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Abstract. We study the potential of the measurement of the transverse muon polarization Pr in the
K — pv,y decay with a sensitivity of 8Pr ~ 107*. It is shown that the forthcoming experiment can
measure the contribution of the electromagnetic final state interactions to Pr that gives a possibility
to unambiguously determine the signs of the sum of the kaon form factors Fyv and Fa even without
fixing their difference. We also estimate the sensitivity of this experiment to the new physics, which could
give rise to T-violation: multi-Higgs doublet models, supersymmetric extensions of the Standard Model,

left-right symmetric model and leptoquark models.

1 Introduction

In spite of remarkable progress in the study of C P-violation
phenomena in both K and B sector there remains an in-
teresting issue. The Standard Model (SM) successfully de-
scribes existing experimental data by a single phase of
the CKM matrix, although it is hard to believe that this
phase is the only source of C' P-violation. For example, the
baryon asymmetry of the universe cannot be explained by
the CKM phase only, and at least one additional source
of C'P-violation is required.

A good place to look for new CP-violating phases is
a measurement of processes where the SM CP-violation
is vanishing or very suppressed, while additional or al-
ternative sources of C P-violation can produce a sizable
effect. Such interesting observables are the electric dipole
moment of the neutron, which is extremely small in the
SM, and the transverse lepton polarization in three-body
decays of kaons and B-mesons [1-3].

In this paper, we study the T-odd muon polarization
in the decay K+ — ptv,y (K,2,). Namely, we investi-
gate the possibility to measure the vector and axial-vector
kaon form factors, Fy and Fj, from the T-odd muon po-
larization emerging due to the electromagnetic final state
interactions (FSI). Also we analyze potential contributions
to Pr from various extensions of the SM. In this study we
focus on the Dalitz plot region where K2, events have
a large angle between photon and muon momenta. This
is the region where T-odd muon polarization exhibits the
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best sensitivity to Fy and Fa. Moreover, we found that in
this region the ratio of the possible contribution to Py from
new physics and the FSI contribution to Pp becomes the
largest. Hence, the analysis of the K2, events at large 0
will provide the best accuracy in the measurement of the
relevant parameters of the new physics or the strongest
constraints on them.

It is found that the Py dependence on the kaon form
factors gives a possibility to unambiguously determine in
K, 5, decay the signs of the sum of the kaon form factors
without fixing their difference. Combined with a measure-
ment of the normal muon polarization, which is very sen-
sitive to Fy and Fa [13], this allows the values of the kaon
form factors to be unambiguously extracted with 1% ac-
curacy from this experiment. Investigating the prospects
of new experiments in searching for new physics we show
that, generally, they are limited mostly by the uncertainty
in FSI predictions rather than by the anticipated statisti-
cal error.

The outline of this paper is as follows. In Sect.2 we
introduce the parameters describing the muon transverse
polarization Pr in the K 2, decay, recall the relevant for-
mulae and estimate the expected sensitivity to Pr in forth-
coming experiments. In Sect. 3, an approach to determine
the signs of the sum of the kaon form factors from the FSI
polarization is discussed and the accuracy of this method
is estimated. In Sect.4 we study in general the discovery
potential of the Pr measurements in the search for new
physics. Using this analysis, we estimate in Sect.5 the
upper bounds on the Pr in multi-Higgs doublet models,
supersymmetric extensions of the Standard Model, left—
right symmetric model and leptoquark models. Section 6
contains conclusions and final remarks.
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2 Transverse muon polarization in K, 5, decay
2.1 General description

Introducing the three unit vectors

Pu o pux(qXpu)

_ _ qxp,
- 3 N — )
1P, [Py X (4 X pu)l

eL er =",
|q X pul

with p, and ¢ being the four-momenta of y* and ~, re-
spectively, one can define longitudinal (P,), normal (Py)
and transverse (Pr) components of the muon polarization
as the corresponding contributions to the squared matrix
element of the K5, decay,

|M[* = po[1 + (PLeL + Pxex + Prer) - €],
with & being a unit vector along the muon spin, and pg is
1
po(w,y) = ieQG%|Vu8|2(1 =)

x {fis(z,y) + fsp(z,y) + fissp(z,9)}

where the internal bremsstrahlung (IB), structure depen-
dent (SD) and interference contributions (IBSD) are given
by [3-5]

4 2 f 2
o= BT s 10 )]
2
fsp = mica? [|Fv + FA|21>; S (1 —r— %“)
+|Ey FAIQ(yA)] ) (2)
2 * Tp,
Jsp = —dmgmy, |:Re[fK(FV + Fa)"] (1 -z — 7)

— Re[fr (Fv — FA)*]m

Here we used the standard notation A = (z+y—1—r,)/z,
rp = mi/mi, and x = 2E,/mg, y = 2E,/mg with
E,, E,, being the photon and muon energies in the kaon
rest frame, respectively; G is the Fermi constant, Vg
is the corresponding element of the Cabibbo—Kobayashi—
Maskawa (CKM) matrix and fx = 159.8 MeV is the kaon
decay constant. In terms of these variables the differential
decay width reads

mg

Toiame M (@ §)Pdrdy.

ar() =

The transverse muon polarization Py is determined using
the partial decay width

_dI'(er) —dI'(—er) pr (4)

P =
T 7 dl(er) +dl(—er) ~ po

This is a T-odd observable (both P, and Py are T-even);
hence in the T-invariant theory its value equals zero at tree
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level. Moreover, Pr does not have tree-level contributions
from the C'P-violating phase in the CKM matrix. These
two features make Pr a very promising observable for new
C P-violating physics searches. At the same time, as will be
seen in Sect. 3, the analysis of loop contributions from the
Standard Model (FSI) is also of special physical interest.

2.2 Experimental sensitivity to Pt

For the following analysis let us estimate the level of pre-
cision which could be achieved experimentally.

The running E246 experiment at KEK [6] dedicated
to a measurement of Pr in the decay K+ — 7°u*tv has
only a limited sensitivity of about 1072 to Pr in K2+ [7].
There is a proposal for a new experiment in which a sta-
tistical sensitivity Pr < 107* in K2, can be reached [8].
The main features of this experiment include a high resolu-
tion measurement of neutral particles from K3 and K2,
decays, usage of an active muon polarimeter which pro-
vides information about stopped muons (stopping point,
momentum), positron direction, and which also detects
photons, and a highly efficient photon veto system cov-
ering nearly 47 solid angle. This approach allows one to
accumulate K2, events for all § angles between photon
and muon momenta due to the efficient photon veto de-
tector. This system eliminates Ko decays which are the
main background source at large 6.

Using parameters of the proposed detector [8] and the
kaon beam intensity of about 107 K+ per second expected
at the JHF [9] one can estimate the sensitivity to Pr which
could be achieved in this experiment. With an analyzing
power of the detector ~ 0.3 and a kinematical attenuation
factor ~ 0.8, the expected sensitivity to Pr in some region
R of the Dalitz plot can be expressed as

dPr(R) (5)

1
~03-08,/Nk,,,(R)’

where N, (R) is the number of K 5, events in the region
R. In this experiment, the most effective suppression of
background events is anticipated to occur in the kinematic
region with E, > 20MeV, E, > 200MeV. There the
number of K5, events accumulated for one year running
period is estimated to be 3 x 10'°. In what follows we adopt
these cuts as well as the number of events.

The branching ratio of this decay for £, > 20 MeV
and E, > 200MeV integrated over 10° wide bins in § is
presented in Fig.1. From this plot one can estimate the
sensitivity to Pr in various 6 regions.

3 FSI and pinning down the kaon form factors
3.1 Predictions and experimental data

Due to lack of understanding of the QCD low-energy struc-
ture, there is no definite prediction for the values of the Fy
and Fa form factors: the calculation of these is a model
dependent procedure. So the measurement of these form
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Fig. 1. Branching ratio for K2, decay for 10° wide bins
in 0; E, > 20MeV, E, > 200MeV. The dependence of this
branching ratio on the values of the Fyv, Fa form factors is
quite weak

factors would give a possibility to make a choice between
various candidates for the correct description of the QCD
low-energy limit.

The distribution of the K, decay width over the
Dalitz plot allows only the absolute values of the sum
and difference of the kaon form factors to be measured,
since the term figsp (see (3)) is small. The terms with
a linear and quadratic dependence on Fy and Fa give a
comparable contribution in some regions of the Dalitz plot
that could, in principle, make it possible to measure the
signs as well as the magnitudes of the form factors. Un-
fortunately, in the region where the linear terms grow, the
dominant contribution to K2+ (internal bremsstrahlung;
see (1), which depends only on fx) also increases. That
significantly reduces the sensitivity of Dalitz plot measure-
ments to the kaon form factors. In practice, the situation is
even worse, since only the absolute value of the sum of the
kaon form factors has been measured with good accuracy
in these measurements, while their difference still has only
lower and upper bounds [10,11]:

|Fy + Fa| = 0.165 +0.013, (6)
—0.24 < Fy — Fy < 0.04. (7)

Recently, both vector and axial-vector form factors
have been measured in Kt — pty,ete” and KT —
etveeTe™ decays [12]. These decays are generalizations of
Ko, for the case of a virtual photon in the final state,
so the kaon form factors Fy and Fy are believed to be
the same in all these processes. The combined fit for both
four-body decay experiments results in

Fy=—0.1124+0.018,  Fj=-0.035+0020. (8)

These values are in a good agreement with O (p4) predic-
tions [4,14] of the chiral perturbation theory (ChPT):

Fy = —-0.096, Fp = —0.041 £ 0.006 . 9)
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3.2 Dependence on Q2

It is worth to note that actually Fyy and Fa are not con-
stants, but some functions of the momentum of the lep-
ton pair, Q? = (px — ¢)?, with px being the kaon four-
momentum. In ChPT the Q? dependence emerges due to
higher order corrections, which have not been calculated
yet. Their magnitude can be estimated to be

AF 2 m>
VA ~ Cg = (1 - LL’) 2K )
Fyoa my A My A

where my and ma are masses of the first strange hadronic
vector (K*) and axial-vector (K ) resonances, respectively.
This estimate implies corrections as large as 25%; hence the
experimental data on Kjo should be fitted with at least
two additional parameters, which generally decreases the
chances to determine Fy and F in Kj3, experiments.

In Kt — [tyete™ both vector and axial-vector form
factors get an additional dependence on the non-zero ¢
that also increases the bias in the corresponding fitting
procedure. In [12] the experimental data were fitted as-
suming constant form factors and form factors depending
on Q2 and ¢2,

FA
Fua(Q%¢%) = v.A

(1—¢*/m2)(1 - Q*/mi »)’
with m, being the mass of the p meson. This dependence
appears in the approximation of dominance of the contri-
bution of the lowest lying resonances [14]. The experimen-
tal data favor the dependence (10) over the constant Fy a,
though the accuracy achieved in this experiment did not
allow a definite confirmation or rejection to be reached of
the Q2, ¢* dependence.

The determination of the @2 dependence of the form
factors may be done in future experiments. In particular,
an analysis of the Py muon polarization in K2, decays can
improve our knowledge of the Fy s behavior for sure [13].
However, at present, the unknown Q2 dependence imports
some uncertainty into the predictions for the muon asym-
metry to be measured in future experiments. This concerns
an FSI contribution as well as a possible contribution from
new physics, since both are functions of the kaon form fac-
tors.

To avoid all these difficulties one can try to find a phys-
ical observable which strongly depends on Fy; and Fa and
can be measured with an accuracy sufficient to distinguish
the signs of kaon form factors in the K2, decay. This im-
plies that
(i) the observable we are interested in should exhibit a
linear dependence on Fy and Fa in some region of the
Dalitz plot;

(ii) in this region the differential partial width should be
sufficiently large;

(iii) the Q2-corrections in this region should be small
enough to unambiguously determine the sign of the kaon
form factors.

Below we consider the transverse muon polarization
calculated in the framework of the Standard Model as a
physical observable, which pins down the signs of kaon
form factors in K5, decay.

(10)
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Fig. 2. Pr distribution for different Fvv + Fa and Fa — Fy values. The imposed cuts E, > 20MeV, E, > 200MeV and the

region 120° < 6 < 160° are also shown

3.3 Final state interactions

In the framework of the Standard Model, the contribu-
tion to Pr emerges only at loop levels due to the FSI.
This contribution has recently been calculated [15] at one-
loop level. The expression for p§™(z,y) can be read from
[15] after changing the definitions of the form factors:
F\I;”Cf' [15] — —mgrFyv and FECf' [15] — mg Fa. The asym-
metry is positive at any relevant (z,y) and its absolute
value ranges from zero to 1.5 x 1073. The Dalitz plot
distribution of Pr for several values of the form factors
satisfying (6) and (7) is presented in Fig. 2.

3.4 Experimental prospects
for the determination of the form factors

The transverse muon polarization emerging from the FSI
exhibits the behavior we are looking for to pin down the
signs of the kaon form factors. Indeed, the muon trans-
verse polarization is sensitive to the signs of Fyy and Fla,
especially at large angles 6 between photon and muon mo-
menta.

To illustrate this point we present the Pr values inte-
grated over 10° intervals as a function of 8 in Fig.3. The
value of Pr associated with a bin 61 < 6 < 05 is determined
by

/ prdz dy
cuts, 01 <0<602
Pr(0y <0 <6,) = . , 11
NG 2) T o drdy (11)

cuts, 01 <6<62

where the additional relevant cuts are £, > 20 MeV, E,, >
200 MeV. We evaluate Pr for four different sets of form
factors corresponding to the boundaries of the allowed
intervals (6) and (7). One can see that the predictions for
Pr differ significantly, and in the region of large angles,
0 > 120°, the sign of Fy 4+ Fa can be unambiguously
determined from the Pp analysis only. Suppression of the
Ko decays becomes less efficient at very large 6 angles
because of the low efficiency of the detection of low-energy
photons from asymmetrical 70 decays, so we adopt the
region 120° < 6 < 160° as the realistic region with the
best sensitivity to the kaon form factors. The difference
between the Pr values increases with 6 and reaches its
maximum value at § ~ 150°, as seen from Fig. 3. Although
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Fig. 3. Pr (FSI) asymmetry for 10° wide bins in 6. The upper
region corresponds to negative Fv + Fa and the lower one to
positive values

the differential K>, branching ratio decreases at large
0, its value is still reasonable at large 6; see Fig.1. The
fraction of the K2, events within 120° < 6 < 160° is
about 7%. By making use of (5), the statistical sensitivity
to Pr in this Dalitz plot region is estimated to be

SPr(120° < 0 < 160°) ~ 1.0 x 107%, 10 level. (12)

To unambiguously determine the sign of Fy + F with-
out any additional data on the difference of the form fac-
tors, one has to be able to distinguish the Pr values with
Fy+Fa =0.165, FA—Fy = —0.24 and Fy+Fa = —0.165,
Fp — Fy = 0.04 (the two closest lines in Fig. 3). For these
two sets of form factors, the difference between Pr values
in the region 120° < # < 160° is 1.6 x 10~*, which allows
a determination to be made of the sign of the sum of the
form factors at the level of 1.60. Note that there is no
usual degeneracy related to the signs of the sum of the
form factors, that provides a possibility to pin down the
sign of the sum without fixing the difference.

If the difference between the form factors is measured
with a better precision than in (7) one has to compare
the situations with equal Fa — Fy and different signs of
the sum of the form factors, that gives the difference in
Prp values in the same region (120° < 6 < 160°) of (2.6—
3.6) x 107%, depending on the precise value of Fa — Fy.
Then the statistical sensitivity (12) allows one to determine
the signs at the level of 3—4o.

So measurement of Pr allows the signs of the form
factors to be distinguished. It is worth to note in passing
that at large 6 the main contribution to the Pr (FSI) comes
from the Dalitz plot region x > 0.4, where the uncertainty
associated with the momentum of the lepton pair Q? is
< 15%. This uncertainty is small enough to be neglected,
because it is significantly less than the difference in Pr for
the form factors of different signs; see Fig. 3.

Recently we found [13] that the normal muon polar-
ization Py is extremely sensitive to the values of the form
factors. Since measurement of Pp pins down the sign of
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the form factors, it will provide a possibility of an inde-
pendent cross-check of the results from the measurement
of Py in the future experiment [8], which will determine
Fy and Fu with an accuracy as high as 1% [13] based only
on its own experimental data.

4 New physics: general analysis
4.1 Standard parameterization

For a general investigation of the possible contribution of
some new C'P-violating sources to the transverse muon
polarization in K2, we first introduce the most general
four-fermion interaction

L= _%Vissva(l = )u Yall = y5)p

+ Gvdy*u - 774 (1 — v5)pp + GASY y5u - Dy6 (1 — v5) 1
+ Gssu- (14 vy5)u+ Gpdysu - (1 + v5)p + hec.,

where Gg, Gp, Gv, and G4, arising from new physics, de-
note scalar, pseudoscalar, vector, and axial-vector coupling
constants, respectively. Their contribution to the K 2. de-
cay amplitude may be taken into account by the redefini-
tion of the usual kaon form factors as follows:

fre = fx (14+ Ap + Anr),
Fy — Fv(l + Av),
FA — FA(l — AA),

with

V2 (GPBO

Ap.av) = 7GFV* ,GA,GV> .

My

The constant By is related to the quark condensate as
(0|gq|0) = —3 By f2, and may be evaluated from the masses
of kaon and quarks, By = M3z, /(m4+ ms) ~ 2 GeV. The
scalar-type interaction G's does not contribute to Ko
decay because of parity, and will not be considered below.
Note, however, that it contributes to the transverse muon
polarization in the K — n%uv,, (K,3) decays (while the
pseudoscalar interaction Gp does not).

The imaginary parts of the new coupling constants are
responsible for C'P-violation and could give rise to tree-
level contributions to the muon polarization [3-5],

1-AX
pr(z,y) = 7262G%|Vus|2m%{m#Tq/>\y - A2—r,
A Ty
T-x " (1 T T)

+Im [fr (Fv — FA)*]} .

X {Im [fx(Fv + Fa)”]

It is convenient to rewrite Pr(z,y) as

Pr(z,y) = P (z,y) + P (2,y),
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Fig. 5. FSI contribution to Pt for 10° wide bins in 6; the kaon
form factors are equal to the measured values (8)

with
Py (z,y) = ov(z,y)Im(As + Av),
Pi(z,y) = [ov(z,y) — oa(z,y)] Im(Ap),  (13)
where
_ 6.2,2 2.2
ov(@,y) = 2e°Gp|Vus|"mim, fx Fv
\/T my 7
% Ay )\ TM )\ 1 . (1 Cr Tl)

P0($7y) L A

oa(z,y) = 2620%\Vu8|2m%meKFA

VAY =A% —r, [A—
o Y Ty [A—1

pO(xvy) L )‘

4.2 Distribution over the Dalitz plot

To illustrate the sensitivity of the transverse muon polar-
ization to new physics we adopt the experimental values

Fig. 6. Pt for 10° wide bins in 6 at Im(Av 4+ Ax) = Im(Ap) =
1; the kaon form factors are equal to the measured values (8)

(8) for the kaon form factors and plot the Pr values in-
tegrated over 10° 6 intervals as a function of 6 (see the
definition (11)) in Fig. 5. The distributions of Py and P#
over the Dalitz plot are completely determined by the func-
tions oy (z,y) and [ov(x,y)—oa(x,y)], presented in Fig. 4.
Indeed, the values of new C P-violating coupling constants
provide only the normalization factors; see (13). To under-
stand the general behavior we present Py and P# values
for 10° wide bins in 6 at Im(Ay + Ap) = Im(Ap) =1 in
Fig. 6.

Comparing Figs. 5 and 6 one can realize that while both
FSI and new physics contributions are peaked at large 6,
the slope is steeper in the former case:

PY (0 ~150°)

PA(0 ~ 150°)
. ~ 20, ~
PY(6 ~ 20°)

R Y-
PA(6 ~ 20°) ’

PFSI(0 ~ 150°) n
PESH(@ ~200) —
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This shows that the sensitivity to new physics increases the
region of the Dalitz plot with large 6 angles. Indeed, the
best way to distinguish FSI and new physics contributions
is to compare the 6 dependence and Pr averaged over the
large angles, § = 120°-160°. For this range we obtain

PY(120° < 6 < 160°) = 0.14 - Im(Ay + Ap), (16)

P2(120° < 6 < 160°) = 0.15 - Tm(Ap) . (17)

Taking into account the expected experimental sensitivity
(12) one may hope to detect effects of new physics leading
to Im(Ay + Ax) or ImAp as small as 0.7 x 1073 at 1o
level.

In the estimation of the sensitivity presented above we
neglected the contribution to Pr from the FSI. This is
possible if one reduces the uncertainty in the prediction
of PEST to values smaller than 8Pr. To this end a careful
determination of the Fa and Fy form factors from other
experiments is needed — for example, from K — lyete™,
see (8), or from the measurement of the normal muon po-
larization Py in K2~ decay, which is also a very sensitive
to the form factors observable [13]. Simultaneous measure-
ment of both Py and Pr in one experiment with the same
statistical sensitivity provides a good opportunity for an
accurate determination of Fy and Fy from Py and, there-
fore, a precise calculation of the FSI contribution to the
measured Pr and a clear separation of the non-SM Pr
from the physics background.

The values of Ay, Ax and Ap are completely deter-
mined by the physics beyond the Standard Model. Below
we consider several extensions of the SM and present the
corresponding bounds on Ay, Ax and Ap from the exist-
ing experimental data.

5 New physics: possible models
5.1 Two-Higgs doublet models with suppressed FCNC

In a general two-Higgs doublet (2HD) model [1] up- and
down-type quarks, as well as leptons, couple to both two-
Higgs doublets. The up- and down-type quark mass ma-
trices cannot be diagonalized simultaneously; that is the
reason for the flavor changing neutral current to be induced
at tree level. The relevant terms read [5]

Zmy, _

T 2[RV (=) — &V ()] w

Loup =

?

X (14 75) 1, (18)

where My is the mass of the charged Higgs boson, zm;, are
the coupling constants of the charged Higgs boson and the
corresponding leptons, and the EZ’D are the mixing matri-
ces parameterizing up- and down-type quark interactions
with the lightest neutral Higgs boson. This interaction re-
sults in the muon transverse polarization

B()Z

ImAp = —— =20
T 2\RGE MR |V, &

I [ViEH + Vi€l -

(19)
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The measurement of b — s gives My > 315 GeV [16]; the
perturbativity bound (see, e.g., [17]) implies z < 2 GeV ™!,
The constraint 19 depends greatly on the form of the mix-
ing matrices §Z’D. If the only relevant terms in (19) are
5}’1 and 52%, then they are constrained from the neutral

kaon system to be < 1072y/My /GeV [5]. With account
of (17) this favors the limit

|Pr(120° < 6 < 160°)|

<3X10_2(315Ge\/>3/2( 2 )
~ My 2GeV !

T [€4; + €]
>< —_— =
10—2

It is more than 300 times larger than the expected exper-
imental sensitivity to Pr [8]. Note that without special
fine-tuning between Im [é{ﬂ and Im [52%*}, the strongest
limit on Pr comes from the search for the transverse muon
polarization in K — 7°uv decay [21], since the interac-
tion (18) generally provides both Gp and Gg of the same
order [18] (see Sect.4.1), and the latter are multiplied by
factors of similar magnitude. This yields

|Pr(120° < 0 < 160°)| < 3 x 1073,

at 95% CL.
On the other hand, for special structures of the mixing

matrices £V, €2, Pr in the 2HD model can be as large as
0.1.

5.2 Three-Higgs doublet models

In these models three different Higgs doublets (hy, hq, hi)
couple to up- and down-type quarks and leptons, respec-
tively. The relevant interaction between SM fermions and
charged Higgs bosons for K2, decay reads

VGr
V2
+ BiaM,V (1 —~5)d + oM (1 +7s5) €]} + h.c.,

where V' is the CKM matrix, My, M, and M, are diagonal
down-type quark, up-type quark and lepton mass matri-
ces, respectively, and «;, 3; and v; (i = 1,2) are complex
mixing parameters in the Higgs sector. This interaction
results in [18]

E:

> (b [0V My (14 75)d (20)

m2 m2
ImAp = — | & - —K 21
— <m% m%) (21)
My .
X <Imfylozf - Im’ylﬂl) ,
ms

where m; are the masses of charged Higgs bosons. The
current experimental constraints on the parameters of the
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theory (see, e.g., [19] for a collection of relevant formulae)
give the same order bound on Pr as obtained from [21] for
Pr in K — 7%uv decay (as far as Gp and Gg emerging
from the Lagrangian (20) are generally of the same order),

|Pr(120° < 0 < 160°)| <3 x 1073, 95% CL.

This upper limit is about 30 times larger than the expected
sensitivity of the new experiment.

5.3 Supersymmetric models with R-parity

In the minimal supersymmetric extension of the Stan-
dard Model (MSSM) the relevant four-fermion interac-
tions emerge due to W-boson and charged Higgs boson ex-
changes with couplings being enhanced by squark—gluino
loops.

A right-handed current interaction is generated by the
diagram with gluino, stop and sbottom particles running
in the loop with left-right mass insertions both for stop
and sbottom. This gives rise to the effective interaction [20]

G
Li=C =25y (14 75)u- 770 (1 —v5) u + hec.

V2

mymp (Ar — peot B) (Ap — ptan )
M4
g

C=I, (22)

s s [MsUSY] g Dy SO
361 31 32 33 )

where A; and A, are the soft supersymmetry breaking
trilinear terms for stops and sbottoms, u is the Higgs su-
perfield mixing parameter, tan 3 is the ratio of the two
Higgs vacuum expectation values, Mj is the gluino mass,
VUr and VPR are the rotations in the generation space be-
tween up-type right-handed squarks and down-type right-
handed squarks and corresponding quark partners, respec-
tively; VSCKM ig the super CKM matrix associated with
W-squark—squark couplings, and I is given by the inte-
gral

1 172’1 24
Ioz/ le dZQ > F122 2 3 -
Co (e (o))
For W-boson exchange, the interaction (22) provides the
polarization

Im(AA + Av)w

mymy (Ay — peot B) (Ay — ptan )
M4
g

:7[0

URr 1/ Dr*7/7SCKMx*
Im | V53" V™ Vg

|Vu8|

as[Msusy]
X

18m (23)

Current experimental constraints on the parameters of the
theory [11] lead to

|Pry, (120° < 6 < 160°)] S0.8x 1072, (24)
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where we set m; = m; = M/2, tan § ~ 50, Mz ~ A, ~
ju~ Ay ~500GeV, and Im [V;{RV?,?R*V%CKM*} ~ 0.5.
The charged Higgs boson exchange enhanced by gluon—

stop—sbottom loops gives rise to the effective interaction
[20]

G
Ly = —C1i§(1+75)u'5(1+75)l$

V2

—0231%8(1 —v5)u-v(1+75)p+ hee.,

On O [MSUsy]I mymy, tan 3 Ay cot B+ p
' 3w L M2, M,
XV Vg Ve,
o, O [MgUsy]I mpmy, tan 5 Ay tan S+ 1
2 3w L M2, M,
Vi Vi Vas ™,
1 1—2, )
11 :/ le dZQ ) B)
0 0

1+(%—1>21+(%—1)22
g 9

where VHis the mixing in the coupling between the charged
Higgs and the up-type right-handed and down-type left-
handed squarks, and VU and VPr are the rotations in
the generation space between up-type left-handed squarks
and down-type left-handed squarks and the corresponding
quark partners, respectively. This results in

A, — % [Msusy] 7 Bomgtan 8 Ay cot 5+ p
S VA M,
m [V Vi v
X
|Vu5|
a5 [Msusy] 7 Bomy tan 8 Ay tan 3 + p
3w 1 M2, M,
s
X . (25)

Vs

With the estimate
T [V V2 VT | = 0.5 and T [V VB V| = 0.5

and the same settings as listed below (24) both terms in
(25) are of the order 1072.

So Pr,, and Pr, are 10 and 100 times larger, respec-
tively, than the expected experimental sensitivity.

Note in passing that without a special cancellation as-
sociated with the light superpartners, the charged Higgs
boson gives a large contribution to b — svy. This yields
the bound My > 315 GeV [16], which decreases the upper
limit on Pr, by an order of magnitude.
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5.4 Supersymmetric models without R-parity

In this section we consider the supersymmetric extensions
of the Standard Model with the violation of the R-parity
and the lepton number. The relevant superpotential is
given by

1
Wry = 5/\ijkLiLjE]g + N LiQ; D,

with L; and EY being the chiral superfields of the lep-
ton doublets and singlets, and @;, Df denote the chiral
superfields of the quark doublets and down-type singlets,
respectively. In this model the contribution to K, decay
arises due to the interaction

5i0\i12 - _
— 222002 51 — s yu - p(1+ )

[_‘, =
RV 4M52L‘

where Mg, are the masses of the left-handed sleptons. The

resulting transverse muon polarization reads [5]
By 1

M| Vs | 2\/§GFM§L‘ .

ImAp = Im [)\31‘2)‘;12] (26)

The strongest relevant experimental limit on the parame-
ters of the model comes from the measurement of Ky, — fip
decay rate [22], and one can obtain from (17) and (26):

|Pr(120° < 6 < 160°)]

2
Tm [A515A]10) M;
< 1.5 10—5 21271112 v
v ( 38x 107 )\ M,

2
+ Im [A335A310) Ms,
3.8 x10-7 M ’

L3

(27)

with the My, being sneutrino masses. This contribution,
(27), is obviously too small to be detected. Note in passing
that in models with the relevant hierarchy in the slepton
sector or in models with some cancellation of the sparticle
contributions to K, — i decay, one could expect Pr in
K2 at the level of 1073,

5.5 Left—right symmetric models

In models with left-right gauge symmetries SU(2);, X
SU(2)r x U(1)p,, [23] the four-fermion interaction which
contributes to K2, decay is given by

Lir=——F1 (?E) Vit 5L+ u - " (1 =)

where ¢ is the left-right complex mixing parameter, VE
is the right-handed CKM matrix and gr, g are the cou-
pling constants of SU(2)y, and SU(2)g, respectively. This
interaction results [5] in

Im(Ap + Ay) = Qf]—RIm (EVE) (28)
L
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With the current experimental constraints on the param-
eters of the theory [24] one can obtain from (16) and (28)

|Pr(120° < 6 < 160°)]

_3 (9r/9L § Vulg*
20 (M )| (550) ()]

which is 20 times larger than the expected statistical un-
certainty of Pr (12).

5.6 Leptoquark models

There exist two leptoquark models contributing to Pr in
K2, decay. The quantum numbers of the leptoquarks
under the Standard Model group are

o1 = (372, ;) ,  (Model I),

2
by = (3,1,—3) ., (Model II)

and the general couplings involving these leptoquarks are
given by

A~ N,
Lrq, = (;Q (I+vs)e+ 3117(1 —95) L> ¢1 +hec.,

Ao ~ A
Lrq, = (;Q (L47s) L+ 7217 (1—1s) ec> $2 + h.c.

The relevant terms read

Kuv )‘%2>‘/112* = —

L = g2 S(I+7s5)p-7 (14+v5)u+he.,
®1

K /\%i)\/ng*i . e

LQy — §(1+75) v - % (1+75)u +hee.,

2
4Mg,

where the My, are the leptoquark masses, and they yield
[5]

By V2
mM|Vus| SC¥F]\4¢%1 ’

By V2
M Vaes| SG M,

ImAp = —Im [APA]*] (29)

ImAp, = —Im [A'A5] (30)

With the current experimental constraints on the parame-
ters of the models with leptoquarks, the strongest limit on
Pr comes from the measurement of the Pr in K — wo;w
decay [21] (supposing that the Gp and Gg constants are
generally of the same order in this theory), and this yields

|Pr(120° < 0 < 160°)| <3 x 107

at 95% CL. This bound is larger than the expected exper-
imental sensitivity by a factor of 30.
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6 Conclusions

The analysis presented in this paper concerns the infor-
mation which could be drawn from the experiment of the
measurement of the transverse muon polarization Pr in
K — pvy decay.

It was found that the FSI Pt distribution over the
Dalitz plot is sensitive to the values of the kaon form fac-
tors. The best sensitivity is exhibited in the region of large
angles ¢ between muon and photon. The Pt calculated in
this region allows one to pin down the signs of the kaon
form factors in spite of the uncertainties associated with
the unknown dependence of the form factors on the mo-
mentum of the lepton pair. To this end the statistics of
> 10° K2, events with large 6 > 120° is required.

It was recently demonstrated [13] that the normal muon
polarization Py is very sensitive to the signs and the values
of the kaon form factors. Since Py emerges at tree level,
the statistics expected in the new experiment proposed
at JHF allows one to determine for sure the kaon form
factors with a few percent accuracy. The unknown depen-
dence of the form factors on the momentum of the lepton
pair should be determined by fitting the experimental data
on the Py Dalitz plot distribution.

Finally, it was shown that possible new physics con-
tributions and the FSI contribution to Pr show different
behaviors over the Dalitz plot. In particular, at large 6 the
new physics contributions to Pr grow by one and a half
order of magnitude, which suggests one to consider this
region as the most interesting to probe the new physics
responsible for T-violating effects. In most cases the contri-
bution from new physics can exceed the measurable level
of Pt by one or two orders of magnitude. Moreover, the
extraction of form factor values from Py allows the back-
ground contribution from FSI to the non-SM T-violating
muon polarization to be determined with a small uncer-
tainty.

It is worth to note that the signs of pion form factors Fy;
and FJ have not been measured yet [11]. The experimental
situation there is similar to the one for kaons, though Fy;
has a definite CVC prediction and the pion form factors
are almost constants over the whole Dalitz plot. The FSI
contributions to Pr are of the order of 10~% (10~3) for 7,2,
(Te2~) [25]. From the analysis given above, we can suggest
that the measurement of the transverse lepton polarization
in m2, would allow us to pin down the signs of the pion
form factors, if possible contributions to Pr from physics
beyond the Standard Model are negligible. This issue will
be considered elsewhere.
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