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ABSTRACT 

We consider a left-right symmetric model with the standard assign
ments of fermion and scalar fields which possesses a strictly con
served lepton number. 

1. INTRODUCTION 

In many extensions of the standard model neutrinos are massive. We know 
from experiment that neutrino masses must be much smaller than those of 
their charged counterparts [1,. In models with only Dirac mass terms this fact 
is hard to understand. Since neutrinos are electrically neutral they can also 
have Majorana mass terms. If in euch a theory there is a heavy scale small 
neutrino masses are obtainable via the seesaw mechanism. However, this mech
anism usually creates a large hierarchy among the light neutrino masses and 
the cosmological bound 

£ m ^ l O O e V (1) 
v light 

is difficult to satisfy if m„„ is of the order eV. Therefore one has to make the 
i/^ and ur sufficiently unstable to circumvent the bound (1). This requires in 
general the introduction of additional fields. 
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Here we want to discuss a three generation left-right symmetric model [2jJ 

which has a strictly conserved lepton number of the Zel'dovich-Konopinski-
Mahmoud (ZKM) type [3j. It contains a light Dirac and a light Majorana neu
trino. Moreover, the seesaw mechanism is effective despite of the existence of 
Dirac neutrinos, the copmological bound (1) can naturally be satisfied with 
the right-handed scale in the TeV range and there are no additional fields in 
the model other than the minimal set which is required by the gauge group 
SU(2)i x SU(2)n x U{\)B-L and its spontaneous breakdown to U(\)m [4j. 
Therefore we call it a minimal left-right symmetric model (MLRM). 

2. THE MODEL 
The Yukawa interaction of the leptons in the MLRM is given by 

(2) 
where the lepton doublets transform as 

1 ^ ( 1 / 2 , 0 , - 1 ) , V- f l - (0 ,1 /2 , -1 ) 

and the Higgs scalars as 

$ - (1 /2 ,1 /2 ,0) , A L ~ (1 ,0 ,2) , A R ~ (0,1,2) 

under the gauge group. These scalars comprise the set of Higgs scalars in the 
MLRM apart from fields8 which appear only in the potential and which are 
necessary to obtain spontaneous CP violation and a small vacuum expectation 
value of A/, at most in the eV range. If this were not the case the mass of the 
electron neutrino would be too large as can be seen from the mass matrix. 

After spontaneous symmetry breaking the neutrino mass term is obtained 
as 

* Jn-\ Cvma..= ^C-'M^ + h.c. with u= I ^ ) (3) 

being the right-hanued neutrino fields and 

/ V2u'LG'L MD \ J 

3See Ref. [2] also for further reference!. 
3In the timptest cue one can take a pseudoicalar gauge singlet. 
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the neutrino mass matrix. The vacuum expectation values are given by 

FYom a consideration of the K°K° system the mass of the predominantly right-
handed charged gauge boson Wj and therefore also the value of the \UR\ should 
be at least in the few TeV range [5]. Henceforth we shall assume that wc can 
neglect u/,. Furthermore, one has to impose the condition det GR ^ 0 for the 
seesaw mechanism to be operative. Otherwise, there would be light neutrinos 
with masses of the order of those of their charged partners. 

The three generation model we want to discuss is given by the Yukawa 
coupling matrices 

(0 g ON 
Ci.j diagonal, GL = GR = \ g 0 0 . (6) 

\ 0 0 h) 

This model can be obtained in two ways from symmetry requirements: 

i) Imposing the ususal left-right symmetry and a strictly conserved lepton 
number. 

The usual left-right or parity symmetry gives the condition 

^ 1 , 2 = £ l ,2 i GI = GR. (7) 

Apart from a case with extensive fine tuning in the charge lepton sector there 
is a unique way to impose a lepton number under the condition det GR ^ 0, 
namely 

This transformation gives rise to the model (6) with the conserved lepton num
ber L = L\ - Lj of the ZKM type. This symmetry remains intact after the 
spontaneous breakdown of the gauge group because the Higgs fields have zero 
lepton number. 

ii) Imposing a generalized left-right or parity symmetry. 
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A generalized left-right or parity transformation is given by 

AL(r) -f - A n ( i ) 
A f l (*) — o t A t ( ä ) 

$ } (x) 
(9) 

with Ja £| = 1, x — (x°, — x) and the gauge bosons transforming in the usual 
way. The unitary matrices Up, Vp act in flavour space. Such a transformation 
leaves the gauge part of the Lagrangian invariant but induces restrictions on 
the Yukawa sector. For the simplest case Up = Vp = 1 and ai — - 1 they are 
given by Eq. (7). One can show that there is a unique case giving restrictions 
on all three generations. This case coincides with the Yukawa couplings of Eq. 
(6). The simplest way to realize it is by choosing 

UP = 1, — i aL = - 1 . (10) 
1 

Thus one can regard the generalized parity transformation (10) as the reason 
for the appearance of the lepton number L = L\ — Xj. 

Considering the neutrino mass matrix of our model it is obvious that it 
decays into a Dirac part with non-trivial L — L\ — L% 

M[V = 

( 0 0 a 0 \ 
0 0 0 6 
a 0 0 d 
0 6 d 0 

with m f p — I j I > m„D ~ |<f| (11) 

and a Majorana sector (L s 0) 

m, "M * | L | , 
e 

mN„ ~ |e| (12) 

'^Dt VM denote the light Dirac and Majorana neutrinos, respectively, whereao 
No, NM denote the heavy ones with masses of the order of the Wj mass. 

Using the cosmological bound (1) and taking a, 6, c of the order of the corre
sponding charged lepton masses one gets bounds on mjvD and rnnM, respectively. 
For the three possibilities to choose L the lowest bounds are obtained by taking 
L - Le - Lr. Thus one gets, e.g., mVM -~ m*/m/vM ~ 10 keV/m^M{TeV) which 
requires m^ M * 100 TeV to satisfy (1). A right-handed scale of such an order, 
however, virtually excludes any left-right effects at low energies, e.g. in K°K°. 



5 

Fortunately, one can find a further symmetry, namely a generalized CP 
transformation [6] which does not destroy the relations (6) but sets G\ = 0. In 
this way one can easily see that 

<*^ \-
V 

| 2 mtmT f l U e K 
m * D 

<*^ \-
V mND " mNo (TeV) 

mvu 
**>*> 

V mNM " mNM {TeV) 

(13) 

because \w/v\7 is naturally of the order (mfc/mi)2 < 1 0 - 2 . Now the cosmological 
bound is easilj' satisfied with m^D, mtfu in the few TeV range. 

3. RESULTS AND PHENOMENOLOGY 

i) The model has a light Dirac neutrino VD associated with both the electron 
and the tau, and a light Majorana neutrino UM coupled to the muon. mVD 

and mVM are both "naturally" in the eV range. "Natural" means that mup 

and rnUM are related to the masses of the charged leptons and the gauge 
boson Wi by a symmetry. The mass of Wt is assumed to be in the few 
TeV range as suggested by consideration of the K°R° system. There is 
also a heavy Dirac neutrino Np and a heavy Majorana neutrino NM with 
masses of the order of the W3 mass. 

The most remarkable feature of this model is the fact that all light neu
trinos can have masses of the same order in contrast to the usual seesaw 
mechanism. With the right-handed scale in the few TeV range the cosmo
logical bound on the light neutrino masses js automatically satisfied. 

ii) The model possesses a conserved lepton number L = Lt~ LT of the ZKM 
type. Thus, classifying the leptons according to L we have 

e~,i* +, up,No with 1 = 1 

and 
^,uM,NM with 1 = 0. 

For three generations this is essentially the unique possibility of assigning 
a lepton number in the MLRM. 

iii) As a consequence of the conserved lepton number the processes /x —» ey, 
p -* eee, e~^ -* p~e+, /*e-conversion, K+ —> 7T~e +e +, neutrinoless 
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double ß decay (Z, A) —* (Z -f 2,A) + c~ + e", neutrino oscillations etc. 
are all forbidden. 

iv) Among the allowed processes we have e~ —• T + conversion which is, how
ever, of second order in the weak interactions with additional suppression 
factors. The probability of getting T + instead of e~ in »/p-scattering is of 
the order (m„ D / 'm e ) 2 < 1 0 - 9 for neutrinos coming from irt2, A'ej decays. 

At high energies the heavy u- utrinos can be produced which decay like 
NQ —• c _ W u ) T + W i ~ 2 a n c ' NM -* f^W^j. Thus one could have charac
teristic signatures such as e"p —» T+X and pp —* e + r + X , p.*fx+ X with A' 
being purely hadronic. 

At low energies the only obvious test of the present model seems to be 
the determination of the fp mass. 
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