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1. The question as to whether the neutrino masses are iden
tically equal to zero and the related question about lepton 
mixing are extremely important . Recently a direct experiment 
to measure the iie -mass from 8H -decay 1 11 and a number of 
search experiments12- 61 for neutrino oscillations / 7,8/ in
creased the interest of the question as they seem to give some 
indications for nonzero neutrino masses . It is worth to notice 
that the recent developments of grand unified models nicely 
accomodate finite neutrino masses 1W 

There are several schemes of lepton mixing and neutrino os
cillations, a Table of which was given for example in ref . 1101 

for the case when the initial neutrinos are ~ . In this note 
we wish to discuss one possibility which does not appear in 
the Table. Namely the following one: In the lepton sector Na
ture has just chosen among various possibilities that which 
makes the description in terms of Majorana masses on the same 
footing as the description in terms of Dirac ones . This possi
bility seems to us attractive for the following reasons: 

i) The fact that classical massless Di rac longitudinal neut
rino is indistinguishable1111 from the Majorana one is rather 
suggestive. 

ii) In a recent paper 1121 it was shown that in the most 
general case it is impossible to observe a different behaviour 
of neutrino oscillations for the case of Majorana and Dirac 
masses. 

Before we expose the new scheme let us briefly summarize 
all the lepton mixing schemes, having in mind that the charged 
lepton current has the form 

ja -2(V~ Ya f J· (1) 
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and vf are the eigenvalues of the weak interaction. The mi
xing is determined by the structure of the mass term. Until 
now only neutrino mass terms of the following type have been 
considered. 

1) Dirac mass term 1131 

f--ii"~ Mv~ + h.c., (3) 

where M is a complex N x N matrix. After diagonalization of 
the matrix M we get 

N 
f =-I m1 ii1 v1 (4) 

1•1 

where v 1 is Dirac field of mass m 1 • We have 
N 

v' • I U v 
f L 1•1 f1 IL 

(5) 

(f -e ,p.,r, .. ); here U is the NxN mixing matrix. Notice that 
in this scheme the right components of neutrino fields have 
no function in the usual weak current (1), although they are 
present in the mass term. 

2) Majorana mass term 11•&1 

(;) (-;-)c M , ' C-1 , 
.J.. ,. - v L v L + h.c. • v L M v L + h . c. (6) 

((v.j.-)c = Cii{. •vR,c; Cis the charge conjugation matrix, Cy~C- 1·-Ya· 
C -c).After the diagonalization of the matrix M we get 

N 
f ,._I m1 x1 x1 • (7l 

1•1 

where x1 -Ox 1 is the Majorana field of mass m1. Clearly 
N 

v' = ~ U X · · (8) 
f L i"' 1 ft I 

Notice that in this scheme the neutrino field components which 
are present in the mass term are present as well in the ordina
ry weak current. 

In both cases considered above with Dirac and Ma jorana mass 
terms the number of neutrinos ve , v

11 
, ... • are equal to the num

ber of neutrinos v1 , v .... with definite masses. This means 
2 

*Notice that here and later we conserve the usual notation 
ve .v11 , .. for the phenomenological particles undergoing the weak 

interaction. 

2 

that in both SChemeS Only OSCillatiOnS Of the type Vf ~ Vf' , 

ve : iie·, (f'f f) take place. Moreover it can be shown 1 121that 
it is impossible to observe a different behaviour* of oscil
lations for the case of Dirac and Majorana masses even in the 
most general case of PC-violation 11&1 . This once again suggests 
that a natural possibility would be the coexistence of Dirac 
and Majorana mass terms . A possible scheme of such a type was 
considered in ref. / 16/ : 

3) 

f ~ -(v ~) c M v {_' + h. C • , (9) 

where 

(::~ v = 

is a 2N -column, and M is a symmetric 2N x 2N complex matrix , 
Clearly in (9) Dirac as well as Ma jorana mass terms are pre
sent . After diagonalization we have 

2N 
f 2 -~m 1 x. x1 (lol 

I s1 1 

and 
2N 

v = ~u x 
fL !c1 ft iL 

(11) 

where x 1 (i-1, ... 2N) are Ma jorana fields of masses m1 and the 
index f may have N values e ,p. ,r, ... . It should be noticed that 
in such a scheme the number of Majorana neutrinos with defi
nite masses is twice as large as the number of phenomenological 
neutrinos. As a result, in addition to the usual oscillations 
VfL't Vf'L(iieRt ilea )there appear rather "exotic" oscillations 

such as vfL ;! vf'L (iifR ;! vf'R ). 
2 . The scheme discussed above in 3) is not "economical" in 

the sense that in the mass term there appear right-handed com
ponents of neutrino fields. Here we construct the most economi
cal scheme with Dirac and Ma jorana mass terms in such a way 
that only "physical" components of neutrino fields are present 
in the mass terms. An embryo of our scheme is well known: It is 
the old lepton scheme suggested for massless neutrinos by Zel
dovich and Konopinsky and Mahmoud in ref/171 .According to such 

*clearly such processes as neutrinoless double ~-decay are 
possible in principle in scheme 2) but not in scheme 1), 
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1-
a scheme conceived at a time when only electrons and muons were 
known, there is a four-component neutrino with only one addi
tive lepton number , which takes opposite values for e- and ll
(and of course v , and vll ) • In this scheme the charged current 
is 

ia • 2(ii~yafL), (12) 

where 

v' • ( :c) • f • (:) ( 13) 

Incidentally notice that in order to construct a SU (2)x U(l) 
Glashow-Weinberg-Salam theory with the current (12) we must 
assume that 

(:~) and CD 
transform as doublets .* Let us consider now the possibility 
that the lepton charge (only one for the case considered of 
the two charged lepton e and ll ) is violated by neutrino mass 
terms (let us say i n the Higgs sector). The most general neut
rino mass term acquires the form 

f ,. (7)c M v' + h.c .• 
L L ( 14) 

where M is a 2x2 complex matrix. The usual diagonalization 
yields 

f,._ I m
1
x

1
x

1 1•1.2 

v~ s Ux L , 

where XI is the Majorana field of mass m 1 . 

( 15) 

(16) 

In the scheme considered here the four phenomenological 
neutrinos v 8 , v ll , ~ , ;;; ll correspond to the four states of 
two Majorana neutrino with different masses, the only "physical " ' 
components of neutrino fields being present in the current and 
in the mass term. In this sense the above scheme is identical 
for the case of two charged leptons to the scheme first propo
sed in ref . 1 14 1 (see 2 above). An essential difference between • these two schemes arises when the number of charged lepton is 
larger than 2 . The scheme of the type 1141can be constructed for 
any number of charged leptons whereas the scheme that we are 
proposing requires an even number of charged leptons . . . 

See for example, I .G. Jafar ov . Yad.F~z.,1979, 
30, p. 215. 
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The expressions (14)-(16) without difficulties can be gene
ralized to the case of 2N charged leptons: 

ja =2{V~ ya fL). 

where 
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The neutrino mass term has the form 
--- 2N 

.f= - (v~)cMv~ +h.c. ~-I m
1
x

1
x

1 lm 1 

and 

vi.=UXL' 

(17) 

(18) 

(19) 

(20) 

where Xi is the Majorana field of mass m 1 and U is a 2N x2N 
mixing matrix. 

Thus the scheme which we are proposing requires the exis
tence o f a new charged lepton in addition to the well knownr 
lepton and the existence of a new neutrino type in addition 
to vr. Obviously, in the scheme considered there are possible 
only oscillations among phenomenological neutrinos of the type 
ve ot ve·.ve <!Vf'. However, oscillations of the type Ve ;! vjl 
involve a change of 2 in the lepton number . Thus, it is reaso
nable to expect that such oscillations are suppressed with 
respect to oscillations of type v

8 
-t. vr and/or v

8 
+:> vl . 

3. Our proposal, in which the usual conception of flavour 
is taken up by two distinct charged leptons leads to the fol
lowing: 

1) It requires at least one more charged lepton and one more 
neutrino in addition to the well known ones e , ll , r , v , v , 

v r·This is not excluded by cosmological evidence . 8 
ll 

2) It gives arguments in favour of some hierarchy of oscil
lation types, the suppressed ones (v8 : vll ?) and favoured 
(v8 .=> vr ?). This does not contradict the few data on o scillations 
which are available 13·41. 

*similarly the decay r~ ey might have a probability quite 
different from r ~llY· 
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3) It is the most economical in as much as all the neutri
no field components fulfill their function . 

4) In the Lagrangian the Dirac and Majorana mass terms are 
present on equal footing, which makes in our scheme the dis
tinction between Majorana and Dirac description rather meaning
less. 

5) Clearly, the scheme proposed requires the existence of 
at leat one pair of quarks in addition to the well known u, 
d I S 1 C 1 b (t ). 

In conclusion, this scheme seems to us quite attractive if 
it turns out that in Nature there are no right-handed currents. 

we would like to present our warm thanks to J.Hosek for use
ful discussions. 
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