Radiatively Induced Neutrino Mass Matrix
in a SUSY GUT Model with R-Parity Violation
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A neutrino mass matrix model based on a SUSY GUT model is proposed, and the admissible form of the
radiatively induced neutrino mass matrix is investigated. The model can evade the problems of the proton decay
due to the R-parity violating interactions and of the unwelcome constraint sin? 26 014- > 0.99 in the Zee model.
The model can favorably fit to the observed neutrino data with a nearly bimaximal mixing.

1. Introduction

The Zee model [1] is one of promising models
of neutrino mass generation mechanism, because
the model has only 3 free parameters and it can
naturally lead to a large neutrino mixing [2], es-
pecially, to a bimaximal mixing [3]. However, the
original Zee model is not on a framework of a
grand unification theory (GUT), and moreover,
it is recently pointed out [4] that the predicted
value of sin® 20,4, must be satisfied the relation
sin? 205010, > 0.99 for Am?2 , JAm2,, ~ 1072

solar
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The conclusion cannot be loosened even if we take
the renormalization group equation (RGE) effects
into consideration.

The simple ways to evade the constraint (1.1)
may be as follows: One is to consider [5] that
the Yukawa vertices of the charged leptons can
couple to both scalars ¢; and ¢». Another one
[6] is to introduce a single right-handed neutrino
vr and a second singlet Zee scalar ST. Also, a
model with a new doubly charged scalar k77T is
interesting because the two loop effects in such
a model can give non-negligible contributions to
the neutrino masses [7]. As another attractive
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model, there is an idea [8] that in an R-parity vio-
lating supersymmetric (SUSY) model we identify
the Zee scalar ht as the slepton €z. Then, we can
obtain additional contributions from the down-
quark loop diagrams to the neutrino masses, so
that such a model can be free from the constraint
(1.1).

However, these models have not been embed-
ded into a GUT scenario. As an extended Zee
model based on a GUT scenario, there is, for
example, the Haba-Matsuda-Tanimoto model [9].
They have regarded the Zee scalar hT as a mem-
ber of the messenger field My + My, of SUSY-
breaking on the basis of an SU(5) SUSY GUT.
However, their model cannot escape from the con-
straint (1.1) because the radiative masses are only
induced by the charged lepton loop diagrams.

In the present paper, we will investigate an
extended Zee model which is based on a frame-
work of a SUSY GUT with R-parity violation,
and which is free from the severe constraint (1.1).
Usually, it is accepted that SUSY models with R-
parity violation are incompatible with a GUT sce-
nario, because the R-parity violating interactions
induce the proton decay. In order to suppress the
proton decay due to the R-parity violating terms,
we will introduce a discrete symmetry Z,.

2. How to evade the proton decay

We identify the Zee scalar hT as the slepton
€% which is a member of SU(5) 10-plet sfermions



1;10. Then, the Zee interactions correspond to the
following R-parity violating interactions
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where ¢°¢ = C’ET and the indexes (4,7, ),
(A,B,--+) and (a, 3, ) are family-, SU(5)gur-
and SU(3)o10r-indexes, respectively. However, in
GUT models, if the interactions (2.1) exist, the
following R-parity violating interactions will also
exist:

N (@) A (r0)ean (U5)P

HEdh)g — @) )]k} o (22)
which contribute to the proton decay through the
intermediate state dg.

In order to forbid the contribution of the in-
teractions (2.2) to the proton decay, for example,
we can assume that the R-parity violating inter-
actions occur only when the field 19 of the third
family is related, i.e., we assume the interactions

/\?j(ﬂg)?wlo)sAB({/;g)f ; (2.3)

instead of the interaction (2.2). Then, the terms
/\?j (ER)i(CfiE)j(U%)g cannot contribute to the pro-
ton decay. In order to realize the constraints

No=MNg=X5, =0 for k=1,2, (24)

we introduce a discrete symmetry Zs, which ex-
actly holds at every energy scale, as follows:

Wi = m(¥s)i s (P2)i = m(Us)i
(10)i = & (V10)i ,  (Y10)i = & (¥10)s
(2.5)

where 7; and &; take
n=(+1,+1,+41), £&=(-1,-1,41), (2.6)

under the Zs symmetry. Then, the Z5 invariance
leads to the constraints (2.4).

However, if the RGE effects cause a mixing be-
tween the first and third families, the interactions
(2.3) can again contribute to the proton decay. If
we assume that 5 and 5 Higgs fields H,, and Hy
transform as

Hy—+H,, Hqy—+Hg, (2.7)

under the Zs symmetry, the up-quark mass ma-
trix M, is given by the form

cu dy O
M, = dy b, O . (2.8)
0 0 ay

This guarantees that the top quark uz in the R-
parity violating terms (2.3) does not mix with
the other components (u; and uz) even if we take
the RGE effects into consideration, so that the
interactions (2.3) cannot contribute to the proton
decay at any energy scales.

On the other hand, the down-quark mass ma-
trix My and the charged lepton mass matrix M.,
which are generated by the Higgs scalar H4, have
the form

Myg=MT=[ 0 0 0 : (2.9)

The mass matrix form (2.9) cannot explain the
observed masses and mixings. For this problem,
we have two options: One is to consider that
we have mass generation mechanism from some
higher dimensional diagram, like a mechanism
proposed by Fraggatt, Lowe and Nielsen [10], in
addition to the mass generation (2.9) at the three
level. Another one is to consider an SU(5) 45-plet
Higgs field Has with the transformation

H45 — —H45 s (210)
under the Zs symmetry. Then, we obtain

c1 €2 C3
Md: bl b2 b3

ay az as

, (2.11)
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MI = —3bp —3by —3bs | , (2.12)
ay as as

The Hys Higgs scalar cannot contribute to the
up quark mass matrix M, because ElOMud)fo be-
longs to (10 x 10)symmetric. However, in the latter
option, the 45 Higgs scalar H45 has a vacuums ex-
pectation value (VEV) (HJ;) at the electroweak
energy scale Ay, so that the Zs symmetry is bro-
ken at g = Aj. Therefore, the proton decay may
occur through higher order Feynman diagrams.
We suppose that such effects will be suppressed
by a factor Ap/Ax (Ax is a unification scale).
However, since the purpose of the present paper
is to discuss the phenomenology of the neutrino
mass matrix, for the present, we will not touch
any more which option is reasonable.

3. Radiatively induced neutrino masses

We define fields u;, d; and e; as those corre-
sponding to mass eigenstates, 1.e.,

Hppass = @ UMM Ubug + dpUST MaUSdg
+e Ut M .Uger + hec. (3.1)

and fields vr; as partners of the mass eigenstates
eri, e, £r; = (vis,ern;). We define the neutrino
mass matrix M, as

Hy mass =V Myvr . (3.2)

Therefore, a unitary matrix U7 which is defined

by
Uyt MUY = D, = diag(m}, my, ms) ,  (3.3)

is identified as the Maki-Nakagawa-Sakata-
Pontecorvo  [11]  neutrino mixing matrix
Umnsp =Us.

In addition to the R-parity violating terms
(2.1) and (2.2) [(2.3)], we assume SUSY breaking
terms Jg{/jlng (and {/:51;10}]1—5). For simplicity,
we do not consider fe%—HC‘l" mixing as in the orig-
inal Zee model. Then, the neutrino masses are
radiatively generated. In Fig. 1, we illustrate the
Feynman diagram for the case with the down-
quark loop. The amplitude is proportional to the
coefficient

(UATAUS) 1 (U)an - (U MaUR) i

(vr): C (di), B dy) A (vr)j

Figure 1. Radiatively induced neutrino mass
through the down-quark loop. The vertexes A,
B, C and D are given by (U,‘iTAUf),j(ﬁg)gn,
(UL MaUR ), (TRAUE )i (UF) a1 and
(ﬁgTﬁlflﬁfé)kl, respectively.

(N US ) mi (Ui - (U 3T R)
= (MgAUL)3i(MaAUT )35 (3.4)

where (ﬁl?l)ij are coefficients of (cAll)i(cflvR)j, and
(A)ij = /\?j. Similarly, we obtain the contribu-
tions from the charged lepton loops. Therefore,
the radiatively induced neutrino mass matrix M,
is given by the following form

(M,))i; = (ffg5 + Fio5)Ke + (Flgf + flaf) Ka

(3.5)
where K¢ (f = e, d) are common factors indepen-
dently of the families, and

fE = (MINUS)si . gf = (m2TAUS)si
f = (MaAUf)si gt = (MIAUF )i -

(3.6)

Moreover, since (MI)3; = (My)s; as seen in
(2.11) and (2.12), we obtain the relations

= fid =fi. (3.7)

4. Phenomenology

Suggested from the relations (3.7), we assume
that (m27)s; = (m2)s, ie., g5 = g¢ = g;. Then,
the neutrino mass matrix (3.5) becomes a simple
form

(M,)ij = mo(fig; + fi9i)- (4.1)



Hereafter, for convenience, we will normalize f;
and g¢; as

AP+ 1P+ 11 =1, ol + g2l +lgs]* = 1.

(4.2)
In the most SUSY models, it 1s taken that the
form of ﬁlj% (f = e,d) is proportional to the
fermion mass matrix M. Then, the coefficients
g; are proportional to f;, so that the mass matrix
(4.1) becomes (M,);; = 2mq fi f;, which is a rank
one matrix. Therefore, we rule out the case with
777,]2; 0.8 Mf.

For convenience, hereafter, we assume that f;
and g; (i = 1,2, 3) are real. The mass eigenvalues
and mixing matrix elements for the neutrino mass
matrix (4.1) are given as follows :

my = (1+¢&)my ,

my = —(1—¢)myg , (4.3)
mh =0,
1 fz+gz
Ui — T = )
' V2V/1+e
I fi—g
Upn = — , 44
e (4.4
Uss 19k

where

€= fig1 + fa92 + fags , (4.5)

As seen in (4.3), the mass level pattern of the
present model shows the inverse hierarchy as well
as that of the Zee model. From (4.3), we obtain

Am3, = (mh)? — (mh)? = —dem?
Am3y = (mg)? — (m5)* = —(1 - €)’m§
(4.6)
2
_Amz  4e 47)

- Am3, (1-¢)2°
For a small R, the mixing parameters
sin? 205 01ar, sin? 2044m and Uez3 are given by

. 1
sin? 20,010y = AU U2, = T2 (ff —gh)?,
(4.8)

sin? 204, = AU U,

- ﬁ[fzfs-i-gzgs—dfsgz+f293)]2 , (4.9)

_fitgi -2
1—¢? '
The atmospheric neutrino data [12] require
fafs + 9293 ~ £1/2 from (4.9). TFor example,
we phenomenologically assume

2 __
UeB_

(4.10)

leSOéa f2:f3:\/L§COéa

1 (4.11)
g1 ==¢p, g2 =493 = —ﬁsﬁ )

where ¢, = cosa, s = sina and so on. Then,
the parameterization (4.11) gives

g =sin(a —f) , (4.12)
. 1
San 26501(17‘ = m(cé - Si) ) (413)
. 1
sin? 2044, = m(ci +cj — 2ecq85)”
(4.14)
UZ=0. (4.15)

We assume that the values of a and 3 are highly
close each other, i.e., sin(fa — 8) ~ 1072, In the

limit of o = 3, we obtain
sin? 20,014y ~ cos® 2a | (4.16)

sin? 2044 ~ 1 . (4.17)

The result (4.16) is free from the constraint (1.1)
in the original Zee model, so that we can fit the
value of sin? 26,4 with the observed value [13]
sin? 20, o14r ~ 0.8 from the solar neutrino data by
adjusting the parameter a (~ 3).

From the recent atmospheric and solar neutrino

data [12,13]

4.5 x 107% eV?
N ASXATT V1072, (418)

T 25x 1073 eV?
we estimate
e=45x1077, (4.19)
and
mg ~ my ~ |mh| ~/Am2, = 0.050 eV .
(4.20)

The effective neutrino mass (m,) from the neu-
trinoless double beta decay experiment is given
by

(m,) = (M,)11 = 2mgey sg



~mg\/ 1 —sin® 20514, ~ 2.2 x 1077 eV | (4.21)

where we have used the observed value [13]
sin? 20,014r ~ 0.8. The value (4.21) is too small
compared with the recent experimental value [14]
of (m,), even if we take the uncertainty of the nu-
clear matrix elements into consideration. If the
observed value [14] {(m,) = (0.11 — 0.56) €V is
established, the present model will be ruled out.
We hope further experimental studies of (m,).

5. Conclusion

In conclusion, we have proposed a neutrino
mass matrix model based on a SUSY GUT model
where only top quark takes R-parity violating in-
teractions and the Zs symmetry plays an essential
role, so that the proton decay due to the R-parity
interactions can be evaded safely. The model has
four parameters, so that it can evade the con-
straint sin? 2050040 > 0.99 in the Zee model. The
model can favorably fit the observed atmospheric
and solar neutrino data with a nearly bimaximal
mixing. However, the numerical set of (M.);s,
(m?);5 and /\?j which leads to the parameteriza-
tion (4.11) is not unique. What forms of M.,
My and /\?j can give the relations (4.11) together
with reasonable quark and charged lepton mass
matrices is our future task.
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