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Quantization of electric charge, the neutrino, and generation universality
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It is shown that electric charge quantization is unconnected to the Majorana neutrino in the nonuniversal
generation leptoquark-bilepton flavor dynamics which includes the right-handed neutrino and an explicit U~1!
factor in the gauge semisimple group.
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Two fundamental questions left unsolved within the sta
dard model of nuclear and electromagnetic interactions@1#
are the flavor question and the fermion mass hierarc
which are addressed@2–6# in the leptoquark-bilepton flavo
dynamics@2,3,7# having the local gauge symmetriesG3m1
[SU(3)c^ SU(m)L ^ U(1)L1R with m53,4. There is also a
cubic seesaw relationm(n l);m3( l )/MW

2 constraining the
neutrino mass to the charged lepton masses@8# implicating
the 1025 eV value for the lightest neutrino mass, and a
the interesting possibility of double beta decay depend
less on the neutrino mass@9# than in many extensions of th
standard model, as well as the associated Majoron emis
process@10#. The nontrivial issue that in them53 model
there is a Peccei-Quinn symmetry@11# with an invisible ax-
ion was also shown, solving the strong-CP problem @12#.
Although in the minimalG331 leptoquark-bilepton model the
massive neutrinos are Majorana fermions@13,14#, as a result
of the nonuniversal generation structure, the electric cha
quantization and Majorana neutrino connection is lost. S
facts agree with a pioneering scrutiny@15# involving a large
class of gauge models containing a U~1! factor in the gauge
group, the right-handed neutrino, and generation univer
ity. Using the lightest leptons as the particles which det
mine the approximate symmetry with the generation nonu
versality and if lepton charges are only 0,61, SU(4) is the
highest symmetry group to be included in the electrowe
sector. There is no room form.4. A model with SU(4)
^ U(1) symmetry was proposed more than one decade
by Voloshin @16# but quarks were not included there.

Let us consider the largest leptoquark-bilepton gauge
misimpleG341 group extension. The electric charge opera
rial formula @17#

Q
ueu

5L31jL81zL151§NL0 ~1!

is embedded in the traceless neutral generatorsL i , i
53,8,15, of the SU~4! gauge group,

L35
1

2
diag~1,21,0,0!, ~2a!

L85
1

2A3
diag~1,1,22,0!, ~2b!
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L155
1

2A6
diag~1,1,1,23!, ~2c!

andL05diag(1,1,1,1), with the specific embedding para
eters j521/A3, z522A6/3, §51, where N is the new
charge associated with the symmetric nonchiral Abelian
misimple factor of theG341 local symmetry. In the4̄ repre-
sentation the neutral generators are@18#

L̄35
1

2
diag~0,0,1,21!, ~3a!

L̄85
1

2A3
diag~0,2,21,21!, ~3b!

L̄155
1

2A6
diag~3,21,21,21!. ~3c!

The SU~4! maximal subalgebras are SU(3)^ U(1), SU(2)
^ SU(2)^ U(1), Sp(2), and SU(2)̂ SU(2). The isomor-
phism is SU(4);SO(6).Three families of independent lep
tonic chiral flavor gauge symmetry eigenstates transform
lectively,

f lL5S S n lL

l L
D

S n lR

l R
D cD ;~1c ,4L ,N50!, ~4!

with the labell 5e,m,t and the charge-conjugated fieldsl c

5C l̄ T, n l
c , whereC[ ig2g0. One quark family has the at

tributions

Q1L5S u1

d1

u8

J

D
L

;~3c ,4L ,12/3!, ~5!

with the singlets

u1R;~3c ,1R ,12/3!, ~6a!

d1R;~3c ,1R ,21/3!, ~6b!
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uR8;~3c ,1R ,12/3!, ~6c!

JR;~3c ,1R ,15/3!, ~6d!

and the other two families have the following common tra
formation properties:

QaL5S j a

da8

ua

da

D
L

;~3c ,4̄L ,21/3!, ~7!

a52,3 for the chiral left-handed fields, and

j aR;~3c ,1R ,24/3!, ~8a!

daR8 ;~3c ,1R ,21/3!, ~8b!

uaR;~3c ,1R ,12/3!, ~8c!

daR;~3c ,1R ,21/3!, ~8d!

whereu8, J, j a , andda8 are new quark flavors with electri
charges 1 2

3 ueu, 1 5
3 ueu, 2 4

3 ueu, and 2 1
3 ueu, respectively,

where the downlike quark flavors transport the quantum
electric charge, being

ueu5
gt

~114t2!1/2
5

g8

~114t2!1/2

51.602 176 462~63!310219 C

54.803 204 20~19!310210 esu, ~9!

the proton charge@19,20#, and t[g8/g, whereg andg8 are
the SU~4! and U~1! gauge coupling constants. The electr
charged and neutral leptons acquire mass through the s
metric decuplet (1c ,10S ,0) of scalar fields,

H̄5S H1
0 H1

1 H2
0 H2

2

H1
1 H1

11 H3
1 H3

0

H2
0 H3

1 H4
0 H4

2

H2
2 H3

0 H4
2 H2

22

D , ~10!

in the Yukawa interactions

L Y
f 52

1

2
Gll 8~ f lL !cH̄ f l 8L , ~11!

having the general form of a Majorana mass term after sp
taneous symmetry breaking. Since the lepton mass t
transforms as( f lL)cf l 8R;(1c ,4^ 4,0)5(1c ,6A% 10S,0) and
the sextet will leave one lepton massless and two others
generate for three families, it is necessary to introduce
N50 symmetric decuplet which plays no role in generat
quark masses. The explicit fermion bilinears and Hig
bosons Yukawa couplings are
09790
-

f

m-

n-
m

e-
e

s

~ f L!cH̄ f L5~n l
c!Rn lLH1

01~ l c!Rn lLH1
11 n̄ lRn lLH2

01 l̄ Rn lLH2
2

1~n l
c!Rl LH1

11~ l c!Rl LH1
111 n̄ lRl LH3

11 l̄ Rl LH3
0

1~n l
c!Rn lL

c H2
01~ l c!Rn lL

c H3
11 n̄ lRn lL

c H4
0

1 l̄ Rn lL
c H4

21~n l
c!Rl L

cH2
21~ l c!Rl L

cH3
0

1 n̄ lRl L
cH4

21 l̄ Rl L
cH2

22 ~12!

and after the spontaneous symmetry breaking steps

G341→G331→G321→G31 ~13!

remain the mass terms

2LY
mass5

1

2
~Gn ln l 8

^H1
0&0~n l

c!Rn l 8L1Gn ln l 8
^H2

0&0n̄ lRn l 8L

1Gll 8^H3
0&0 l̄ Rl L81Gn

l
cn

l 8
c ^H2

0&0~n l
c!Rn l 8L

c

1Gn ln l 8
^H1

0&0n̄ lRn l 8L
c

1Gll 8^H3
0&0~ l c!Rl L

c ! ~14!

and the neutrinos could be Dirac-Majorana particles@21#.
The vanishing anomalies conditions containing the U(1N

fermionic attributions imply the following constraints be
tween theN’s:

Tr~@SU~3!c#
2@U~1!N# !50:

3~NQ1L
12NQaL

!23~NU1,aR
1ND1,aR

!

2NJR
22Nj aR

2Nu
R8
22Nd

aR8 )50; ~15a!

Tr~@SU~4!L#2@U~1!N# !50:

3~NQ1L
12NQaL

!1(
l

Nl
350; ~15b!

Tr~@U~1!N#3!50:

3~NQ1L

3 12NQaL

3 !23~NU1,aR

3 1ND1,aR

3 !

1NJR

3 22Nj aR

3 2Nu
R8

3
22Nd

aR8
3

1(
l

Nl
350, ~15c!

Tr~@gravitational anomaly term#2@U~1!N# !50:

3~NQ1L
12NQaL

!23~NU1,aR
1ND1,aR

!

1NJR
22Nj aR

2Nu
R8
22Nd

aR8 1(
l

Nl50, ~15d!

whereNU1,a
and ND1,a

are the U(1)N quantum numbers o
the standard quark flavors. The Witten global anomaly@22#
does not involve the U(1)N quantum numbers. The thre
leptonic classical constraints are

Nl50, ~16!
3-2



ad
n
a

ai
ita
so
m

itl

all
m

vo

u

la

y

en-
r of
d is
lies
the
een
the

tal

the
es.

that

tion
ec-

BRIEF REPORTS PHYSICAL REVIEW D 63 097903
coming from the Abelian gauge invariance ofLY where the
electric charge quantization of the leptonic sector is alre
contained. From the quantum and classical gauge invaria
constraints the electric charges of fundamental leptons
quarks, in theueu unit, are@23#

Qn l
50, Ql521, QD52

1

3
,

QU522QD522Qd
a8
5Qu1

, ~17!

QJ525QD , Qj a
54QD ,

even for massless neutrinos. There are no new constr
coming from the cancellation of mixed gauge and grav
tional anomalies. If we consider the global symmetry as
ciated with the conservation of leptobaryon quantum nu
ber,

F5L1B5(
l

L l1B, ~18!

which prevents neutrinos from getting a mass to be explic
broken, then Majorana mass terms arise if^H1,4

0 &Þ0 turning
off the vacuum expectation values~VEVs! of theH2

0 andH3
0

nondiagonal fields. However, turning on the VEVs of
neutral scalar fields the neutrinos are Dirac-Majorana fer
ons @21#.

Now let us add right-handed neutrinos as gauge fla
singlets. If^H1

0&05^H2
0&05^H4

0&050, but ^H3
0&0Þ0 for the

charged lepton masses, the Dirac mass terms for the ne
fermions,

2LY
n l ,^h&05Gf ln l

f̄ lL^h&0n l 8R1H.c., ~19!

arise in the Yukawa couplings through the multiplet of sca
fields,

h5S h1
0

h1
2

h2
0

h2
1

D ;~1c ,4,0!, ~20!
.
.
.
.
,
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also necessary in the quark sector:

2L Y
Q,h5F1kQ̄1LUkRh1Fak8 Q̄aLDkRh̄1H.c., k51,2,3,

~21!

where

h̄5S h2
1

h2
0

h1
2

h1
0
D ;~1c ,4̄,0!. ~22!

The classical gauge invariance of theLY
n l ,^h&0 leptonic terms

implies Nn l
50. TheL and B attributions of the leptoquark

fermions areL j a
52LJ512, BJ5Bj a

51 1
3 , and the bilep-

ton gauge bosons have lepton numberL562. The bileptons
@26# are contained also in the stable-proton SU~15! grand
unified theory @27# with nonchiral fermions and anomal
cancellation through mirror fermions.

The quantization of electric charge is inevitable inG3m1
models of leptoquark fermions and bilepton bosons@24,25#
with three nonrepetitive fermion generations breaking g
eration universality and does not depend on the characte
the neutral fermions. Each generation is anomalous an
not a replica of one another so that the quantum anoma
cancel when the number of generations is a multiple of
number of color charges. There is no connection betw
electric charge quantization and the massless Weyl and
massive Dirac, Majorana, or Dirac-Majorana fundamen
neutral fermions. IfF symmetry is explicitly broken, the
neutrinos are Majorana fermions when̂H1,4

0 &0Þ0 and
Dirac-Majorana fermions when all neutral components of
symmetric decuplet acquire their vacuum expectation valu
This is another clue about the promising perspectives
neutrinos address in the direction of new physics. TheG3m1
leptoquark-bilepton models have the leptonic representa
content structure of grand unified theories in which the el
tric charge operator contains only the SU(m)L diagonal gen-
erators whose number is the rank of the group.

A.D. would like to thank the CAPES~Brazil! for full
financial support.
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