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We calculate neutrinoless double-f3 decay due to doubly charged Higgs bosons, which
occur naturally in left-right-symmetric models. We find that the comparison with known
half-lives yields values of phenomenological parameters which are compatible with earlier
analyses of neutral-current data. In particular, we obtain a right-handed gauge-boson
mass lower bound of the order of 240 GeV. Using this result and expressions for neutri-
no masses derived in a parity-nonconserving left-right-symmetric model, we obtain
my < 1.5 eV, my, <0.05 MeV, and my, < 18 MeV.

The properties of a left-right-symmetric model
based on a SU((2); XSU(2)g X U(1)p_; gauge
group have been developed in several recent publi-
cations.! Although at low energy the predictions
of this model coincide with those of the standard?
SU(2); X U(1), in general this model contains in-
teresting new features such as the existence of mas-
sive right-handed gauge bosons and heavy Majora-
na neutrinos. If in addition to the usual minimal
Higgs structure there is at least one additional
Higgs multiplet of high dimensionality containing
doubly charged scalars in either of the models,
then the phenomenology becomes more exotic.*
For example, coupling to ordinary fermions allows
tree-level AL =2 reactions. However, from a de-
tailed analysis® it has been shown that in the stand-
ard model the coupling of doubly charged Higgs
bosons to fermions is too small to be detected and
therefore not very exciting. For a study of 38 de-
cay in SU(2) X U(1) theories, see Ref. 4. In the
left-right-symmetric model, heavy doubly charged
Higgs scalars can occur in association with heavy
Majorana neutrinos and, because of their large
mass, their coupling to the fermions is stronger.
These effects may be observable at future accelera-
tors, but clearly predictions should also be con-
sistent with existing experimental constraints on re-
actions such as u—ey and double-3 decay.’ The
purpose of this paper is to examine in detail the
neutrinoless double-B decay predicted by the left-
right-symmetric model with doubly charged Higgs
bosons. We find that the values of the models’
phenomenological parameters which are necessary
to predict a neutrinoless double-f3 decay rate equal
to a small percentage of the total B3 decay rate are
consistent with the values obtained previously from
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earlier analyses’® of neutral-current data. From
this we can conclude that there may be a contribu-
tion to neutrinoless 33 decay as predicted by the
left-right-symmetric model, and without the ex-
change of a Majorana neutrino. At the same time,
setting the right-handed Higgs-boson and Majorana
neutrino masses approximately equal, we find that
the predicted neutrinoless decay rate is proportion-
al to 7>, where v/ is approximately equal to
the ratio of left-handed to right-handed gauge-
boson masses. Thus, this ratio is not very sensitive
to the proportion of B decay which may occur in
the neutrinoless mode; for example, a reduction of
this proportion by an order of magnitude would
imply a decrease in the mass ratio by only a factor
of ~1.2. On the other hand, because of this large
power dependence we can also conclude that a
value of 17z somewhat greater than the limit that
we obtain (1 <0.12) would predict neutrinoless
decay ratios that are much too large.

To incorporate doubly charged scalars in the
left-right-symmetric model, the symmetry is bro-
ken by Higgs fields with the following representa-
tion>7:

A——
Apr=|AT (1,0,2) and (0,1,2) ,
AO
LR (1)
X0 x+ .
= - 0 (_,_,0) .
X X 222
The vacuum expectation values are
0 R0
(A= 0 |, (H)= |4 41> 2)
UL,R
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where v, 2, h'? <<h?, g2

The neutrinos obtain Majorana masses by cou-
pling to A; and Ai. The interaction terms which
are allowed in the Lagrangian by the gauge sym-
metry and which are of interest to us are the fol-
lowing.

(1) Coupling between doubly charged Higgs bo-
sons and leptons:

Li=w;fCA+y5) AR, 3)
where k; can be fixed from the fact that the doubly

charged Higgs bosons also generate a Majorana
mass in the heavy neutrinos N. That is,

My My
2UR - 4MR C

K= (4)
where Mg? (~ +g%g?) is the mass of the right-
handed gauge boson Wy and My the mass of the
heavy Majorana neutrino.

(2) (a) Coupling between the doubly and singly
charged Higgs bosons:

Ly ~(AMoHHA . (5)
(b) Coupling between doubly and singly charged
Higgs bosons (of mass M) and right-handed
gauge bosons:

Lyw ~(AoMo)(0 H)WHA . (6)

(c) Coupling between doubly charged Higgs bo-
sons and two gauge bosons:

Values of the coupling strength A,M, will differ
for the three cases above; they are,>? respectively,

(a) AgMy~My, where Ag~1 can be chosen ,
(b) ApMo~(g /Mg )My , (7
(c) AoMo~(g/Mp)Mg* .

Neutrinoless double-f3 decay can proceed
through coupling (1) and any of the three cou-
plings in (2) above. The processes are described in
Fig 1. The strength of each interaction can be es-
timated by considering the nuclear matrix elements
as follows (we show only the useful terms in each
expression):

2
8, ()»()M()) .
(a): ~—;lH—4MA~2~<f|Js[J><J|JS|1)’
(b): ~m<f|JS(2k—q)”|J)<J|J¢R|l> ’
Shohy) (8)
(c): ~£_“L<f|J#R EAACARI7MEN

Mgp*M 2

FIG. 1. Double-f3 decay via coupling of the A~ ~ to
an electron pair and to (a) two singly charged Higgs bo-
sons, (b) singly charged Higgs boson and right-handed
gauge boson, and (c) two right-handed gauge bosons.

where g, is the coupling of the Higgs scalars with
quarks and can be assumed to be small since it is
related to m, and the masses of the quarks’; that
is, gg~my/Mpy. Here M, is the mass of the dou-
bly charged Higgs boson, Jg is the scalar part, and
J¥g is the right-handed vector part of the nuclear
current. Near the completion of our work we be-
came aware of a B8 decay calculation'® based on
the process shown in Fig. 1(a). However, by com-
paring the relative values of (AqM) in Eqgs. (7) and
(8), we can infer that the process described in Fig.
1(c) dominates in neutrinoless double-3 decay pro-
vided the nuclear matrix elements do not differ
from each other considerably, even with the as-
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sumption My ~M, ~100 GeV that was made in
Ref. 10. With the likely possibility that My >>M;
(the left-handed gauge-boson mass), the process in
Fig. 1(a) is suppressed even further by the Higgs-

J

d*k iF(k?)

iF[(k—q)] i

boson propagators. Therefore, from now on we
will concentrate on the reaction in Fig. 1(c).

In terms of the couplings described above, the
amplitude for the process can be written as®!!

M:%ZK(AWO)fd“x [ d%

(2m)* k2—Mg? (k —q)*—Mg? ¢q*—M,*

(1—P,)L

—i(E;—E;)yy —IHE;—E)xy _j(x —vy)k i(kipgtks,)x
X ze T Oe JTEf Oe i(x—y) ke leT"2e
J

XA TR | IT TR i), )

where
L :ueT(kZe’SZ JC(147y5s)ue(kie,sy)

and other various symbols are defined in Fig. 1.
Py, is the electron-exchange operator. From a de-
tailed analysis an expression for (A¢M) has been
given by Rizzo® as follows:

)"OMOZ}\'MRz ’
where
)\' 4\/§GF‘I]R 172
=2 ’

(1+7z) (10)
2 ”?2

nRZﬁL?_“’MLZ/MRZ ,
UR

and M, is the mass of the left-handed gauge bo-
son, which is expected to be much smaller than
M.

For the vector form factors we use the dipole
parametrization |

M ig’k(AoMo)M43(1—P1,)L8(E; —E; —¢,

—€2) [ P3a°5 G(f |IRIRH(Y) |i)e " Fret Kol X

12027 )°M Mg *

where

G= fd3Ee,-E’.7 6 11 24

I
2 1

Flk)=———————
(k) (1—k2/M2)?

where!> M, =0.85 GeV/c. The use of the form
factor is rather important; without it the transition
rate would be greatly suppressed, and also poorly
understood nuclear short-range correlations would
become significant.!®

Following the usual procedure in earlier 383 cal-
culations, we invoke the closure approximation for
the sum over intermediate nuclear states, taking
E;~{Ej;) to be some appropriate average energy.
We also neglect all external-momentum dependence
in the form factors and propagators; this is a very
good approximation and it simplifies the calcula-
tion substantially. We also take into account the
fact that (E; ) —E; is much smaller than M, and
Mp.

With these approximations it is now possible to
do the integration over yq, X, and ky. After a
tedious but straightforward calculation we obtain

(11)

—
X

(12)

22 24

0 Ml or'Mp' Milo,’ " Moy’
and
wR?=KK+Mp% ol=K-K+M>: T=%—7V.
The integral G can now be evaluated exactly to obtain
—M,r 2 4
Q2m)te 4 5 5 M, 4
=—————F—— 134+3Mr + M, r°)—11(1+Myr) | — 72 | ——
16MR4MA5 4 4 + 4 MR + MR
5
192 My —Mpr 176 | | My
—+24 ATTRT_— | |~ .
T Mer T M,r | | Mg ‘ 13
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The form of this result is similar to the one ob-
tained for a process mediated by a heavy Majorana
neutrino'%; in that case the exchange of a heavy
lepton gives rise to an effective Yukawa interaction
~e M /r, where M is the Majorana neutrino mass.
In our case the nucleon form factor takes the for-
mal role that the Majorana neutrino would have
—M,r —Mpr .
taken, and the factorse 4 ande X appear in-
stead. Note also that we are dealing in a mass range
Mp >>M, therefore the leading term dominates and
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This is the result that we would have obtained if
we had ignored all the momentum dependence in
the right-handed gauge particle propagator from
the beginning, say by treating the interaction in
terms of an effective Hamiltonian with an effective
coupling between the leptons and the nucleons, as
was done in Ref. 10.

To simplify the subsequent steps we retain the
leading nonvanishing terms in the sum of the elec-
tron momenta, ki, +kj,,=—P;. Then our ampli-
tude becomes

(2 )2 —MAr
Gl —(343Mr + MY . (14)
16M ,* My
J
B ig Kk (AMo)M*(1—P,)L8(E; —E; —€, —¢,
N 192Mz*M 2
with

F(r)=(G3+3M,r +M e 1"

The right-handed weak hadronic current is

J

W)= 58, (X7 cy+ca 75y (%) (16)

We assume that ¢4 /cy=1.2, and inside the nucleus
we use the nonrelativistic expressiops

CVTi+’ :U':O
L li)=

WU e 1t @, 0. un

Thus, inside the nucleus the hadronic current den-
sity is

JR(X)=

225

and we obtain

TR =7 T (¢ =420, F))

(18)

To proceed we must now evaluate the integral in

)
[ X d*5(f |THEIRGIF(r) |i) (15)

-
Eq. (15). Nuclear matrix elements similar to the
one which appears in the integrand have been cal-
culated in some of the earlier 3 calculations by
using shell-model wave functions. The calculations
are complex and different authors have obtained
substantially different results for the same transi-
tion.> In our case, we will ultimately extract a
value of the ratio v/ng~M; /My from a compar-
ison to experimental half-lives. This parameter
will appear in our result as (M, /Mg)'°, so that a
moderate uncertainty in the matrix element will
have a very small effect on our final value of
V/ng. Thus it is quite adequate to use the follow-
ing approximation'*:

[ a*xd*y (s I8 )
My= [ dXEY(f|TREIRHT) i),
(Fy= [ F(nP(D)d’F

WRHIF(r) | i y=(F )My ,

(19)

IR —r 7!, ro<r<2R

PO=o , .,

with nuclear radius R~1.14 '3 fm and a nucleon-

nucleon hard-core radius #, ~0.4 fm. Straightfor-
ward integration yields

(Fy— 483 (e—-MArc_e—2MAR)+ 482("c MArC_ZRe_zMAR)+ 24 (rcze—MArc_4Rze—2MAR)
MA MA MA
+ T(r e M _gR3e MRy L M (r e M 16R e TN 4 (0[R2 7. (0)
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Note that the exponential damping which would strongly suppress the rate of decay via heavy Majorana
neutrino exchange is moderated in our case due to the momentum dependence of the form factors.'?
Squaring the total amplitude, summing over electron spins, and integrating over phase space yields the

following expression for the decay rate:

Gr* ng®  M,°m,

Oov__
72027)° (149g)* M2

where
m,T =M;(4,Z)—~MsA,Z +2)—2m, ,
F,(Z)=2maZ(1—e~™%)~1,
Fov(T)———%(T4+10T3+40T2+60T+30) .

The Fermi factor F,(Z) takes into account the dis-
tortion of the electron wave functions in the
Coulomb field of the nucleus. This expression for
the decay rate was obtained with the assumption
My ~Mgr ~M,. From Eq. (4), the value used for
k is ~0.16.

In order to obtain estimates of g we compare
our expression to the rate predicted by the stand-
ard two-neutrino decay calculations. Those calcu-
lations give reasonable agreement with the experi-
mental data, and by taking this approach we do
not need to calculate .#; explicitly. The two-
neutrino decay rate is given by!®

_ GF4me9|Fe(Z) I i

A% My | F(T), (22
‘uoz( 27 )7 l L I 2
where
212
F,(T)= o T7(T*+22¢3 422072
+990T +1980) ,

M= [ BPREFf TR i)

and p=pom, is an average of the energy difference
between intermediate and initial nuclear states.

Taking'®!7 1y~ 20 yields the following ratio for
BOT (T=5 MeV):
A% 3 s
R=F=4.5X10 MR - (23)

In obtaining this result we made the reasonable as-
sumption # g ~.# . Although at present there is
no convincing evidence that the neutrinoless mode
contributes significantly to the double-f3 decay of

5
|F(2Z)|*| Mg |*| (F)|*Fo(T), @1)

[

130T, earlier analyses® indicated a maximum con-
tribution of ~10%. If we assume this value for
the ratio R, we obtain

MR SOIZ ’
My ~M, /V/ g > 240 GeV .

(24)

Note that the value of 7y is not very sensitive to
the value of R, and a decrease of an order of mag-
nitude in R would only change 77z by a factor of
~1.6. At the same time, however, a small increase
in ng would predict neutrinoless rates that are
much too large.

In previous analyses'® of double-B decay there
have been two approaches in trying to justify a
possible contribution from the neutrinoless mode to
the total decay rate. One approach relied on a
small (~107°) right-handed component in the
weak interaction, and the other one assumed that
lepton-number violation is due to an electron neu-
trino with a small Majorana mass (~ 30 eV). More
recently,! an approach to spontaneous parity non-
conservation based on left-right-symmetric
SU@2);, XSUQ)g X U(1)z _; has been shown to
bring out explicitly the connection between the
neutrino mass and the suppression of the right-
handed weak interaction. The resulting estimate
relates the neutrino mass to the mass of the right-
handed bosons:

mvlzmlz/gMR . (25)

Thus, using our result for My it is possible to put
a limit on the neutrino masses: m, <1.5 eV,

my, <0.05 MeV, and oy < 18 MeV. Although in

general there could be mixing among the neutrinos
of different families, between W, and Wj, and be-
tween Af ~ and Ag ~, we have neglected® any such
mixing for the purpose of our conclusions.

In summary, we have shown that experimental
information about neutrinoless double-f3 decay puts
a stringent lower bound on the masses of possible
right-handed bosons in left-right-symmetric
models. Moreover, these limits (7z <0.12 and
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My >3M) are consistent with the results of a
comprehensive analysis of neutral-current data.!®
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