is also shown

top-quark loop functions (i = 3) give dominant contribu-
tions. Then we can write the charged Higgs contribution
as

AH ≡ DH(3, `). (4.9)
From (4.6) and (4.9), R2 in the MSSM is defined as

R2 ≡ DW (3) + AC + AH

DW (3)
. (4.10)

The MSSM has several unknown parameters. In order
to reduce the number of input parameters in numerical
study, we express the soft SUSY breaking scalar masses
in the squark and the slepton sectors by a common mass
parameter m0. Also taking the scalar trilinear coupling Af

(f denotes squarks or sleptons) as Af = m0, the MSSM
contributions can be evaluated by using four parameters,
m0, tanβ, the higgsino mass term µ and the SU(2) gaugino
mass term m2. In our study, these parameters are taken
to be real. In Fig. 3, we show the MSSM contributions to
R1, R2 parameters with the constraints on these parame-
ters for cos δ = 0.36. The numerical study was performed
in the range of 100 GeV < m0 < 1 TeV, |µ| < 200 GeV
and m2 = 200 GeV for tanβ = 2 and 8. We fixed the
charged Higgs boson mass at mH = 200 GeV. This is the
reason why the MSSM contributions do not converge to
R1 = 1 in Fig. 3. We take into account the recent estima-
tion of lower mass limits for lighter t-squark and lighter
chargino [24]: 80 GeV ≤ mt̃1 and 91 GeV ≤ mω̃1. The
MSSM contribution to R1 interferes with that of the SM
constructively [16,19,25]. On the other hand, the contri-
bution to R2 interferes with that of the SM both construc-
tively and destructively.

The THDM contribution to R2 is given by setting
DC = 0 in (4.10):

R2 ≡ DW (3) + AH

DW (3)
. (4.11)

We show in Fig. 4 the charged Higgs contribution to R1, R2
parameters for tan β = 2 and cos δ = 0.36. Contrary to the
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Fig. 4. The THDM contributions to R1, R2 parameters for
tan β = 2. The 1-σ allowed region of R1, R2 parameters for
cos δ = 0.36 is also shown

case of the MSSM, the THDM contribution constructively
interferes with the SM contribution for both R1 and R2.
Here we show the case of tan β = 2 only. The Yukawa
interaction between the top-quark and the charged Higgs
boson is proportional to 1/ tan2 β. Thus constraints on
the THDM contribution to these quantities are weakened
together with the increase of tan β.

5 Summary

We have studied impacts on searching for signatures of
new physics beyond the SM from some FCNC processes –
B0-B0, K0-K0 mixings and the rare decay K+ → π+νν.
For a certain class of models of new physics, we showed
the extra contributions to the FCNC processes can be
parametrized by its ratio to the SM contribution with the
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common CKM matrix elements. Two parameters R1 and
R2 were introduced to estimate the new physics contribu-
tions to B0-B0, K0-K0 mixings and K+ → π+νν decay,
respectively. Then the new physics contributions are eval-
uated from experimental data by using these parameters
and cos δ.

Taking account of both experimental and theoretical
uncertainties for the B0-B0 and K0-K0 mixings, con-
straints on the new physics contribution to R1 and cos δ
were shown: the allowed range of R1 is 0.18 . R1 . 1.68.
With the assumption that the future data of Br(K+ →
π+νν) will be close to the SM prediction, constraints on
cos δ, R1 and R2 were found. The results were applied to
the MSSM and the THDM contributions to those pro-
cesses. Our study will become useful if the measured value
of Br(K+ → π+νν) is close to the SM prediction. Then,
we may expect to obtain the constraints on the new physics
parameters through R1 and R2.

Acknowledgements. The author thanks to K. Hagiwara, Y.
Okada and Y. Shimizu for discussions and comments. This
work is supported in part by Grant-in-Aid for Scientific Re-
search from the Ministry of Education, Science and Culture of
Japan.

Note added: While we were preparing this paper, we
found [23], where a parametrization of new physics con-
tributions to K+ → π+νν is proposed and consequences of
the SUSY-SM are studied. Their parametrization is sim-
ilar to ours besides that they define the parameter R2
(denoted as rK in their paper) as a complex parameter.
Our result of the MSSM contributions to the decay process
is consistent with theirs. Correlation between the MSSM
contributions to K+ → π+νν and the xd, εK parameters
are not discussed in their paper.

Appendix A: Masses and coupling constants
in the MSSM

In this appendix, we give the explicit forms of coupling
constants in (4.3). We first introduce the squark, slepton
and chargino masses. The squark masses in the first and
the second generations are given by

m2
ũL = m2

c̃L

= m2
Q + cos 2β(

1
2

− 2
3

sin2 θW )m2
Z ,

m2
ũR = m2

c̃R = m2
U +

2
3

cos 2β sin2 θW m2
Z , (A.1)

where the corresponding quark masses can be safely ne-
glected. The parameters mQ and mU are the soft SUSY
breaking squark masses for the SU(2) doublet and the sin-
glet, respectively. The angle β is defined by tanβ = v2/v1,
where v1, v2 are the vacuum expectation values of the
Higgs doublets. The squared mass matrix for the t-squark

is given by

M2
t̃ =

(
m2

ũL + m2
t −mt(µ cot β + At)

−mt(µ cot β + At) m2
ũR + m2

t

)
, (A.2)

where the dimensionful parameter At and µ denote the
scalar trilinear coupling and the higgsino mass term, re-
spectively. The mass matrix M2

t̃
can be diagonalized by

using the unitary matrix St,

StM
2
t̃ S†

t = diag(m2
t̃1, m

2
t̃2) (m2

t̃1 < m2
t̃2). (A.3)

The charged slepton masses are given by

m2
ẽL = m2

µ̃L = m2
τ̃L

= m2
L + cos 2β(−1

2
+ sin2 θW )m2

Z ,

m2
ẽR = m2

µ̃R = m2
τ̃R

= m2
E − cos 2β sin2 θW m2

Z , (A.4)

where mL and mE represent the soft SUSY breaking slep-
ton masses for the SU(2) doublet and the singlet, re-
spectively. We neglected the corresponding charged lepton
masses.

The chargino mass matrix is given by

M− =
(

m2
√

2MW cos β√
2MW sinβ µ

)
, (A.5)

where m2 is the SU(2) gaugino mass. We can obtain the
mass eigenstates by using two unitary matrices CR and
CL;

C†
RM−CL = diag(m̃ω1, m̃ω2) (m̃ω1 < m̃ω2). (A.6)

The couplings constants Fα
ij , Bk

αβ (k = L, R), Di
`m and

Gα
ij in (4.3) are given as;

Fα
11 = Fα

21 =
√

2C∗
R1α, Fα

12 = Fα
22 = 0,

Fα
3j =

√
2C∗

R1αStj1 − mt

MW sinβ
C∗

R2αStj2


 , (A.7)

Bk
αβ = −C∗

k1αCk1β

−1
2
C∗

k2αCk2β + δαβ sin2 θW , (A.8)

D3
`m =

(
1
2

− 2
3

sin2 θW

)
St`1S

∗
tm1

−2
3

sin2 θW St`2S
∗
tm2, (A.9)

Gα
11 = Gα

21 = Gα
31 =

√
2C∗

L1α,

Gα
12 = Gα

22 = Gα
32 = 0

}
, (A.10)

where the expressions for the first two generation of
squarks in (A.9) can be obtained by replacing St with
the unit matrix.



532 G.-C. Cho: Impacts on searching for signatures of new physics from K+ → π+νν decay

Appendix B: Loop functions

The loop function f1 ∼ f4 in (4.3a)∼(4.3d) are given as;

f1(x, y)

=
1
4

+
1
2

x

x − y

−1
2

{
ln y +

(
x

x − y

)2(
lnx − ln y

)}
, (B.1)

f2(xi, xj , y)

= −√
xixj

{
xi lnxi

(xi − xj)(xi − y)
+

xj lnxj

(xj − xi)(xj − y)

+
y ln y

(y − xi)(y − xj)

}
, (B.2)

f2(x, x, y)

= − x

y − x

{
y

y − x

(
ln y − lnx

)
− 1
}

, (B.3)

f3(xi, xj , y)

=
1
2

{
x2

i lnxi

(xi − xj)(xi − y)
+

x2
j lnxj

(xj − xi)(xj − y)

+
y2 ln y

(y − xi)(y − xj)

}
− 1

4
, (B.4)

f3(x, x, y)

=
1
2

{(
y

y − x

)2

(ln y − lnx)

+ lnx − x

y − x

}
− 1

4
, (B.5)

f4(xi, xj , y)

= f3(xi, xj , y) − 1
2
, (B.6)

f4(x, x, y)

= f3(x, x, y) − 1
2
. (B.7)

The loop functions Y1, Y2 which come from the box
type diagrams are given by;

Y1(rα, rβ , si, sj)

=
r2
α

(rβ − rα)(si − rα)(sj − rα)
ln rα

+
r2
β

(rα − rβ)(si − rβ)(sj − rβ)
ln rβ ,

+
s2

i

(rα − si)(rβ − si)(sj − si)
ln si

+
s2

j

(rα − sj)(rβ − sj)(si − sj)
ln sj , (B.8)

Y1(rα, rα, si, sj)

=
rα(si + sj) − 2sisj

(si − rα)2(sj − rα)2
rα ln rα

− rα

(si − rα)(sj − rα)

+
s2

i

(rα − si)2(sj − si)
ln si

+
s2

j

(rα − sj)2(si − sj)
ln sj , (B.9)

Y1(rα, rβ , si, si)

=
r2
α

(rβ − rα)(si − rα)2
ln rα

+
r2
β

(rα − rβ)(si − rβ)2
ln rβ

+
(rα + rβ)si − 2rαrβ

(rα − si)2(rβ − si)2
si ln si

− si

(rα − si)(rβ − si)
, (B.10)

Y1(rα, rα, si, si)

= − 2rαsi

(si − rα)3
ln rα

− 2rαsi

(rα − si)3
ln si − rα + si

(rα − si)2
, (B.11)

Y2(rα, rβ , si, sj)

=
√

sisj

[
rα

(rβ − rα)(si − rα)(sj − rα)
ln rα

+
rβ

(rα − rβ)(si − rβ)(sj − rβ)
ln rβ

+
si

(rα − si)(rβ − si)(sj − si)
ln si

+
sj

(rα − sj)(rβ − sj)(si − sj)
ln sj

]
, (B.12)

Y2(rα, rα, si, sj)

=
√

sisj

[
r2
α − sisj

(si − rα)2(sj − rα)2
ln rα

− 1
(si − rα)(sj − rα)

+
si

(rα − si)2(sj − si)
ln si

+
sj

(rα − sj)2(si − sj)
ln sj

]
, (B.13)

Y2(rα, rβ , si, si)

= si

[
rα

(rβ − rα)(si − rα)2
ln rα

+
rβ

(rα − rβ)(si − rβ)2
ln rβ

+
s2

i − rαrβ

(rα − si)2(rβ − si)2
ln si
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− 1
(rα − si)(rβ − si)

]
, (B.14)

Y2(rα, rα, si, si)

= si

[
− rα + si

(si − rα)3
ln rα

− rα + si

(rα − si)3
ln si − 2

(rα − si)2

]
. (B.15)
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