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The decay rate for K, — e is evaluated in minimal extensions of the Glashow—Salam—Weinberg model. It is shown that
in the left—right symmetric theories this branching ratio can be larger than in the corresponding left-handed theories. The
"prospects for detecting this decay in proposed experiments are analyzed.

There are good prospects of obtaining very stringent limits on some lepton-flavour non-conserving process (or
discovering them!) in the next round of proposed experiments at KEK and BNL as well as in the planned kaon
factories at LAMPF II and TRIUMF [1]. On the other hand, the recent experimental indications [2] of a non-zero
mass for the electron neutrino together with the fact that neutrino masses arise naturally in some grand unified
theories, provide further motivation to analyze lepton-flavour violating processes.

In this letter, we calculate in detail the branching ratio B(Ky > fie), which at KEK and BNL will be measured
at the level of 10710 , while the kaon factories may even reach sensitivities of the order of 10—12 to 10— 13, We
address ourselves to the question of whether the observation of a decay rate in this range would be an indication
of some “new physics”. We shall use minimal extensions of the standard Glashow—Salam—Weinberg (GSW) model
Our ajm is to give a yardstick against which the forthcoming experimental results should be compared.

Since in the GSW model neutrinos are degenerate in mass, lepton-flavour is conserved by gauge interactions.
Furthermore, with only one Higgs doublet, leptonic flavour is also conserved by Higgs interactions. However, in a
theory with non-degenerate neutrinos, leptonic flavour is not conserved by gauge interactions and the dominant
contribution to Ky — fie comes [3] from the box diagrams of fig. 1a. In the limit where the external momenta are
neglected when compared with the loop momentum, the amplitude for this diagram is
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with
1(e;, 8))= —[i/4@m M {I1- ) (1 - 8)] "1+ 6, - )7 [(1 - ) 2gln g~ (1 -5)" 267§}, (D)
&= My/My)? ., 8= (mj/My)” . 3)

where My, is the W boson mass, M; and m; (i,j =1, ..., n) stand for the quark and neutrino masses, respectively, n

is the number of families and U(V) is the mixing matrix for the quark (lepton) sector. It is clear from egs. (1) and

(2) that the rate for K; — jie is suppressed by the Glashow—Iliopoulos—Maiani (GIM) mechanism [4] both in the

quark and leptonic sectors. Thus, in order to have an appreciable rate, neutrinos should not be almost degenerate

in comparison with the relevant mass scale (My). In fact, one obtains the upper bound B(K; - fie) < 1017 for

a mass of the 7 neutrino of 200 MeV. Hence, in the following, we shall assume the existence of a fourth family

with a heavy neutral lepton. Since the dominant contribution comes from this heavy neutral lepton, we set §; =

85 =083=0,84 =06. Then, in the free quark approximation, we obtain -/

2.2 2 2 242
mK(me + mp) - (mu - me)
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'Ky > e)/T(K* > v, ) = (a/4/2 7 sin*6y, sin 6,) 2.3 R @
mK(mu mu“) - (mp, - mu“)

where the relation

(0[5 ysd + dy yss|Ky ) = /200157 v5ulK ") = /2 fx q* (5)

has been used. One can see from eqs. (2) and (4) that B(K; - fie) crucially depends on | V4,V 3,|and 8. Note that
a limit on these two quantities can be extracted from the present upper bound on yu = 7. The heavy lepton contri-
bution to B(u -> ey) comes from the one-loop diagram which gives [5]

Bk~ ey)=(3/32m)82 |V, Vip 12 . - ®)
On the other hand, from the experimental bound [6] on the non-orthogonality between v, and »,, it follows

that

V3 Vi + Va Vil <5X 1072, Q)

If we take for |V4; V'§,|? the maximum value allowed by the previous equations, then B(u — ey) < 1010 [7] im-

plies m4 < 10 GeV. Our numerical results for B(K, - fie) are shown in fig. 2. The two dashed curves correspond

to the upper and lower values of B(K; - jie) as a function of the heavy lepton mass, when the quark mixing angles ._/
are allowed to vary in the following range:

UIIUIZ =0.213 . —0.21< U22U21 <-0.17. (8)

We have taken *! mp =40 GeV and | V4 V5,12 ~2.5X 1073, "

Next, we shall consider a left—right symmetric model [8] based on SU(2);, X SU(2)g X U(1). Allowing again
for neutrino mixing and the existence of a fourth family, the new contribution to Ky — jie, from diagram (b) of
of fig. 1 is

. = - +L
iT g = —52*(d759)8 75#§MimiU?2R UliVi, VRJ(e,8) » €))
where

*1 When summing over quark families, we have considered only the contributions of the u, ¢ and t quarks. We thus consider that
the “effective™ contribution of flavours beyond charm, can be parametrized by the top quark contribution, with M and mixing
angles varying in an allowed range.
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J(e;, 67) = ~[i/(4my>My,] [ein (e;8)/(Be; — 1) G- -¢)

9, 1n(8,8)/(85; — 1) (; — 8)) (1 — 8;) + B1n (B)/(B — 1)( — 1)(8; — 1] (10)
and = My /M R)z, with My denoting the mass of the right-handed gauge boson. We write the branching ratio as
By r(Ky, = @e) =By (Kp > ge) (1+6R), - an

where R can be obtained *2 from egs. (1) and (9). We have assumed U R = yL, R = L and used the relation

(01(dvgs +5y5d) Ky Y =/ 2mE fy [(mg + mg) . (12)

The numerical results for By g are shown in fig. 2. The full-curves correspond to the previously chosen values of
the top quark mass and mixing angles. We have set My = 1 TeV, which is the order of magnitude of the bound
coming from K; — Kg mass difference [9]. It turns out that R is, somewhat surprisingly, a strong enhancement
factor ranging from 5 X 104 to 2 X 102, as my varies from 0.2 to 10 GeV. This large value of R has its origin in
the PCAC equations as well as in the ratio J/I. Since no such enhancement is present in the decay u > ey, B g (Kp
- fie) can be larger than By 1 (Ky — jie), without upsetting the experimental upper limit on u - e7. Obviously, if
there are some cancellations between gauge and Higgs exchange contributions to the Ky —Kg mass difference [10],
thus allowing for smaller values of My, the rate for By p (Kj > fie) can be even larger. Notice that due to a differ-
ent sum in mixing angles, the corresponding SR for the decay K; —> uji is negligible and so the LL contribution
dominates. We have explicitly checked that this is indeed the case. Finally, we observe that in both models the re-
sults for B(K; — fie) are almost insensitive to a variation of M, within the range 20 GeV <M, <40 GeV.

*2 In the evaluation of R, we have assumed no Wi, —WR mixing, which should be a good approximation, since there is an experi-
mental limit on the Wi —WR mixing angle, (1£| < 0.06). We have also neglected the contribution of box graphs with unphysical
scalars exchange. These graphs, although present in the ’t Hooft—Feynman gauge are expected to give a small contribution,
since they are suppressed by powers of m%/M%V, mg denoting quark, lepton masses.
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Fig. 2. B(K, — ze) as a functjon of the heavy neutral lepton
mass.
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Another simple extension of the standard model which can lead to leptonic flavour violation consists of introduc-
ing two Higgs doublets. In this case there are three neutral Higgs which will in general couple to flavour changing
neutral currents **. The effective four-fermion interaction contributing to K; — jie can then be written

3
Gp - B
Ler= 20 dp s + £ dpsy ) (n%iy ep + nSjiney ) . 13
= A g (E{dLs * £2drsy) (nfiiLer + n3iReL) . (13)

In order to estimate the rate for Ky —>jie, we use constraints on &* coming from the Ky —Kg mass difference. A
simple calculation using the vacuum insertion approximation leads to

2 4 a2
(KO)£88°2 ROy =—F KK Ci-8
V2 4@ +mg)? @ M2

a

(14

. -/
If, for simplicity, we assume that the dominant contribution comes from the lightest Higgs, with mass My, then

the K| —Kg mass difference implies the bound

(¢ - &) ME<15%X 1078, 15)
Using (13), (15), one finally obtains
B(Ky ~ &) <107 5(n} + nd)/M . (16)

There is a great arbitrariness in the values of (nf + n%)Mﬁ 2, However, if one uses the present limit on B(u > 3¢)
and further assumes that the &e and jie couplings to Higgs are of the same order of magnitude, one obtains

B(K; ~>je)<10710. ‘ ' )
On the other hand, the more pessimistic assumption

(nf +n)Mi P~ () — &) Mig? (18)
leads to

B(Ky ~»ge)<10~13, (19)

We summarize our conclusions as follows:

(i) in the left-handed model, the present limit on B(u > e) imposes a strict constraint onB(K; - jie). Actual- ./
ly, a branching ratio at the level of 10~ 13 is possible only for a very small range of m4 and mixjng angles;

(ii) the predictions of the LRS model are somewhat different due to a large contribution of the Wi —Wp ex-
change box diagrams. As a consequence, B(K - fie) can reach values larger than 10~13 for a wider range of the
parameters; .

(iii) theories without natural flavour conservation in the Higgs sector, have in general a great arbitrariness in
the choice of parameters. Nevertheless, for “reasonable” values of these parameters, we estimate B(K; - fie) to
be in the range 1010 to 10— 13, These larger branching ratios reflect, both the fact that the decay is allowed at
tree level and that the experimental constraints on some of the couplings are not very restrictive. This is a feature
common to other models with flavour changing neutral currents, such as technicolor and gauge theories of horizon-
tal interactions, where relatively large values of B(K; > fie) can also arise [12,13].

We would like to thank Alvaro De Rujula for a careful reading of the manuscript.

*rpora general analysis of varioﬁs virtual effects of Higgs particles, see. e.g., ref. [11].
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