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Abstract

The branching ratio for the process u -+ ey is calculated
by assuming that the couplings of both the scalar (Higg's)

mesons and the gauge mesons to heavy leptons violate muon

number conservation. When the Higg's mesons are somewhat

lighter than the gauge mesons their contribution to u -+ ey

is the more important one.



The possibility cxists that muon number is not strictly
conserved. For example, violation of muon number conserva-
tion could manifest itself through the decay u » ey with a

branchiin 1atio for this process of the order of 10'8 or

1

iess. Such violation can be incorporated into a gauge

theory of the weak interaction by mixing the e and u in a
manner analogous to the way the GIM mechanism mixes the d

and s quarks.2

In addition, if the violation is to be any-
where near the upper limit allowed b& experiment, heavy lep-
tons must be included in the theory.

Consider an SU(2) ® U(1l) gauge theory with the following

multiplets of particles

e /e o
s y (L)) R (1)
v L° e L
e e

where the doublets have weak hypercharge Y = -1 and the
singlet has Y = 0 (Q = -Tz + Y/2). Identical multiplets
exist for the muon. Now couple these multiplets to the
gauge mesons and then mix the electron type particles with

. . 2
the muon type by performing the transformations



\)e \)e
), -l
vy vy .

with

I ST . _ e -
The usual eya-f—vewa and uYa_TT—vuwa couplings are vnchanged

but we have an additional interaction of the form

1-v
. fw =% 5 0 - 1° si
LWL 2Waey 5 [Le cos ¢ y sin ¢]
(3)
1-vy
g .y~ —.0 5 o _. o
+ —Ewauy — [Le sin ¢ + Lu cos ¢]

. 0
LWL will clearly allow the process u + ey if the mass of Le’
3
e
interactions are unchanged by (2) because they aie simply
1

.. o
.Me,is different than the mass of Lu’ M (The neutral current

multiplied by vul or w- .) More interesting, however, is
what the transformations (2) do to the scalar (Higgs) meson

sector of the theory.



The simpiest way to couple the leptens to the lHigg's
particles is to take one complex doublet, (¢',¢0) to couple
the singlet in (Z) to the right handed dotblet and a complex
singlet xo to couple the two doublets. The lepton masses are
then generated by <¢°>O = g and <xc>0 = b. In this case,
the ¢  is gauged away and there is no scalar lepton coupling
that can contribute to p » ey. If we add ore more scalar
multiplet, however, say an isctopic triplet (p’,oo,o+) with

<o°>0 = ¢ then the ¢ will remain coupled to the ileptons and

an interaction of the form

e -%  o%, €
£, (L0) (07", )<L°'
e’
R
(4)

) -k g% u
© £, (07 ,0%) ( o>

will, under the transformation (2), not only generate masses

for the heavy leptons through

UL< f2>UR—§< Mu) , (S)

but will also give a coupling of ¢  to the leptons that is

proportional to the heavy lepton mass,

— 1~y
- %
o) % {& LO ) (e cos ¢ + u sin ¢)

.0 .
+ Muhu 5 (-e sin ¢ + u cos ¢i} (6)



This interaction ran also contribute to p » ey and may give

a much larger contviimation than that of (3). The mass of
2

9

. . 2 .
the vector meson gets contributions from both a and ¢ with

the result that
1
- > VY7 G (7
al ~

so the coupling constant in (6) may also be relatively large

but in any event is boundad from below.

The result for p + ey, using both (3) and (6), is4
2
2 2.2 2\
r . o 2 2 (M7 -M7) My
TE_EL__t-%—sin¢cos¢__§_T.i‘__. 1+.1_ngl) (8)
urevy 04 m m

W

where m,, is the vector meson mass and m¢ is the mass of the
scalar $ . In writing (8) we have neglected higher order
] 2 2
terms in (MZ_ - M) /m,.
e woW
The second term in the bracket of (8) is the contribu-
tion from the scalar mesons as in (6). As we have discussed,
this term may be absent (n = 0). If there are enough scalars

in the theory so that it is present then, by (7),

“__1___..>1 (9)

n = 7 2
Y2 Ga

e is a known factor which takes into account higher order

. 2 2., 2
terms in (Me - Mu)/m¢,
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acA(ae) a Ala,,)
s:[ T “_1' (10)
€ U -
M2 M
: e u
with o, = —, a = — , and
e me u mZ
¢ ¢
2 2
A(a) = LI 3% . _ba . ba g Ina . (11)

i-a (1.9)2  (1-0)3  (1-0)

e and a, .

Since m¢ may be much less than My s the scalar contribu-

€ is shown in Fig. 1 for various values of a

tion may well dominate the decay rate. The lower bound on
the Higgs particle masses is only -~5 GeV6 while the gauge
meson must have a mass of ~50 GeV. The e factor suppresses
the scalar contribution somewhat while n can enhance it.

If Mi - Mi is taken as 1 GeV’ and m, is taken to be
50 GeV, then the coefficient of the bracket in (8) 1is less
than 1.8 x 10" 11, This coefficient could, of course, be
much less than this number, in fact, if the scalar contribu-
tion dominates, then it is probably required to be much less.

Another process which would show the violation of muon
number and which may be easier to detect is u > eee. In our
theory this could proceed by attaching an electron positron
pair to the photon of the upey vertex. It may also occur by
the exchange of two (scalar and/or gauge) mesons but here

the scalar exchange is not enhanced even for low Higg's

masses. Thus one expects that

_ < 102
u+>eee nae
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In conclusion we rote thut the scale of muon number
nonconservaticn in simple models such as the above increases
with the heavy lepton mass differénce and decreases with
gauge meson masses. It is enhanced by Higg's mesons,7 if
they can contribute, roughly by (mw/m¢)4 and thus, in a rich

enough theory, the Higg's meson contribution should dominate.

It is a pleasure to acknowledge a number of very helpful
conversations with Professor Royce L. P. Zia and also a
stimulating discussion with M. A. Bég, H. Schnitzer and

G. Segre.
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Figure Caption

Figure 1 The factor ¢, defined in LEq. (10), is shown for

2 2
and Mu/m .

¢
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