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ABSTRACT

We consider an SU(2) x U(l) model having both
Dirac and Majorana mass terme for the neutrinoS} with an
"extended Higgs sector without natural flavor.conservation; Under
“these oonditions, we show tﬁat for a certain range'of the mass
parameters of the model, some new contributions.become important

for the neutrinoless double B-decay £(Bﬂ)ov] .

4= fermlon parametrlzatlon.' Schechter and Valle

Recently lt has bazlnmtlced by dlfferent authorsl_

"that in models where the neutrlno acqulres a Majorana mass from
:'a nggs boson trlplet new contrlbutlons arlse to . (BB) 'whlch

are of the slx-fermlon form and are’ not anluded in tbe usual

1 have,shown"

that in- SU(2) X U{l) models'these coﬁtributions are negligible

even when the nggs sector contaln&, ia- addltlon to. the trlplet
'and usual doublet, another doublet.' On ‘the other hand in leftff

rlght symmetric modelsz", the new contributions can'be.ae large -

as the usual one, 1nvolv1ng left- handed currents and a v1rtual

_ Majorana neutrlno {Fig. la).

In thls paper wa show that it 1s possiblé to
enhance the néw contrlbutlons in an SU{(2} x ©{l) model,
provided the neutrino is given Dlrac'and Majorana mass terms3.
Furthermore, in the model to be considered, natural flavor
conservation (NFC)? ig relaxed and two Higgs doublets are introduced.

As a consequerice, another'contribution to (BB)Ov becomes

_important, still mediated by a virtual massive neutrinoc, which -

. however simulates a right-handed current admixture, thus allowing

- . 5
for transitions of the type 0+ - 2%,

We use, in the follow;ng,'a nodel pzev1ously

consxdered by us, in a study of CP v1olatlon in the leptonlc )

sectorﬁ. The essentlal features of the model are. .
1) it has two nggs doublets and one trlplet,
il) the neutrlnos are glven Majorana and Dlrac messee;

111) NFC lS relaxed.

We can represent the nggs trlplet by a ZXZ matrix}_

- n+ ; : /_n++ﬁ . - L -

2o n® © -




For the applications of this paper we need to

consider the.following trilinear .and Yukawa couplings,
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for two lepton'generationﬁ; 'Had we assumed an U(1) symmetry7,
the_ ai'_térﬁs in expreséion i2)_w§uld not be éllowed. The
coupling constants . ui-.ﬁafé diﬁensidﬂ of mass and ;heir ordef
of_magnitudg will be impqrtant fof what folldws.” ki_ and A
are the vacuum expéététiqn véiués of the two doublets (i = 1,2)
and the Eripletngespeétifély; l;//§'= <¢?> , AMYT = <O

Now, for the Yukaw; COﬁpiingé; we notice that due to the
relaxation of NFC, the 4§ doublet is coupled to the right-

handed pfdjéction”bf both thé'charged and neutral sector. The

right-handed neutrino in expre331on (3) appears as a axwmquame :

of having both Dlrac and Majorana mass terms (1n the model of
Ref, 6 the Ve is a 51nglet so that there are no right- handed

currents}. In (3}, 8 is a_Cablbbo-llke angle for the leptonic

4.
sector and D, and A& are mass parameters related *to the

neutrino's mass eigenvalues,

1/2
t _ B+A 1 2 _ 11 :
m =5t [Di + (B A; ] (4)

"where B 1is a bare mass term for the right-handed, sterile

neutrino.

Defining the Majorana fields ¥ and w as ,
x =, + v, w=vg +vE (5)

the phenomenclogical neutrinos are expressed in terms of the

mass eigenstates, ¥ and w' , as follows,
— 1 - o, A
Xe cc, SC, cs, S5, Xe
- - 1
Xy, sC, - cc, 8s, s, Xy
= i (6}
- t
We s, 0 c, 0 wl
w 0 -s 0 c w!
L M L 2 4L _
le; = cosei r 8 % sinei ;, ¢ =cos8 , 5 = send)

where the mixing matrix has been parametrized as in Ref. 8.

The Majorana mixing angles are given by;
tan 29i = - Di/(A—B) (i = 1,2}
It is important for our considerations that the

parameters A, B and Di can assume quite large values, pushing

the rate for processes like u+ey close to the experimental
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upper limitss. As a matter of fact, the following hierarchy cén
be chosen, A = 0.1 Gev , D, = 10 GeVv , B = 10° GeV. In such a
case it can be seen from eq. (4) that ml is the mass of a very
light neutrino, of the order of a few electron-volts, while mI
is a heavy mass of the order of B .

We show in Fig. 1, at the quark:level, the
diagrams contributing to {BB)DU decay in this model. TFig. la
is the standard left-handed contribution parametrized by two
effective four-fermion interactions. Its magnitude will be
used as a reference value against which the.other diagrams will
be compared.

Let us now analyse the order of magnitude and
helicity structure of each diagram. In the standard diagram

(Fig. ta}, the two electrons are left-handed and its strength is

given by
g m,
— a
mw <Rt
when a2 x' is exchanged or by
)
g - (7b)
m* m
w i

when a w'  is exchanged. In the above <p*> is an average
four-momentum transfer sguared, of the order (20MeV)? (see
Nishivra, Ref. 5), MNotice that in (7b)}, the neutrino mass

. . . +2 -
appears in the denominator since, m, >> <p?> . In writing (7},

m,

we employed the neutrinc propagator <Xig XiL> = ———i:? since

2
-,
P 3

the vertices are of the same chirality. For vertices of different

chiralities, as occurs in other diagrams, we use <xﬁT x£> =

= “_E_:?' and analogously for w! . Notice that we have emitted,
pz_mi AR RN ; ) i

for simplicity, the mixing parameters coming from eq. (6). As

for the other diagrams, we show their resgeétive strength in
Table EI. In all these diagrams, .the electrons are produced with
the same chirality, namely, left-handedly. However, the diagram
e allows electrons of different helicities in the final state
(Fig. 2). PNotice that, had we considered in Fig. 2 the triplet
n instead of one of the doublets ¢z , the contribution would
vanish, as can be seen from helicity arguments (this term would
be proportional to the neutrino mass but with opposite helicities

for the neutrines). The strength of the diagram in Fig. 2 is

2 2 :
_EHE_E£E15_ (8a)
b

mH <P2>

for a xi exchange or

2 2
gqh Ieh B
. _*z

H ™3

(8
m

for a w; exchange.

VIn Table 1 and expressions (8), gqh and Top
denote, respectively, the couplihgs of quarks and leéeptons to
the Higgs bosons. For gqh we may assume the usual couplings,

1/2
gqh = mq GF ; while for gzh we uée the ngawa couélings from
expression (3). The trilinear coupling f . in Fig.le is read

from expression (2}.
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It must be stressed that the contrlbutlon shown
in Flg 2 le typlcal of our model and 15 a direct consequence of
haviﬁq re;axed NFC, thus allowing the_coup;ing of . ¢ _with the
two eharqe_seCtors, as mentioned:ﬁefere.'-We eee-from Fig. 2 .
thee thié;eew conffibution; nefmite transitions,of the'type
6f > 2 }'whlch have been reqarded as typlcal of rlght handed

'currents._ Our model w;th expllc1t flavour VlOlatan SLmulates

a rlght—handed current admlxture.-

Coming back to the standard contrlbution (Fig. la};

we notice that. it is dqmlnated by’ w{, exchange, since we have
been assuming m; % 0 (10 eV) , m{ = 0 (1 Tev) and. <p >« 0 (20 MeV)2,

Inrﬁhis_caee;

Amp. (la,x') 1
Amp. (la,a')

and we compare the contributions f;om Table 1 and (8)] with
Amp. {la,w'). Diagrams 1lb and 1c ~are also dominated by u'

exchange and we have,

Bmp. (1.b) _ _%gh %h M 9y
Amp. {(l.a) . - . 2 2
- Lo mg g :
and
: Y 2 i
' . g g m -
- Amp. (}.c) = gh {h W (10)
Amp. (l.a) Cogtmy

My

It is straightforward to check that both Fig. 1b and Fig. lc

give a sma;l contributioﬂ,'

amp. ({lb,c) - 10—(5—6)
Amp. (1a)

For Fig. 1d, we have,

amp. (1.d) . _ "M -2 _ (11}
Amp. (L.a) jul

while for Fig. le, the foliowing result applies,

amp. {l.e} .
Amp. (l.a}

107" (£/Gev) aw

The trilinear coupling £ , comes from two
different contributions as shown in expression (2). The first.
is induced by a tadpole and can never be made as large as 10% Gev,
so as to make (12) of order one. However, the other trilinear
couplings that are present in the Lagrangian, even hefore
spontaneous breaking, are arbitrery, with dimension of mass and
can be made as large as we please. 1In particularf differently -
from Schechte: and Vallel, we do not need £ to be of the order
of the grand unification scale, for Fig. le to give a contribution
of the same order as the standerd mechanism. If £ .is about
10* GevV , a neighbouring mass scale, Fig. le is comparable to
the usual contributiocn.

We now eurn to the estimate of Fig. 2. In this
case the dominant contribution comes from x'l exchange (eq.8a)

and,

. 2 - .
amp. (2) _ Mg Or p|° ™ 13)
Aamp. {1a} B
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With the values for the mass parameters, as

discussed before, we come to the interesting result that,

Amp. (2) L 5 o (14)
Amp. (1a) :

thus enhancing transitions of the type ot - 2t

Recently, Haxton et al.(g) have argued that
nuclear physics effects suppress the contribution from the tri-
linear term of Fig. le. These authors estimate that this
contribution is about three orders of magnitude smaller than the
previgus evaluation by Mohapatra and Vergados(l). This argument
 does not invalidate our result since, as shown in Eg. (12}, the
magnitude of such a contribution is controlled by the trilinear
coupling £ , which is arbitrary. There is no a priori reason
for .f to be small, it could well be of ﬁhe order 107 Gev ,
in which case even taking into account the suppression factor
pointed out by Haxton et al., Fig. le would still contribute
significantly to (Bs)ov . On the other hand for the diagram
shown in Fig. 2 the arquments in Ref. 9 do not apply (Fig. 2 is
of the d-fermion type). .

In conclusion, we have seen that in a model with
bdth Dirac and Majorana masses and without NFC, it is possible
fo enhance a 6-fermion effective interaction as shown in Fig.
le, provided there is an intermediate or neighbouring mass
scale, wherein lepton number is explicitly broken, A consegquence
of abandoning WFC is to have a contribution to the transition
0+ - 2+ which is of the same order of magnitude as the standard

contribution, simulating a right-handed current effect.

.10,
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FIGURE CAPTIONS

FIG.

FIG.

1

l.a

.

Diagram for (BB)Ov—decay.

The usual diagram via massive Majorana neutrinos, xi

being the light neutrino (m;) and mi the heavy one .

(mi).

As in l.a with one of the W-hoson replaced by a single .

charged Higgs. Our notation implies a transition

propagators '<¢;n_> where ¢; (i = 1,2) and 7 are

not the mass eigenstate.
Two-Higgs contributions, notation as in 1l.b- .-

. o s - = ++ '
A contribution from the trilinear W W n ~term.

- A contribution from the pure Higgs trilinear {eg. 2)). -

Contributions from the ¢; doublet to (Bs)ou .

This diagram gives a 0+ > 2% transition.
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