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Direct CP-violation
Another source of C P-violation is possible, where the C'P-odd component K5 directly decays into
CP-even two pion systems due to C P-violation in the decay process:

(| | Kp) ~ (nm| I | K2) + € (wm| I |K7) , (1.11)

where J# denotes Hamiltonian of weak interaction. This “direct C P-violation,” as given by the
first term in the right hand side of Eq. (1.11), was formalized by T. T. Wu and C. N. Yang [ 7]
soon after the discovery of the indirect C P-violation. Contribution of the direct C'P-violation in
decay into w7~ final states is usually denoted as ¢ and this gives

<7F+W_|%IKL) . /
(| 7 |Ks) =Ny_~€E+E. (1.12)

Due to isospin difference in the 797 modes, different contribution of the direct CP-violation is
expected as
(m07%| # | K1)
(mOm0| | Ks)
Although it is difficult to measure the small effect of the direct C'P-violation only by observing

the K;, — n"n~ decay, Equations (1.12) and (1.13) allow to extract its effects by simultaneous
measurements of the four decays, K7, = 77—, K; = 7%7% Kg = 7t7~ and K — 7970 as

2

T+=1" ~ 1+ 6Re(¢ /e). (1.14)
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CP violation in K —> nn

AK > 7x(1 =2)] <1/22 AI=1/2"rule": hadronic amplitudes with

“= T[Ix ¢l = 0_)] AT > 1/2 are smaller: M(K*>mm0) «M(K;om )
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Inami-Lim function, K_L

Another important key of this mode is small theoretical uncertainty in branching ratio prediction.
The branching ratio of the K7, — m’v¥ decay is expressed as follows [2/]:

2
Br(Kj, — 1°0p) = Ky (h/r\l?tX(a:t)) | (1.35)
where \; = V;Vi4 in the CKM matrix, z; is the square of the mass ratio of the top quark to the

W boson and z; = m?/M2,, X(z;) is the Inami-Lim loop function [2°] with QCD higher order
corrections, and the factor xj, includes other effects which is given as

8
k1 = (2.231 £0.013) x 1071° (ﬁ) : (1.36)

The loop effect, as given in the function X (z;), is reliably calculated. This is because the internal
states of this decay process involves only heavy particles such as top quark, W and Z bosons as
shown in Fig. 1.3 hence effects from long-distance interactions from light quarks are negligible.
Although there could be an uncertainty in calculation of hadron matrix element, which is included
in k7, it is canceled by using the well-measured branching ratio of the K+ — 7%t v, decay, whose
matrix element is identical to that of the K — n%v decay due to isospin symmetry [2¢].

Taking the above discussion into account, the SM prediction of the K; — 7% branching
fraction with two-loop electroweak corrections is given as [*7]

Br(K; — 7vp) = (3.00 £ 0.30) x 1071, (1.37)
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of the K+ — w7 vw decay and the K, — 7% v decay,

Br(K; — 7vp) = %17:1{_L X Br(K™ — ntvw) (1.38)
is TK+
~ 4.3 x Br(Kt — nvp), (1.39)

where Tk, and Tx+ indicate the lifetimes of K; and K™, respectively, and rs = 0.954 is the
isospin breaking factor [']. This equation assumes only isospin symmetry and hence independent
of new physics models. This limit, called “Grossman-Nir bound,” is obtained from measurements
of the K+ — mvv decay and new physics effects are allowed to give as large branching fraction
as this bound at maximum. The branching fraction of the K™ — w1 v¥ decay was obtained by the
E787/E949 experiment in the Brookhaven National Laboratory (BNL) [1] as

Br(K* — ntwp) = (1.737132) x 107, (1.40)

~



