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1. Introduction

A new way of representing a measurement of
the decay Kt — 7T v in the Standard Model has
been developed. Using the Wolfenstein represen-
tation of the Cabibbo-Kobayashi-Maskawa (CKM)
mixing matrix, a measurement of K+ — 7#Tvi de-
termines a region in the p — n plane which can be
combined with other measurements to ascertain the
consistency of the Standard Model. This graphic
display of the expected branching ratio also gives
additional insight into how the predicted branching
ratio arises in the Standard Model.

2. Kt — 7ntvv in the Standard
Model

Wolfenstein! has expressed the CKM matrix
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in the following parameterization in powers of the
Cabibbo angle, A:
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where the CP violating phase is represented by the
(p,m) point in the complex plane.

The branching ratio for K+ — ntvi is given
in the Standard Model for three light neutrino types
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In the Wolfenstein parameterization of the
CKM matrix, some algebraic manipulation can show

that this implies
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which is a circle in the p — 7 plane, with center on
the p axis at
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where sin®fy, = 0.23, @ = 1/128, and By +_, 700+, =
0.0482, and the kinematic function D is given by
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with z = my,,,/mw, and D, and D; are values for
the charm and top quark, respectively.

Thus, a measurement of KT — 7ntvi  deter-
mines a circle in the p —n plane which is centered on
the p axis, displaced slightly from the point (1,0) by
the charm quark contribution to the branching ra-
tio, with a distance from that point that decreases
with increasing | V;s | or increasing top quark mass
(since the function D is monotonically increasing
with top quark mass). The radius grows as the
square root of the measured branching ratio, and
varies with the same dependence on | V4, | and top
quark mass as the displacement of the center.

The CKM parameter with the largest uncer-
tainty after V4 is Vi, which is assigned a 20%
uncertainty in the 1990 Review of Particle Proper-
ties.* If V;, is chosen as the vertical axis, the region
determined by a measurement of K+ — ntvi is
the surface of a cone-like object, which decreases in
radius and approaches (1,0) as | V4, | increases.
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Figure 3.1: Regions of the p — i plane determined
by the KEK experiment,” the published Brookhaven
result,® and a preliminary result from Brookhaven.
The region expected in the standard model is in the
small circle near the origin.

The QCD radiative corrections to Kt — ntvw
have been calculated recently.® The effect is roughly
to scale the charm quark contribution represented
by D. by 0.71. This does not change the geomet-
ric interpretation of the branching ratio, but does
directly reduce the displacement of the center from
(1,0) by that factor. In the calculations that follow,
D, has been scaled by 0.71 to take account of QCD
radiative corrections.

3. Present and Future Constraints in
the p — n Plane from K+ — ntvi

3.1. Present Limits

Upper limits on the branching ratio of KT —
7Tvi define the boundary of a circular region in the
p — n plane which must contain the value of p and 5
chosen by nature. The lower limit on the top quark
mass of 89 GeV/c? from CDF® and the minimum
value of | Vi, | are also necessary assumptions to
define the circumscribed region. Since the present
upper limit is more than an order of magnitude
from the prediction of the Standard Model, it is not
surprising to find that the region provides no new
constraint. Fig. 3.1 shows the regions allowed by

Asano at KEK,” the Brookhaven E-787 published
limit from data taken in 1988,% and a preliminary
result from data taken by E-787 in 1989,°.  The
region predicted by the Standard Model is just a
dot near the center on this scale.

3.2. Measurement of KT — ntvp

In this section, an observed signal with a
branching ratio of 2 x 10710 will be imagined. Since
such a small branching ratio is not likely to be ob-
served for several years, it will be assumed that
the top quark will have been discovered, with a
mass of 140 GeV/c?, which is Marciano and Ros-
ner’s'? present day prediction based on electroweak

radiative corrections to sin?fyy.

When the branching ratio of K+ — 7tvi is
measured, the region defined will be subject to the
following uncertainties:

e Statistical and systematic error in the
measurement of the branching ratio of
K* — ntvi . A measurement with
25% uncertainty in the branching ratio
should be possible in the mid-1990’s.

Uncertainty in the top quark mass.
Assuming that the top quark is dis-
covered between 89 and 200 GeV/c?,
it has been estimated for the SSC that
the uncertainty in the mass would be
about 1%.'!

e Uncertainty in the value of | Vi, |,
which is equivalent to the magnitude
of V. This is determined by the
b-quark lifetime and the semileptonic
branching ratio to charm, or from ex-
clusive B.3 decays. The error is dom-
inated by theoretical uncertainties ei-
ther way. Currently, the uncertainty is
estimated to be 10 to 20%*'2, which
directly translates into the error on
the radius and displacement.

Fig. 3.2 show the annular region determined by
a measurement of K+ — ntvi | assuming a top
quark mass of 140 GeV/c?. The parameter | Vj; |
has been allowed to vary between 0.044 and 0.053
in the five nearly concentric circles. The annular



region centered on the origin is determined!? by
present knowledge of b — u compared to b — ¢
transitions.

4. Other Constraints in the p — 7
Plane

Kim, Rosner, and Yuan!'? have recently re-
viewed previously known constraints on the allowed
region in the p — i plane. When the top quark mass
is known, the measurement of K+ — n#tvi can be
displayed along with those results to see whether
the three generation Standard Model is adequate to
explain the results of all those experiments. The
constraint most similar to Kt — 7tvo is from
B — B mixing. KT — ntvr has a theoretical ad-
vantage over B — B mixing, in that mixing requires
knowledge of the form factor fg which is the subject
of intense theoretical scrutiny.

5. Conclusion

An interpretation of KT — wTv has been
developed in the Wolfenstein parameterization of
the CKM matrix, which graphically shows what
that process tells us about the Standard Model, and
how a discrepancy with the model or with other
experiments would be revealed. It also more clearly
shows the origin of the prediction in the Standard
Model, and the contribution of charm and top to
the predicted branching ratio.
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