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We derive limits on the mass of the right-handed Majorana neutrino (Vg) in terms of the mass
of the right-handed Wx boson in left-right-symmetric theories of weak interactions from the re-
cent results on lifetime for neutrinoless double-g decay of "°Ge as well as from theoretical con-

siderations of vacuum stability.

One of the new particles that is required for the con-
sistency of the left-right-symmetric models' of weak in-
teractions is the right-handed neutrino. Understanding of
the small mass of the left-handed neutrino requires that
the right-handed neutrino have large Majorana mass.>3
The value of the mass depends on two parameters: (a) the
Yukawa coupling of the right-handed Higgs multiplets®
Agr and (b) the mass of the right-handed Wgr boson.
Phenomenologirally this value can be anywhere from a
few Gev (Ref. 4) to as large as, or perhaps larger than, the
mass of the right-handed Wx boson. An extensive study of
the phenomenological constraints on the mass of the
right-handed neutrino has been given by Gronau, Leung,
and Rosner.* Our goal in this paper is more modest and
should be taken as a supplement to the work of Ref. 4. We
consider limits on the mass of the right-handed neutrino
(Ng) from two considerations: (a) theoretical considera-
tions of vacuum stability and (b) most recent data’® on the
neutrinoless double-g decay of 7°Ge.® In both cases, we
correlate the mass of the right-handed neutrino with that
of the Wx boson.

BOUND ON My, FROM VACUUM STABILITY

It is well known from the works of Coleman and E.
Weinberg’ that one-loop corrections to the tree-level po-
tential in a gauge theory can affect the picture of spon-
taneous symmetry breaking and lead to vacuum instability
unless the parameters of the theory are restricted to a lim-
ited range. These considerations have been utilized to ob-
tain lower bounds on the Higgs-boson mass® as well as to
obtain upper bounds on the fermion masses’ in the stan-
dard model. In this note, we use the same techniques to
limit the mass of the right-handed neutrino.

To carry out our derivation, we remind the reader that
the right-handed neutrino mass owes its origin to the
Higgs mesons’ A;(3,1,2) +Ag(1,3,2) with transformation
properties under SU(2); xSU(2)gxU(1) 3, group indi-
cated within parentheses. Denoting the leptonic doublets
by yr=(v,ef ) and yrg=(Ng,eg ), the relevant Yukawa
coupling can be denoted by

Ly=hlyl/C ')A,y +(L—R)]1+Hec. 1)
where
At AtH
AL= ,
L A At ],
34

and similarly for L<>R. The B —L as well as the SU(2)g
symmetry are broken by (A) =Vx=0. This gives mass to
the Wg and Zg boson, i.e., My, =gVr as well as to the
right-handed neutrino Ng: My, =hVg. The Higgs poten-
tial involving the A, and Agr receives one-loop contribu-
tions from the gauge and Yukawa couplings as

3 h*
V(lloop)= [_l- 44 (024 12)2] —_
oan? 2% (g"+e ,-.%,,, 6472
x(AS* A2 InARTAY +(R—L) , )

where we have suppressed the At A& terms since they
do not play any role in the symmetry breaking and g’
represents the U(1)p—; coupling. We have also ignored
the contribution of Higgs-boson self-couplings A to V! 10%P,
It is clear that vacuum stability requires that

Y hf=303g'+(g*+gD) . 3)

i=e,ut

Using the fact that g =ecosfy and g’ =e/sec28y, we
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FIG. 1. Allowed values for the Mw, and My, from recent re-
sults on neutrinoless double-g decay and vacuum stability.
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find that
[z MNR,;‘] 4<0.95My, , 4)
i

where we used sin?6y =0.22. This is our main result. The
main uncertainty in this inequality comes from lack of
knowledge of the Higgs-boson self-coupling A; if we as-
sume it to be one, the bound becomes

[ZMNRJ.“] VA <1.18M, . (5)
i

Furthermore, if right-handed neutrinos of all three genera-
tions have the same mass, then we can bound that mass
My =<0.9My, using Eq. (5). In Fig. 1, we plot this upper
limit on a semilogarithmic scale.

CONSTRAINTS FROM NEUTRINOLESS
DOUBLE-S DECAY

It was pointed out in Refs. 3 and 10 that neutrinoless
double-p decay!! gets additional contributions from heavy
right-handed neutrino intermediate states in left-right-
symmetric models. There are basically two kinds of contri-
butions:'? one that involves two W, exchanges and the oth-
er that involves the exchange of two Wpx bosons. In the
first case, the amplitude is proportional to

e —Mpyr Me
MLL = GFzézMN< >nuc’ where 52 ’ )
r My
whereas in the second case it is given by
e —Myr
MRRszz(MWL/MWR)4MN< . >nuc . (7

For My in the GeV range, £2=2.5%x10"%/(My in GeV)?
and ML is then negligible compared to MRR for My,

=<20TeV. The estimate of the nuclear matrix element
has been reviewed in Ref. 11. Using the latest experimen-
tal results we can limit the right-handed neutrino mass in
terms of the W mass. This is done in Fig. 1. The region
to the left of the left line (the shaded area) is forbidden by
the latest neutrinoless double-g decay results.

There are also limits on the 0t — 2% transitions that

arise in left-right-symmetric models. Their typical
strength is of order
My, ?
MLRz(;Fzg[MW:] ) (8)

Ejiri et al. have the best bound on this lifetime® of
0% — 27 transition in "°Ge to be > 4.6x 10?2 years which
implies é(Mw, /Mw,)*<1.6x107°. For My=2 GeV and
Mw, =038 TeV, é(My,/Mw,)*<0.2x107°. Therefore,
no new constraints on My, emerge from this decay mode.

One important implication of this analysis is that for
lower My, the right-handed neutrino must be heavier; for
instance, My, =2 TeV implies My, =17 GeV or so, and
MWR = MNR at MWR=0.8 TeV.

In summary, we have obtained limits on the mass of the
right-handed neutrino in terms of the mass of the right-
handed Wx boson, which will be of phenomenological in-
terest in the analysis of left-right-symmetric models. Our
result is based on the theoretical input that uses vacuum
stability arguments at the one-loop level and the latest ex-
perimental results on neutrinoless double-g decay. It may
be noted that there exist other constraints on the My,
masses in the MeV range from cosmological considera-
tions'? as well as weak decay processes.* The new con-
straints of this paper are complementary to these.
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