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Remark on neutrino masses and oscillations in alsU(3), XU (1)y model
with the radiative mechanism
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We have discussed how neutrino masses and oscillations are radiatively generate®lUBynx U(1)y
gauge model with a symmetry based gL ,-L . (=L"). The model is characterized by lepton triplets
=(v'\17",E™"), whereE™" are negatively charged heavy leptons, 2d(3), triplet Higgs scalaré, and a
singlet Higgs scalak™*. These Higgs scalars can be interpreted as a Zee and Zee-Babu scalar for radiative
mechanisms. We have demonstrated that the mass hierardmff>Am?, arises as a consequence of the
dynamical hierarchy betwedn’-conserving one-loop effects amhd-violating two-loop effects, where' is
broken softly in the Higgs potential, and that our model is relevant to yield a quasivacuum solution for the solar
neutrino problem.
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There is definitive evidence for neutrino oscillations from tons, and negatively charged heavy leptons, respectively. In
atmospheric and solar neutrino observations. For the atmanodel (a) and model(b), the atmospheric neutrino oscilla-
spheric neutrino oscillations, the recent SuperKamiokandgons are generated by a one-loop radiative mechanism with
(SK) data indicate that the observed deficitigf is due to  L'-conserving interaction21], and the solar neutrino oscil-
the v, < v, oscillation[1,2] while for the solar neutrino os- lations are induced from a two-loop radiative mechanism
cillations [3], the SK, Homestakf4], SAGE[5], GALLEX  Wwith L’-violating interactiong22]. Consequently, the mass
[6] and GNO[7] data indicate theve— v, ,v, oscillation. hierarchy ofAmgtm>Amé is explained as a result of the
The existence of these neutrino oscillations implies the neusmallness of the two-loop effects compared with one-loop
trinos are massive particlg8]. The mass squared differences effects[23,24]. On the other hand, in modét), there is no
for atmospheric oscillationdm?,,, are measured aAmZ,,  one-loop interaction and both of the atmospheric and solar
~3%x1072 eV? [9]. On the other hand, there are some so-heutrino oscillations come from two- Ioop radiative effects
lutions to explain the observed solar neutrino oscillation dat422]. The mass hierarchy akmj,>Am3 is related to the
as:(1) Am3~10"° eV? for the large mixing angle solution, dynamical hierarchy of thé&'-conserving and.’-violating
(2) Am3~10° eV? for the small mixing angle solution, fwo-loop interaction effects. _

(3) Am2~10"7 eV2 for the low mass, low probability so- In this paper, we show that it is possible to construct the
lution, (4) Am3~101° eV? for the vacuum oscillation otheir iSU_(ig)LXU(l)N model with lepton triplets ¢/
(VO) solution, and recently propose) Am2~10"° eV? =(v',I''E™") [25]. The model has similar particle content to

for the quasi-VO(QVO) solution[10]. To sum up, we have model(c); however, one-loop interactions also exist and neu-
Amzt 103 e\2 andAmé<10*5 évz indicatlior;g the hi- trino masses are induced by thé-conserving one-loop ra-
atm —~ ’

- . . . diative mechanism as well as thé-violating two-loop ra-
2 2
erarchy of Amg,>Amg, exists. In the theoretical view, this - .- o o chanism.

mass hierarchy suggests that the neutrino mass matrix has The particle content in oBU(3), X U(1)y gauge model

bimaximal structurg¢11,17. is summarized as follows:
Recently, radiative mechanisms to generate tiny neutrino

masses and oscillations iBU(3), X U(1)y gauge models
[13-15 with theL’ symmetry have been extensively studied
[16—18. HereL’ =L-L,-L, is a new lepton number and 103 123,
the conservation of this quantum number is one of the pos- IR77(L-1), Eg™:u(1,-1), ()
sibilities of the origin of the bimaximal structurgl9,2Q.

ThreeSU(3), x U(1)y gauge models are used to accommo-in the lepton sector, where we have denoed by E',
date such radiative mechanisms. Each of tB&(3),

Yl 23= (1 EN (3~ 213),

X U(1)y models can be distinguished by the lepton triplets Ql=(u,d%,d'H :(30),
' (i=1,2,3) in the modelsta) ¢'=(v',1',0”) model[16],
(b) ¢'=(v\I',k*") model [17], and (c) ¢/=(', IE™) QI723=(d',—ul,u') :(3*,1/3),

model[18], wherew®, x*' andE ' are denoted by electri-

cally neutral heavy Ieptons positively charged heavy lep- u§2*3:(1,2/3), dé’2'32(1,—1/3),

72 3. 1l
*E-mail address: teruyuki@post.kek.jp (1,213, d'gi(1,-1/3), (2
The model withy' = (+/.1',| *) has been lately examined to yield
tiny neutrino masses and observed neutrino oscillati@s in the quark sector, and
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TABLE I. L andL’ quantum number. where f's are Yukawa couplings with the relatiof};;;=
: . s 23 25 — iy demanded by the Fermi statics, and right-handed
Fields 7.0.X:€ ¥R -Er = k quarks are denoted byp=37_,f,uk, DE=37_,fydk,
L 0 1 1 2 UR'=f, R andDp'=f},.dRl. For simplicity, we have
L’ 0 1 -1 -2 assumed diagonal mass terms for the leptons. Note that there

is no term which can induce FCNC interactions such as
QLxD&. QipDi!, QF%*UE®, QF%*UR*® yixlk. and

7=("n )3 =213, p=(p" PP (BB, Y pEL.
B e The Higgs interactions are given by self-Hermitian terms
=" % x0T (31/3), E=(£TT,eT,6M)T(3,413), of Gl (b= p. 7, x, & k™), and two types of non-self-

K *:(12), 3) Hermitian Higgs potentials:

in the Higgs sector, where the quantum numbers are speci- Vo= o€ 7.psx,+ N 1(7'p)(ETX) + N2 7 X)(£7p)
fied in parentheses bySU(3),,U(1)y). Let N/2 be the +(H.c)

U(1)y quantum number, then the hyperchafye and elec- 7
tric charge Q.) are given byY=\%3+N and Q.,=(\°
+Y)/2, respectively, whera? is the SU(3) generator with
Tr(NAAP)=26%P (a,b=1, ... ,8).Three Higgs tripletsy,p ) , ,
and y are the minimal set to generate masses of quarks ani€r€Ao,12 Stands foiL.’-conserving coupling constants and
leptons inSU(3)x U(1), models. An additional Higgs trip- b denotes thd_’-violating mass scale. The interaction of

let £ is introduced as a triplet version of the Zee scalar to"€ 7PX type in Eq.(5) is a guarantee of the orthogonal

realize the one-loop radiative mechani§a] and an addi- choice of vacuum expectation values for three Higgs scalars,
— T — T

tional Higgs singlek™ * is introduced to realize the two-loop 7 P: andy as(0| ’T7|0>_(v’7’.0’0) (01p[0)=(02,.0)", and
radiative mechanisrf27]. (0lx|0)=(0,00,)", respectively. o

Here, we introduce two constraints to obtain the relevant We note that there are two main differences between
Yukawa interactions. The first is the'=L-L ,-L, conser- model(c) discussed In R?['18] andihe modshin th'? paper
vation imposed on our interactions to reproduce the observeffurrent model The firstis the absence of(3), singlet
atmospheric neutrino oscillations as mentioned. Theas- 11998 scalaik’™ ™ in the current model. Tg‘i modét) has
signment is shown in Table I. The second is the discretdV0 Zee-Babu type Higgs scalars caliéd = and k' -,
symmetry based onZ, to suppress unwanted flavor- which are neede_d to realize -conserving and.’-violating
changing-neutral currenFCNC) interactions in the quark tWo-loop Interactions. However, in the current model, only
sector and the lepton sector. In the quark sector, there afd'€ Higgsk™ ™ is introduced and no additional singlet Higgs
quarks with the same charge, thus, quark mass terms can bceneedfad'bec.aus'.e(—conservmg one-loop effects will serve
generated by andy betweerQﬁ and down-type quarks and as thel "-violating two-loop effects in modédk). The second
by p' and y' betweenQ?? and up-type quarks. FCNC is is the different implementation of the discrete symmetry into

C . : . L

induced from these interactiof28]. Also, in the lepton sec- the models. The' discrete sym.metry b'asediglrs required in
tor, I' andE' (i=1,2,3) has the same charge and the Similarmodel(c) to avoid the FCNC interactions and to prevent the
FdNC problem é:a,n oceur. To avoid such interactions realization of the one-loop effects. Meanwhile, in the current

Yukawa interactions must be constrained such that a qual{%c’del’ the discrete symmetry basedzyis introduced and

(lepton flavor gains a mass from only one Higgs sclz8]. e one-loop effects are allowed.

R : : ; : Now, let monstrate how radiativ rrections in
These situations can be realized by introducing the foIIowmgn oW, 1eL us de_o strate how radiative co ections. duce
123 123 |1.23 eutrino masses in our model. The Yukawa interaction de-
R

. . 1,2,3

Z‘{,zsglmm?t?{z,'?to tlhe-m(l)delz/%s _>|.'/’L2,3 ’ lffzs_’ R,3  noted by Ly and L’-conserving Higgs potential/, work

Br —IER ,’sz__)',ng' <L _>__',QIL » URTUR L together to generate one-loop interactions as shown in Fig. 1,
dR™"—dg™", Ur™ —iug™, dg'——idg’, 7—i7, p—ip,  g501, andL’-violating Higgs potentiaV, yield two-loop
interactions as shown in Fig. 2. From the one-loop diagrams,

Vp=mpé nk* T+ (H.c), (5

x——x, é——§& andk" =ik ",
With these constraints, the Yukawa interactions are giveRye optained the following Majorana neutrino masses:
by

2 2 2 2 2 2 2 2
- . miF(mi,mz.,m° ) —miF(ms, mz. ,m’,)
@ | | & e e £
—Ly=¢€ BY,Z f[li](wiL)C¢lﬂL§y+,7 Yi(fiplg m{D=frui| M — .
i=2,3 i=1,2,3 vp
. . L— — 2 2 2 2 2 2 2 2
+fexBR)+ 2 fU(IR)°ERK™ "+ QU(7UR+ pDR o e (mer M M) = MeaP (Mg, Mg M)
i,j=2, 2 2
Ux
+XD§1)+i_§2:3Q:_(7/*D'R+p*U'R+X*U§i)+(H.C.), XUV, (6)
(4)  where
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FIG. 1. L'-conserving one-loop diagrams.

F(xy.2)= 1 xInx N ylny
T 1t (X=y)(X—2)  (Y=X)(Y—2)
zlnz
X "

and, from the two-loop diagrams, we obtain

mg.%.): - 2i jZZ s )\gf[li]f[lj]fikj,u,bmmejvvaI @) (8)

with
2 2 2 2 5 )
(2= G(m'i’m§+)[G(mEi’m;—)2_G(mEJ!mE+)]
2 7
mi(m;,—mg+)
1 miin(m3/mg) —mgin(mg/mg)
G(mg, mg) = 2 M Ma M)~ M MMM (9)

2 2_ 2
16w mg—mg

where the relation om,> (masses of other partiglehas
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The neutrino mass matrix is composed of these Majorana
masses as

(2)

miz

1 1
m(12) m(ls)

M=lmy o 0|,

mY o0 0

(10

from which we find the following relations for the neutrino
oscillations in ourSU(3), X U(1)y model

AmZ, =mP2+mP2(=m?), AmZ=2m,|m{?)|.
(17)

The bimaximal structure o1, is realized by requiring that
Im{Y|~|m)|, thereby, Ieadlng toMg2~Mgs OF Mg2 g3
<Mg1 because the charged lepton contributions are to be
neglected in our case. We assume thgk~mgs in our
analysis.

In order to see that our result, Eq.1), really regenerates
the observed neutrino oscillations, we make the following
assumptions on relevant free parameters in the same way as
those in Ref[17]: (1) v,=v,/20, v,=v,, andv _1OUW,
where v,,=(2\2Gg) "~ 1_174 GeV (2 me~m,=v,,

m, = 10v,,, Mgz g3=€v, to enhance the b|maX|maI mixing
andmg1=0.9mg2 g3 to contrlbute toA matm, wheree stands
for the electromagnetic coupling3d) f1j;~ 1077, )\1—)\2
=fl=1 andup=ev, , wheref,; is determined byAmz,,
—m(1)2+ m{}?=3.0<10"% eV?. From numerical calcula-
tions of Eq. (11) we find f{4;;=0.93x 10" 7 eV?, which re-
produce  Am3,,=3.0x 10* eV? and Am3=0.91
X 10" % eV, As aresult, the mixing anglé for atmospheric
neutrinos defined by co$=m(1)/m is computed to yield
sif29=0.93, where the charged lepton contributions to
AmZ,., give the deviation form sfi29=1 for the bimaximal
mixing case. The estimatezldmé lies in the allowed region
of the QVO solution to the solar neutrino problem.

Summarizing our discussion, we have constructed an
SU(3). xU(1)y gauge model with lepton tripletsy'
=(v'\I7",E™"), whereE™" are negatively charged heavy lep-
tons. This model has a triplet version of the Zee scéland
a singlet as the Zee-Babu scalkdr®. Owing to the existence
of these scalars, o8 U(3), X U(1)y model is capable of
generating tiny neutrino masses by the radiative mechanism.
The atmospheric neutrino oscillation is related to
L'-conserving one-loop interactions, while the solar neutrino

atm

been used. The outline of the derivation of the two-loop in-oscillation is related td_’-violating two-loop interactions,

tegral, Eq(9), is shown in the Appendix of Ref16].

=)

A
<R

x
e ped

1

!

)

FIG. 2. L'-violating two-loop diagrams.

whereL'=L.—L,—L,. As aresult, the bimaximal structure
of the neutrino mass matrix is enhanced by the approximate
degeneracy between masses of heavy Ieptorl‘szcafnd ES.

The observed mass hierarchy &2, >Am3 is explained

by the difference between one-loop and two-loop effects.
From our numerical estimate, our model reproduces the ob-
served neutrino oscillation datém2,,=3.0x10"° eV?

with sirf9=0.93 andAm2=0.91x10"° eV2. Our model

is, thus, relevant to yield quasivacuum solution for the solar
neutrino problem.
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