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Abstract

A brief discussion of a systematic study of simple particle extensions
to the standard model (SM) is given. The effects of such extensions in
lepton number violation processes such as ft -* ey, Ze and /i-e conversion
nuclei is given. It is found that n -» e 7 and p-e conversion offer the best
opportunities for the discovery of this kind of new physics.

In this talk, I shall present results on a systematic study1 of simple one-
article extensions of the standard model and their effects in lepton member
violation processes such as ju —* err, n —» 3e and /x-e conversion in nuclei. The
main motivation of such a study is simplicity. The gauge group is taken to be
SU(2) x U(l) . A well known example of the approach we adopt is the addition
of a right-handed neutrino UR to the SM3 This will lead to neutrino masses and
neutrino oscillation phenomena. As far as I know, no previous systematic study
of what single particle states can be added to the SM and yet maintain the
renormalizability of the model.

By restricting ourselves to no new gauge interactions we need only consider
the addition of new spin 0 and spin \ states. For the purpose of this discussion
we can restrict ourselves to scalars for the spin 0 case. There are two classes of
particles considered, those which are SU(2) x U(l) singlets and those which are
SU(2) singlets but can have non-trivial U(l) charges. The first class contains
electrically neutral particles and the second class is made up of particles with
charges ± 1 , ±\, ± | , and ± 5 . Particles with higher charges are neglected as
they are absent from nature although it is straightforward to include them.

The two classes of particles are further divided as follows:

I. SU(2) x U(l) singlets with Qm - 0

a) Spin 5 Majorana neutrino UR if a family lepton number is not conserved.
If individual family lepton number is conserved then a Dirac neutrino is
also available. The Dirac neutrino can be either vector or chiral.

b) Spin 0 neutral scalar can be added.
However, without adding new states the only possible new physics are CP
violation in the Higgs potential and mixing in the scalar sector. These are
not of interest for lepton number violation processes.
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II. SU(2) singlets with non-trivial U(l) charges.

a) Scalars. These can be further subdivided into colour singlets or colour
triplets. For colour singlet a h+ dilepton scalar is allowed. This object is
first considered by Zee3 in the context of generating masses without the
aid of right-handed neutrinos. As for colour-triplet scalars, the objects
allowed are lepto-quarks, y1/3, y4'3 ... and diquarks x1'3, x4'3 ... The y-
particles couple to eu and ejj dn, whereas the x's couple to two quarks and
hence are of no relevance to lepton number violation.

b) Fermions. Again, both colour-singlet, E~ vector lepton and colour-triplet
fermions V2'3 and D~1'3. The new particles E", Us'3, D 1 ' 3 have to be
vector-like due to anomaly considerations.
The above listing exhausts the possible simple particle extensions to the
SM. In Table 1, we list the new particles and their SU(2) x U( l ) invariant
interactions from which one can calculate their contributions to lepton
number violating processes.

Table 1 Possible single particle additions to the SM and their interactions with
fermions of the SM.

Scalar candidates

Dilepton

Leptoquark
Diquark

- e
pvT)h+ + H.c.

,erdry4/3 ,er«rv l / 3 + H.c.

*-4'3 + H.c.
3-4/3

Fermion candidates

Right-hand Majorana neutrino
Vector-charged Dirac neutrino
Vector-charged heavy lepton
Down-type fermionic lepto-quark
Up-type fermionic lepton-quark

"R

A'i.fi

EL,R T'

+ H.c.

+ H.c.
H.c.

H.c.

The calculation of muon number violating processes begins with writing
down the general effective Lagrangian for /i-e transitions. Explicitly, we have

(1)



where sw and cw are the sine and cosine of the weak mixing angle. The term
involving A" denotes the effective titf interaction. The second term with 2"
denotes the effective (teZ vertex. The terms with B's arise from box diagrams
with two W-boson exchange. The last term denotes /ieH interaction where H is
the SM Higgs boson. For the above models this term can be neglected due to
helicity suppression. In more complicated models with heavy Majorana neutri-
nos and non-trivial lepton mixings this can be important.4 In Eq. (1) we have
factored out the unknown couplings of the new physics into the A's. The various
branching ratios are then calculated to be

3c) = 2L2 + R2 -

and

with

= 4A,F, + (24 - 1)A,P, - A3Be

N)

+ (Z + 2N)[ - ^ ( F , - F,) + ( - i + lsl)X2P,
where GF is the Fermi coupling constant, and

F(- ro ' ) = 0.54, Z* = 17.6 and To - (2.590 ± O-W^

for the muon capture rate on Ti.
The results for the various models are as follows:

i) /i+ lepton

2 * 1 - 5-7x10-3
»ej)

eTi) „„ 4•- 2.7 x 10"
*ei)

In this model, the most important term is the pcy vertex, since the h~
does not interact with quarks so the B's are vanishing and the \itZ vertex is of
order ^jfc.
ii) Heavy Dirac neutrinos: N

and

B(nTi -* eTi)
<6.3

for MN = 10 A/w
In this case the fitZ vertex is suppressed by the allowed neutrino mixing,

leaving the fie-y vertex as the more important term. The box diagrams are im-
portant for this model leading to a favourable case for ft —* e conversion as the
most sensitive probe,
iii) Heavy vector lepton E

This type of model has dangerous lepton number violating tree-level \xtZ
vertex. Explicitly we have Aj = \UBJOBH with P, = 1 where I/fie and UE^ are
the mixings of E with the electron and the muon. In fact /i — e conversion gives
the best limit on A2 to be less than 7.7 x 10"7 for Me = 10 Mw.
iv) Leptoquark y1/3

As in the case of the vector lepton, these objects generate tree level jue • Y
coupling. Here A3 = *̂*/'*» and Bu = — (^*)2. As before /ie conversion sets the
best limt on A3 to be <2.7 X 10~s for My = IOMW.

In conclusion, we have systematically studied the possible single particle
extensions to the SM. Lepton number violation processes5 are a good probe
of this kind of new physics. In general, fiey and (i-e conversions are the two
most sensitive tests and should be pursued with great rigor. Hopefully the next
generation of experiments will unveil these new physics.
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