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Abstract

It is shown that gauge theories give contributions
to neutrinoless double beta decay [@p)ov} which are not covered
by the standard parametrizations, While probably small their
existence raises the question of whether the observation of

(@P)ov implies the existence of a Majorana mass term for the
neutrino. For a "natural"™ gauge theory we argue that this 1=
indeed the case,
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The associated questions of neutrinoless
double beta decay { denoted (pﬂln, ) and neutrino mass have
again become ofgeneral interest. A comprehensive recent
discussion is given by Doi et al [1] and a concise summary by
Rosen [2].

The classical analysis of the (ﬁﬁ)ov process
which of course predated gauge theories by many years, assumed
that it arose as a result of neutrino exchange between two
effective four fermion vertices. This is shown in modern language
in Fig. 1a , which illustrates the process at the quark level.
Thus, the parametrization of the (pﬁlgy process was considered
to be given fundamentally by the parametrization of the four
Ffermion single beta decay interaction. \

We point out here that the situation is more
complicated [3] if the weak interactions are described by a gauge
theory. For definiteness we consider (ﬁf)av in the framework of
the standard SU(2)xU(1) gauge theory. Larger gauge groups usually
contain SU(2)xU(1) as a subgroup and composite models are usually
contrived to also display this symmetry. Thus there is not
much loss of generality in doing so,

A rather minimal way [4], to naturally include
lepton number viclation in the theory is;%dd to the complex
¥Y=1,I=1/2 Higgs doublet a complex Y=2, I=1 disotriplet H:
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The theory need not contain any more than one two~component Weyl
neutrine field for each generationgﬂ;n a natural theory ( no
speclal adjustment of parameters ) bothm¢Pand ho will develop
non-zero vacuum expectation values giving the relations [4]:
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in standard notation. The vacuum value y is expected fto be small
compared to } , but the experimental constraints are not very
tight [6]. For our purposes it is important to note that the
singly charged field 2’ which 1is not absorbed by the gauge field
is the linear combination
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where we have assumed & to be small. HNotice also that the
"Yukawa" interaction of H allows a virtual A”" to annihilate into
two left handed electron fields ¢ el )} with strength 7ﬂ,/§. (o,
is a characteristiec neutrino mass). Then there are a variety of
diagrams for (P ),v which involve no virtual neutrino line and
hence can not e parametrized by the standard beta decay
interaction vertex. These diagrams will require a six~fermion
amplitude for their description: the effective Eggrangian will be
characterized by a parameter of dimension (mass) .

. A basic new diagram is shown in Fig. 1b. The
trilinear W-W-h++ vertex is due to a term in the fundamental
Lagrangiang;
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derived from the kinetic term "{/2_ Tr [(Drﬂ>+ D/“ HJ-

The strength of the amplitude for (Pﬁ)w from Fig, 1b is the
product of the four trilinear coupling constants and the three
propagators:
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Note that the triplet'vaeuum value has cancelled out of eq. 5.
For c¢omparison the "standard®" diagram given 1in Fig. 1a 1is
characterized by a strength [7]
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Here <p27 represents a suitable average of the squaredzfour
momentum carried by the virtual neutrino, say about (10 Mev)" .0f
course the amplitude for the underlying quark process must be
suitably [1,2] folded iqﬁthe description of the real nucleus. The
ratio
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is thus expected to be of order of /2 . Thus the contribution
of Fig. 1b seems negligibile.

Additional new diagrams involve a tri-linear
Higgs interaction ( see Fig. 1c). The relevant terms in the Higgs
Lagrangian are
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Taking into account the mixing between the charged components
of the doublet and the triplet Higgs , given by eq. 3, results in
the trilinear vertex
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The strength parameter associated with Fig. 1e¢ is then
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( m, 210 Mev is a light quark mass). e Fq. 10
inv%lves unknown parameters characterizing the effective Higgs



sector of the theory. Let us first estimate the contribution to
eq. 10 coming from the cland Czterms. These are dimensionless
parameters and can be reasonably expected to be of order unity,
at most. Further estimating m{k )= (X)x A* the ratic of this
amplitude to the standard one in eq. 6§ is roughly
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which is quite negligible. The contribution to eq. t0 from the
term { o has dimensiens of mass) ia potentially more
interesting. If one imposes lepton number conservation on the
theory A will be zero and there will be no contribution. Then
lepton number bresks spontaneously and one has a massless
"Majoron"([8]. Iu sucn a case & will alsc be very small. However
since ¢ does carry a dimensican one wmight regard it as an
indicator of a new mass scale [9] and let it remain. Then the
ratio of the ¢l contribution to eq. 10 to the standard amplitude
eq., 6 is roughly
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This indicates that ( even neglecting the suppression due to the
103 factor ) od would have to be of the order of the grand
unification mass scale for the diagram of Fig. 1c to play an
important role,.

The presence of the Higgs field X~ in the
theory also results in new diagrams of the standard form la in
which one or both of the W's i2 replaced by a X’ . These
diagrams, which also modify the V-A structure of the single beta
decay interaction, are quite small.

Thus we reach the coneluasicen that for the
SU(2)xU(1) theory defined by the Higgs content (1), the effect of
the new diagrams is quite small if one considers only mass scales
lower than that of grand unification.

One type of neutrinoless diagram which may
conceivably be relatively strong without superheavy masses is
shown in Fig. 1d. Here a new Y=-l isosinglet Higgs field ¥~
is introduced in addition to the doublet and the triplet. The



virtual .4  decays into two eg% rather than two €./S as in the
previous cases. In this case the ‘{'H €q eR Yukawa interaction
1s not proportional to the neutrino mass ( as was required
previously:.since the Af*el C:_ Yukawa term is related by an
isospin transformation to the hA°% ¥ term which generates
neutrince mass) and thus may be ¢f order vnity 110}, The terw in
the Higgs Lagrangian whioch generates the trilinsar
- x- 4,++ coupling in Fig. 14 i=

bTHS 47 4 he.

(13}
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The amplitude for Fig. 1d would then roughly be of order “’7“#?/§z
The rati>» of this to the usual awmplitude, which is suppressed by
.a factor of m, y 18 about

. r3 ) ' )
why mg (prr ()
m ¥

: Soulgbe sompurable foeng 4f My Lo excopionealy smalll Ofker medcls
7 To sum up we can say that while geutrinoless
diagrams might not be do_minant, a careful analysis of (ﬁp)”v
decays should really take into account their possible existence,
This is because the general structure { as opposed to detailed
predictions) of gauge theories seems to be the safest guide to
the parametrization of weak interaction amplitudes, It would be
desirable to develop c¢riteria [11] based on angular distributions
¢f the decay products for distinguishing these diagrams from the
usual ones,

We wilill conclude this note with a brief
diseussion of the relation between the (ﬂnp )y DProcess and non
zero neutrino mass, After noticing the existence of neutrinoless
diagrams one might be tempted to try to constuct models without
massive neutrinos and which would still give (ﬁ. Doy <« However
such a search would be in vain. For the model based on the Higgs
content (1) this result is obvious since eqs. (5) and (10) are
proportional to ™M, ., It is also true for the model with &7~
although this model gives an amplitude with noc 71, factor there
is an overall factor of Y=<k . Now in a natural theory H will
couple to the basic lepton doublet so that & non zero value of ?
will generate a neutrino mass.

S3til1l one might think that a yet more clever



choice of the Higgs representation content could do the job.

Rather than attempt an enumeration of all possible .Higgs

structures we will give a general and yet very simple proof that

the existence of (p Doy impl%ﬁg tnat the electron neutrino has

non zero mass. Essentially alyﬂneeds is to assume that the weak

interactions are described by a lvcal gauge theory. In this

framework c¢rossing sywmetry will hold sc the existence of(}a )au
implies a non zero amplitude for the virtual process O u de e,
This is showh iu Fig. 2, where the "black box® may contain any

mechanism whatsocever for gensrating {ﬁP}¢V . Now any realistic

gauge theory will include the ordinary W gauge field interaction

with the left-handed electron and neutrino and with the u and

d quarks, Using four of these vertices and connecting the lines

together a8 in Filg. 2 shows that we develop an amplitude which

gives a non zeroc Maliorana mass for the electron neutrinol

hne might object that some other diagram
might precisely cancel {12] Fig. 2 but this would eclearly inveolve
fine tuning of paramsters and would be uunnatural,

T"he converse question is whether a non zero
neutrine mass implies the existence of (Y?P )ay . If the massive
neutrino is of Majorana type, Fig. 1a shows that Cp ).y Will
occur. If the neutrino is of Dirag type the (pﬁ)av will not
occeur {13]. One may, however, exclude the possibility of
neutrinos being of Dirac type if one postulates a "strong-
naturality" in which no global conservation laws are assumed "a
priori™. In such a case massive neutrinos will be [14] of
Majorana type.

this work was supported in part by the U.S. Department of
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Figure Captions

Fig. 1 Diagrams for neutrinoless double beta decay in an
SU(2)xU(1) gauge theory. The standard diagram is Fig. 1a., It is=s
the only one which contains a virtual neutrino (of four momentum
P ). d and u are the "down" and "up" qguarks.

Fig. 2 Diagram showing how any neutrinoless double beta decay
process induces a ié to W& transition, that is, an effective
Majorana mass term.
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