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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
factor in the gauge semisimple group.
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Two fundamental questions left unsolved within the stan- 1
dard model of nuclear and electromagnetic interactidfs A 5= —=diag1,1,1-3), (20
are the flavor question and the fermion mass hierarchy, 2.6

which are addressd@-6] in the leptoquark-bilepton flavor . ) . )
dynamics[2,3,7] ha%ing ]the local SaL?ge symm%tri&ml and Ay=diag(1,1,1,1), with the specific embgddlng param-
= SU(3),®SU(m), ® U(1), , g With m=3.4. There is also a ©ters é=—11/3, {=—26/3,s=1, whereN is the new
cubic seesaw relatiom(v|)~m3(l)/M\2N constraining the charge associated with the symmetric nonch|raI_AbeI|an se-
neutrino mass to the charged lepton mag&gsmplicating ~ Misimple factor of theG3y; local symmetry. In thet repre-

the 105 eV value for the lightest neutrino mass, and alsoSentation the neutral generators pté]

the interesting possibility of double beta decay depending 1
less on the neutrino ma§8] than in many extensions of the Ksz -
standard model, as well as the associated Majoron emission 2
process[10]. The nontrivial issue that in then=3 model

there is a Peccei-Quinn symmefrd/1] with an invisible ax- — )

ion was also shown, solving the stro@d? problem[12]. Ag= ﬁd'aqo’zv_ 1-1), (3b)
Although in the minimalG3; leptoquark-bilepton model the

massive neutrinos are Majorana fermi¢@8,14), as a result 1

of the_ no_nunlversal generation structure, th(_e elt_actrlc charge As= —=diag3,—1,—1,—1). (30)
guantization and Majorana neutrino connection is lost. Such 2\/6

facts agree with a pioneering scrutifii5] involving a large

class of gauge models containing §lUfactor in the gauge The SU4) maximal subalgebras are SU@@BY(1), SU(2)
group, the right-handed neutrino, and generation universal2 SU(2)®U(1), Sp(2), and SU(2)SU(2). Theisomor-

ity. Using the lightest leptons as the particles which deterphism is SU(4)-SO(6).Three families of independent lep-
mine the approximate symmetry with the generation nonunitonic chiral flavor gauge symmetry eigenstates transform col-
versality and if lepton charges are only 8,1, SU(4) is the lectively,

highest symmetry group to be included in the electroweak

diag 0,0,1-1), (38

sector. There is no room fan>4. A model with SU(4) Vi

®U(1) symmetry was proposed more than one decade ago I

by Voloshin[16] but quarks were not included there. fiL= o | ~ (1,4, ,N=0), (4)
Let us consider the largest leptoquark-bilepton gauge se- ( VIR

misimple G4, group extension. The electric charge operato- IR

rial formula[17]
with the labell=e,u, 7 and the charge-conjugated fieltfs

=CIT, v°, whereC=iy?y°. One quark family has the at-

%=A3+§A8+5A15+€NA0 (1)  tributions
Uz
is embedded in the traceless neutral generatyfs i d,
=3,8,15, of the S¥) gauge group, Qi = U ~(3c,4.,12/3), (5)
1 e
Ag= Ediaq1,— 1,0,0), (2a)
with the singlets
1 U1R~(3C,1R,+2/3), (6a)
Ag=—=diag1,1,—-2,0), 2b
EPNE) a4 ) (20 dir~(3¢,1r,— 1/3), (6b)
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Ur~(3c.1r, +2/3), (6) (fL)cﬁfL:(VIC)RVILH2+(I_C)RVILHI+;IRVILH(2)+|_RVILH2_
Jr~(3¢,1r, +5/3), (6d) +()RILHT +(IORILHT T+ wirl HE + TRl HY
and the other two families have the following common trans- +(vf)Rv,°LHg+mvaLH§ +vgv HS

formation properties: _ - -
+lgpf Hy + (V9)RISH, +(19)RIEHS
Ja

g B + iRl PHg +1RIEHZ (12)
QuL= U, ~ G4 m 1), @ and after the spontaneous symmetry breaking steps
dof | G341 G331~ G321— Gy (13
a=2,3 for the chiral left-handed fields, and remain the mass terms
Jar~ (3¢, 1, —413), (8a) 1 N _
R _EWSSZE(GVW',(H?)O(V|C)RV|'L+GV,V,,<H2>0V|RV|'L
d.g~(3:,1r,—1/3), (8b) o — J—
+G||'<H3>o|R|L+GV|CV|°,<H2>0(V|C)RV|/L
Ur~(3c,1gr,+2/3), (80 B o
+G,, (HDoviryp + G (HYo(I9RIT) (19
dor~ (3,1, —1/3), (8d)

and the neutrinos could be Dirac-Majorana parti¢2%|.
whereu’, J, j,, andd, are new quark flavors with electric  The vanishing anomalies conditions containing the (1)
charges +5|e|, +5le|, —%le|, and —3e|, respectively, fermionic attributions imply the following constraints be-
where the downlike quark flavors transport the quantum ofween theN’s:
electric charge, being
Tr([SU(3)]’[U(1)n])=0:

I L S

lel= (1+4t9)12  (1+4t2)12 3(Ng,, +2Ng, ) =3(Ny, +Np, )
=1.602176 46@63) <10 *° C —Ny=2Nj —Nu —2Ng )=0; (153
=4.8032042019) x 10 10 esu, 9

Tr[SU(4)]*[U(1)n])=0:

the proton charggl9,20, andt=g’/g, whereg andg’ are

the SU4) and U1) gauge coupling constants. The electric- 3(Ng,, +2Ng )+ N2=0; (15b
charged and neutral leptons acquire mass through the sym- t o !

metric decuplet {.,105,0) of scalar fields,
plet1;,105,0) Tr([U(1)5]1%) =0:

HY Hi HY H, 3 3 3 3
3(N, +2N3 )=3(Ng +Np )

U D
H]J_r HI+ H; Hg a 1,aR 1,aR

Nl o ong | . s s
2 3 4 T4 +N3 -2N? —N°, —2N3, +> N?=0, (159
H, HI H, H,~ R R 4 e 4
in the Yukawa interactions Tr([ gravitational anomaly terii[ U(1)y]) =0:
1 3(No. +2Ng )—3(Ny. +Np. )
£y==5Gu (fHf, (1D B R T e B

+N;, —2N Nuﬁ—sz;RJrZ N;=0, (150

having the general form of a Majorana mass term after spon- Jar

taneous symmetry breaking. Since the lepton mass term
transforms aqf; )°f; g~ (1. ,4®4,0)=(1.,6,® 105,0) and whereNy —andNp —are the U(1) quantum numbers of

the sextet will leave one lepton massless and two others dghe standard quark flavors. The Witten global anonias]

generate for three families, it is necessary to introduce th@gpes not involve the U(3) quantum numbers. The three
N=0 Symmetric deCUpIet which plays no role in generating|eptonic classical constraints are

quark masses. The explicit fermion bilinears and Higgs
bosons Yukawa couplings are N,=0, (16)
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coming from the Abelian gauge invariance 6§ where the also necessary in the quark sector:

electric charge quantization of the leptonic sector is already _ _ _

contained. From the quantum and classical gauge invarianc&ﬁ?"E FuQu Ukrn+F i Qu Dkrn+H.c., k=1,2,3,
constraints the electric charges of fundamental leptons and (21
quarks, in thee| unit, are[23]

where
1 +
lezoy Q|=_1, QD=_§! 72
| _
Qu=—2Qp=-20y =0y, (17 7=y |~ (1,40 (22
Q=-59%, Qj =49, 7

even for massless neutrinos. There are no new constraine classical gauge invariance of th& "¢ leptonic terms

coming from the cancellation of mixed gauge and gra\’ita“lmplies N, =0. TheL andB attributions of the leptoquark
tional anomalies. If we consider the global symmetry asso- g

ciated with the conservation of leptobaryon quantum numférmions arel; =—L,=+2,B,=B; =+ 3, and the bilep-
ber, ton gauge bosons have lepton number=2. The bileptons
[26] are contained also in the stable-proton (8% grand
unified theory[27] with nonchiral fermions and anomaly
cancellation through mirror fermions.

The quantization of electric charge is inevitableGg,,
which prevents neutrinos from getting a mass to be explicitiymodels of leptoquark fermions and bilepton bosf24,25
broken, then Majorana mass terms ariséHf )#0 turning  with three nonrepetitive fermion generations breaking gen-
off the vacuum expectation valué¢EVs) of theHS anng eration universality and does not depend on the character of
nondiagonal fields. However, turning on the VEVs of all the neutral fermions. Each generation is anomalous and is
neutral scalar fields the neutrinos are Dirac-Majorana ferminot a replica of one another so that the quantum anomalies
ons[21]. cancel when the number of generations is a multiple of the

Now let us add right-handed neutrinos as gauge flavopumber of color charges. There is no connection between
singlets. If(H%)o=(H%)o=(H%,=0, but(H%),#0 for the  electric charge quantization and the massless Weyl and the
charged lepton masses, the Dirac mass terms for the neutf@@ssive Dirac, Majorana, or Dirac-Majorana fundamental
fermions, neutral fermions. If7 symmetry is explicitly broken, the

neutrinos are Majorana fermions thngA)OiO and
L {Mo_ Gflylf_,,_( n)ovir+H.C., (190  Dirac-Majorana fermions when all neutral components of the
symmetric decuplet acquire their vacuum expectation values.

arise in the Yukawa couplings through the multiplet of scalarThis is another clue about the promising perspectives that

F=L+B=2, L, +B, (18)
|

fields, neutrinos address in the direction of new physics. Bag;
o leptoquark-bilepton models have the leptonic representation
7 content structure of grand unified theories in which the elec-
ni tric charge operator contains only the $J( diagonal gen-
= t ~(1.,4,0), (20) erators whose number is the rank of the group.
ni A.D. would like to thank the CAPESBrazil) for full
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