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Abstract

The radiatively-induced neutrino mass matrix is investigated within the framework of an SU(5) SUSY GUT model. The
model has matter fields of three famili®g(); + 51 (4); in addition to the ordinary matter fieldg, _); + 10; (4); and Higgs
fields H, + Hg), where(+, 0, —) denote the transformation properties™t, ©%, 1) (o3 = +1) under a discrete symmetry
Z3. R-parity violating terms are given by, (157 (+)10L(+), while the Yukawa interactions are given 805, (—)10L (),
i.e., the5-fields in both are different from each other. Thg &mmetry is only broken by the ternﬁ(+)i5L(+)i softly,
so that theb (), <> 5,(_); mixings appear at. < M. Of the R-parity violating termsb, 15/ (4,10, only the terms
(e v—vpe)es, appear sizeably at < My.
0 2003 Published by Elsevier B.V. Open access under CC BY license.
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1. Introduction into a grand unification theory (GUT). A supersym-
metric (SUSY) model withR-parity violation can pro-
The idea of the radiative neutrino mass [1] is an vide neu_trino masses [3], but the T“Od.e' cgnnot be em-
antithesis to the idea of the neutrino seesaw mech- bedded into GUT, because tReparity violating terms

anism [2]: in the latter model, the neutrinos acquire induce proton decay inevitably [4].
Dirac masses of the same order as quark and charged Recently, Sato and the author [5] have proposed a

lepton masses and the smallness of the observed neu—mOdel with R-parity violation within the framework

trino masses is explained by the seesaw mechanismOf an SU(5) SUSY GUT. In the model, there areRio

due to large Majorana masses of the right-handed neu-Pa" violating terms5, 5,10, (5. and 1Q denote
trinos vg, while, in the former model, there are no S.-plet af?d 10-plet matter fields n SU(5) SUSY
right-handed neutrinos, so that there are no Dirac massCUT): which are forbl_dden by_a c_hscrete symmetry
terms, and small Majorana neutrino masses are gen-ZZ' At < My (Mx is a un|f|ca_t|on scale of the
erated radiatively. Currently, the latter idea is influ- SU(5) GUT), the 2 symmetry is softly broken,

ential, because it is hard to embed the former model &1d Ha <> 5. mixing is induced, so that thek-
parity violation term$) 5, 10, are effectively induced

from the Yukawa interactionsd;5;10;. Although
E-mail address: koide@u-shizuoka-ken.ac.jp (Y. Koide). the model is very interesting as &iparity violation

0370-2693 [0 2003 Published by Elsevier B.V. Open access under CC BY license.
doi:10.1016/j.physletb.2003.09.002


https://core.ac.uk/display/82790794?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.elsevier.com/locate/npe
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

Y. Koide / Physics Letters B 574 (2003) 8288

mechanism, it is too restricted for neutrino mass
matrix phenomenology, because the coefficientsf
57,57,10. are proportional to the Yukawa coupling
constants; of H5;10..

In contrast to the above scenario, in the present Let-

ter, we propose another model wit-parity viola-
tion within the framework of an SU(5) SUSY GUT:
we have quark and lepton fieldsy + 10, which
contribute to the Yukawa interactions &5,10; 10y,
and H,;5;10;; we also have additional matter fields
5, + 5, which contribute to theR-parity violating
terms5, 5, 10,. Since the twdb;, and5, are differ-
ent from each other, the-parity violating interactions
are usually invisible. Th&-parity violating effects be-
come visible only througls; < 5/ mixings in low-
energy phenomena.

In order to make such a scenario, i.e., in order to al-
low the interactions 5, 10, but to forbid5,5,10;
and5,5) 10, we introduce a discrete symmetrg.Z
(We cannot build such a model by using&/mmetry.)
We denote fields with the transformation properties
U - oty ¥ - % and¥ — o ¥ (0° = +1)
as¥ 4, ¥ andy_, respectively. We consider mat-
ter fields5y,_y; + 10,4 (i = 1,2, 3: family indices)
which contribute the Yukawa interactions as

Wy = (Yu)ij H(+)10L(+)i10L(+);
+ (Ya)ij H)5L(-)i10L (4

and additional matter field§, ) + 5.+ which
contribute theR-parity interactions as

(1.1)

Wg = Aijk51(+)i5L(+) 100 (k- (1.2)

The R-parity violating interaction®; 57,y 10r (1)
and 5L( )5L(+)10L(+) are forbidden by the Zsym-
metry.

In order to giveb,(—y <> 51.(+) mixings,

SL(—)i =ci 5Li + 5 5’“,

5L(+)i = —s5;50; + CiS/L,', (1.3)

where s; = sing; and ¢; = cosd;, we consider a
superpotential
Ws = [51(-)i(Ms — g5®(0)) + M®51 (1) |51(4)i-

(1.4)
where @ q) is a 24-plet Higgs field with the vacuum
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expectation value (VEV)(®()) = vaadiag2, 2, 2,
—3, —3), which gives doublet-triplet splitting in the
mass term$y, (—);5. (1) atu < My, i.e.,
M@ = Ms + 3gsv24,

M® = Ms — 2g5v24. (1.5)

The discrete symmetry Zis softly broken by the
M3B-terms in (1.4). Then, we obtain

Ws = Z \/(M("))2

a=2,3

5’ (0)5(0)

+ (MI.SB) Lipio (1.6

where the indexXa) denotes that the field’ @ with
a =2 (a =3) is a doublet (triplet) component of
SU(5) — SU2) x SU(3), and

S.(a) = M(a) )
JM@)2 + (152
M3
e = l 1.7)

Jar@)z ¢ stz

The field5,'”) has a mas§/(M<a))2 + (M>B)2, while

S(L“l.) are massless. We regafd; + 10,4, as the
observed quarks and leptons at low-energy sqale (
Myx). Then, the effectiveR-parity violating terms at
u < My are given by

Wﬁﬁ = si(a)s](-b))\,-jkg(Lai)B(Lbj)10L(+)k. (1.8)

In order to suppress the unwelcome tedfaigu, in
the effectiveRr-parity violating terms (1.8), we assume
a fine tuning

M® ~msysy,
~ My x 1071,

MP ~ My,

M8 (1.9)

where msysy denotes the SUSY breaking scale
(msusy~ 1 TeV) andM>B are defined by (1.4) (i.e.,
the Z; symmetry breaking terms are given B =
M85, (1)i51(4+); with the mass scale/$8 ~ M5B ~

SB ~ 1015 GeV), so that

2 @ —
5;7 >~ 1, c M<2) ~101
3
@ M7 a2 3
Sl- i W 10 . Ci ~1. (110)

i
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Therefore, theR-parity violating termsdgdyu$% and
d(eLur, —vpdy) are suppressed by?s® ~ 10724
ands®s@ ~ 10712, respectively. Thus, proton decay
caused by termgdyu%, anddg(epuy — vpdy) is
suppressed by a factas®)3s@ ~ 1036, On the
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which gives mass to the triplets i1, + H(q), but not
to the doublets, wher#sq) (Hso—)) and Hzs(g) are
50-plet and 75-plet Higgs fields, respectively.

other hand, radiative neutrino masses are generated by2. Radiative neutrino mass matrix

the R-parity violating term(e vy, — vyep)e with a
factors@s@ ~ 1. The numerical choice (1.9) gives

m(é/(.z)) ~M® ~ My,

m(5%) ~ M5B~ My x 107L. (1.11)

Sincem(5,%) < My, the triplet fields5,'¥ can basi-
cally contribute to the renormalization group equation
(RGE) effects atu < Mx. However, since we con-
sider M58 ~ My x 1071, the numerical effect does
almost not spoil the gauge-coupling-constant unifica-
tion atyu = My ~ 106 GeV.

The up-quark masses are generated by the Yukawa

interactions (1.1), so that we obtain the up-quark mass
matrix M,

(My)ij = Yy)ijvu,

where v, = (Hcﬂr ). From the Yukawa interaction
(1.1), we also obtain the down-quark mass matfix
and charged lepton mass matii as

(1.12)

3
(MT)ij = C( )(Yd)ijvd,

(M )lj—C (Yd)l/vdv (1.13)
ie.,
3)
M=y, (1.14)
dlij = C(Z) elijs .
i

where v; = ( (0)) Note thatM] has a structure

different from M., because the values ofz) can be
different from each other. (The ided! = M, based
on a mixing between twé; has been discussed, for
example, by Bando and Kugo [6] in the context of an
Es model.)

In order to give doublet—triplet splitting for the
Higgs fieldsH(;, and Hg), we assume the “missing
partner mechanism” [7]: for example, we consider

Wy = A H1yHso— (H7s0)) + A Ho)Hso0)(H7500))
(1.15)

In this section, we investigate a possible form of
the radiatively-induced neutrino mass matii%aq.
Contribution from non-zero VEVs of sneutrin¢is #

0 to the neutrino mass matrix will be discussed in the
next section.

In the present model, since we do not have a term
which inducesé; < H, mixing, there is no Zee-
type diagram [1], which is proportional to the Yukawa
vertex(Yd),, and R-parity violating vertexi; ;. (The
”“ <~ H(O) mixing can come from interactions of a

ype H H 10, 4). However, in the present modd;
plet Higgs fields are only on typél . Therefore,
the combinationH o) H(0) 10y, is forbidden because
of the antisymmetric property of SU(5) 10-plet fields

10.(4). Even after the SU(5) is brokerH((g))H((g))

cannot couple to the SU(2) smgle; because SU(2)
singlet composed of X 2 must be antisymmetric.
Therefore, we cannot bring th’é(z)H (2) term even
as a soft supersymmetry breakmg term )

Only the radiative neutrino masses in the present
scenario come from a charged-lepton loop diagram
(Fig. 1): the radiative diagram wittv;); — (er); +
(€5)n and(ep)r + (€5)m — (vy);. The contributions
(Myag);j from the charged-lepton loop are given,
except for the common factors, as follows:

(Mrad)ij = $i8jSkSnikmA jni (Me)ki (MELTR),M

+ (i <)), (2.1)

Vj

—_—— — O —— —

Mz g

€R €r

Fig. 1. Radiative generation of neutrino Majorana mass.



Y. Koide / Physics Letters B 574 (2003) 82-88 85

wheres; = si(z), m; =m(e;) = (Mme, my, me) and M,

andM?, , are charged-leptonand charged-slepioR-
mass matrices, respectively. Sing¢?, , is propor-
tional toM,, i.e.,M?, . = AM, (A is the coefficient of
the soft SUSY breaking term&y);; (¥, é){iézjl-_l(o)
with A ~ 1 TeV), we obtain

(Mrad)ij = 2As;S jSkSndikmA jni (M)t (Me)nm.  (2.2)
Therefore, the mass matri¥;aq on the basis with
M, = D, = diagim,, m,, m) is given by

mj

mg
(Mrad)ij = m@sis jssihikih jik —— - (2.3)
m3
where
2
d 2 2 2
M= = Am3F (2 m2). (2.4)
1 m?
2 2
F(ma,mb)zmln m—; (25)
a b b

Since the coefficient;;; is antisymmetric in the
permutation <> j, it is useful to define

Aijk = €ijihik, (2.6)
and
H,'j =/’l,‘jm]'Sj. (2.7)
Then, we can rewrite (2.4) as

rad
(Mrad)ij = m—ozsisjgikmgjln Hypi Hyj. (2.8)

3
The expression (2.8) is explicitly given as follows:

M1y = s?[ H2;+ HE, — 2HoHs3), (2.9)
Mzz:s%[H§1+ Hf3— 2H33H11], (2.10)
M33=S§[H122+ H221— 2H11H22], (2.11)
M2 = M1 = s1s2[(H12+ Ho1) H33 — H23H13

— H3zHz1), (2.12)
M13= M3y = s153[(H13+ Hz1) Hop — Ho3H>1

— H3Hi|, (2.13)
M3 = M32 = s253[ (H23+ H3p) H11 — Ha1H21

— H13H12], (2.14)

whereM;; = (Mrad);; and we have dropped a common
faCtOI‘mBad/m%. As discussed in (1.10), in a phenom-
enological investigation in the next section, we will
takesy = s2 = s3 = 1 for simplicity.

3. Phenomenology

In general, the sneutrindg can have VEVs); =
(D;) # 0[8]. Since the mass matrix fovy, vo, v3, W9)
(except for the radiative masses) is given by

0 0 0 igu

0 0 0 3guw
2 , (3.1)

0 0 0 5gus

%gvl %gvz %gvs My,

where, for simplicity, we have dropped the elements
for B, the contributionM; from (3;) # 0 to the
neutrino masses is expressed by

g2 vl
My~ = v | (M) H(v1 v2 v3)

4
v3
2
2 Ch V1V2 V103
8 2
=— vV v; v2u3 |, 3.2)
4MW 2
V1V3 V203 V3

under the seesaw approximation. Note that the matrix
M; is arank-1 matrix. Therefore, in the present model,
the neutrino mass matrix, is given by

MVZMrad+Mlj. (33)

We have estimated the absolute magnitudes of the
radiative masses in (2.3)-(2.5). On the other hand,
it is hard to estimate the absolute values (0f),
because, in the present model, there is neither a term
corresponding to the so-callegi“term” . H, H,, nor
51.(—yi <> H(o) mixing terms, so that the sneutrinds
cannot have the VEVS&);) at the tree level. The non-
zero VEVs appears only through the renormalization
group equation (RGE) effect [9]. The contribution
highly depends on an explicit model of the SUSY
breaking. Therefore, in the present Letter, we will deal
with the relative ratio of the contribution®; to M;aq
as a free parameter.

The recent neutrino data [10-12] have indicated
that sirf 20am~ 1 and taRfsojar~ 0.5. In response
to these observations, He and Zee have found a
phenomenological neutrino mass matrix [13]

2+x 0 0
Mv=m0< 0 1-y+x 1+y )

0 1+y 1-y+x
111
+ moe (1 1 1) , (3.4)
1 11
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which leads to a nearly bimaximal mixing
2 1

N
1 1 1
U= N (3.5)
-1 1 1
V6 V3 V2
ie.,
Sin? 20am = 1, (3.6)
1
tan2 950|ar= E (37)

(Although He and Zee gave the mass matrix (3.4) with
x =0 in Ref. [13], since a term which is proportional
to a unit matrix does not affect the mixing matrix form,
the most general form of the He—Zee mass matrix
is given by (3.4).) The mass matrix (3.4) gives the
following mass eigenvalues:

my1 =mo(2+ x),

my2 =mo(2+x 4 3¢),
my3 = mo(x — 2y), (3.8)
and

1 3

2 _ 2 2
Am32 =my3—m,

2 3 5
=—4N1l+x—y+e||l1l+y+ ze)mg,
3 2
(3.10)

_Am3, 32+ x+3¢/2e

T 204+ x—nA+y)

(Therefore, the parameter has to bey # —1 and
y#1+4+x.)

R (3.11)

- 2
Am32
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so that we can regard the second term in the He—Zee
matrix (3.4) asM; which originates in the sneutrino
VEVs. Then, it is interesting whether our radiative
mass matrix (2.8) can give the first term in the He—Zee
mass matrix (3.4) or not.

Corresponding to the assumption (3.12), we may
also suppose that the coefficienis are invariant
under the permutation amortg; = (v;, er;) which
belong to5;; (not amonge%; Which belong to 19;).

The most simple case will be

1 00
h:x(l 0 O). (3.13)
1 00
Then, we obtain the radiative neutrino mass matrix
m2 0 O 0
Myag=m@H?—1 ( 0 1 —1> , (3.14)
m3\o -1 1

which corresponds the first term in the He—Zee mass
matrix (3.4) withx = —2 andy = —2, so that we get

In the present model, there are many adjustable pa- znd

rameters for the neutrino mass matrix phenomenology.

Let us seek for an example with simple and plausible
forms of Maq and M; with a clue of the successful
He—Zee mass matrix form. First, we think that it is
likely that the VEVs(;) are democratic on the basis
on which the charged lepton mass matrix is diagonal,
ie.,

(V2) = (V3), (3.12)

9
R~ Zez, (3.15)
where
2 ~\2
PR S UV (3.16)
4 My mo
mo=mFh2—%. (3.17)
T
From the best fit values afm?; [10-12],
6.9 x 1072 eV?
- _276x107% 3.18
OB S 5 % 10-3 eV2 X (3.18)
we obtain
e=0111 (3.19)
my1 =0, m,» = 0.0083 e\,
my3=0050eV,  mg=0.025eV, (3.20)

where we have used the best fit values [10-12]
AmZ, = 25 x 1072 eV2 and Am2,, = 6.9 x
10> eV2. In the present model (3.14), the absolute
magnitude ofm,3, which is radiatively generated, is
given by
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1 .
mMy3 = EAF)Lsz =19x107%2AF)%eVv, (3.21)

whereA andF are numerical values of the parameters
A andF in unit of TeV, which are defined by?, , =
AM, and Eq. (2.5), respectively. If we, for example,
take A ~ 1 TeV andn?, ~m?, ~ 0.5 TeV, we obtain
m,3 =~ 0.075.2 eV. Thus, roughly speaking, the choice
msysy ~ 1 TeV andi ~ 1 can give a reasonable
magnitude ofn, 3.

4. Summary

In conclusion, we have proposed a model with
parity violation within the framework of an S8)
SUSY GUT. In the model, we have matter fields
10 (4 + BL(f) +5.+ 5L(+) and Higgs fields7
and Ho), where (+,0, —) denote their transforma-
tion propertiesw™?!, w®, =) under a discrete sym-
metry Zs, respectively. AIthougI‘:’BL(_)SL(+) acquires
a heavy mas9/s at u = My, the effective masses
of the triplet and doublet componerﬁg‘) 5 and

L(+)
S(LZ()_)S(LZ() )y M® and M@, are given byM<3) ~

My and M@ ~ My, respectively, because we con-
sider a fine tuning terngs5,(—) ®(0)5,(+) With VEVs
(@) = v24(2, 2,2, -3, —-3). At an intermediate en-
ergy scaleu = M; ~ 10'° GeV, the Z symmetry is
broken by the termi/S85; )5, (4, so that masses of
S(Ls() , andS(LZ() , are given bwn(S(L?’()H) ~ MSB~ M;
andm(S(Z) )= M@ ~ Myx. In other words, at a low-

energy scale the massless matter f|eldsEé%
5(L(+) + 10g(+). Therefore, theR-parity violating in-
teractionsdy ()57 (+)10.(+) are invisible in the triplet

sector, while those are visible in the doublet sector.

Since we take the fine tuning parametaf§>, M@
and MSB asM® ~ mgysy, M@ ~ MX and MSB ~

My x 1071, the mixing angle®® betweenS(L“()+)

ands(”) i (the observed quarks and Ieptcﬂlsare de-
fined aéSL, = c,SL(,)l — 5 5L(+)l) are given bysi
M(3)/Ml_SB ~ 1012 and Ci(Z) ~ MI_SB/M(Z) ~ 1071’
i.e., the triplet components in the effectikeparity vi-
olating interaction$; 5; 10, (4, are highly suppressed
by the factors® ~ 10712, while the doublet compo-
nents are visible becausesgﬁ?) ~1.
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In the present model, the radiative neutrino masses
are generated only through the charged lepton loop.
The general radiative mass matrix foifiaq is given
by the expression (2.8) ((2.9)—(2.14)). If there are con-
tributions M; from VEVs of the sneutrinogv) = 0
to the neutrino mass matrix, with suitable magni-
tudes relative taM;,q, especially, with a democratic
form (3.12), we can obtain the He—Zee neutrino mass
matrix form (3.4), which leads to a nearly bimaximal
mixing with Sir? 20am = 1 and taR fsolar = 1/2. Of
course, this is only an example of the explicit mass
matrix form and the He—Zee matrix with forms (3.12)
and (3.14) are not a logical consequence of the present
model. We have to assume something of an ansatz for
a flavor symmetry. Maybe, a more plausible ansatz for
the flavor symmetry will give a more elegant mass
matrix form which gives beautiful explanations for
the observed neutrino and lepton-flavor-violation phe-
nomena. Search for such a flavor symmetry is one of
our future tasks.

In the present Letter, we did not discuss the quark
and charged lepton mass matrices. In the present
model, the down-quark mass matiig, is related to
the charged lepton mass matif, as M! = CM,
with C # 1. Investigation of a possible structure Gf
is also a future task in the model.

It is interesting to extend the model to a further
large unification group. In the present SU(5) model,
we have two types of the matter fields with the
transformation properties™ and »=! under the
discrete symmetryZi.e.,5; (4)+ 10+ and5,_y +
SL(+)- For example, if we suppose an 80) model,
we can regar®y iy + 10,4 [+11)] and 5y 4 +
5.(+) as 164y and 1Q4) of SO(10), respectively. We
are also interested in a 27-plet representation ©f E
which is decomposed into 16 10+ 1 of SQ(10).
Thus, the present model has a possibility of a further
extension.

In conclusion, the present model will bring fruitful
results not only in phenomenology, but also in a
theoretical extension.
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