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The idea of Nelson and Strassler to obtain a power law suppression of parameters by a superconformal force
is applied to understand the smallness of ghparameter and neutrino masse&R#parity violating supersym-
metric standard models. We find that the low-energy sector should contain at least another pair of Higgs
doublets, and that a suppression=s0D(10 % for the u parameter and neutrino masses can be achieved
generically. The superpotential of the low-energy sector happens to possess an anomaly-freeRiserete
metry, eitherR; or Rg, which naturally suppresses certain lepton-flavor violating processes, the neutrinoless
double beta decays and also the electron electric dipole moment. We expect that the escape energy of the
superconformal sector isO(10) TeV so that this sector will be observable at the CERN Large Hadron
Collider (LHC). Our models can accommodate a large mixing among neutrinos and give the same upper bound
of the lightest Higgs boson mass as the minimal supersymmetric standard model.

DOI: 10.1103/PhysRevD.64.115014 PACS nunider12.60.Jv, 11.30.Fs, 14.60.Pq

I. INTRODUCTION from their anarchical order at a fundamental sCaémd at
the same time to obtain almost degenerate soft-
The minimal supersymmetric standard mod®SSM) supersymmetry-breakinSSB scalar masses at low ener-
contains two Higgs chiral supermultipletd,, andH4, and  gies[21,22.
with respect to the standard modéBM) gauge group For our idea to work, we have to couple the Higgs fields
SU(3)cX SU(2), X U(1)y the down-type Higgs doublety O a.superconformal sector. However, if the MSSM Higgs
has the same quantum numbers as the left-handed lept8pultiplets couple to the strong sector, not opdyout also all
doublets L;(i=1,2,3). Therefore, the SU(8XSU(2), the Yu_ka\_/va C_oupllngs are suppr_essed, which we would like
X U(1)y gauge interactions cannot distinguisly from L, . to avoid in this paper. So, we will enlarge th~e nggs~sector.
What distinguishes them from each other are lepton numbefVe introduce another pair of Higgs doubleks, andHg,
and R parity [1], which, however, forbid Majorana neutrino which are supp(_)sed to c_:ouple to the superconformal sector
masses. An elegant way to generate small neutrino masses38d are responsible to driyedown to the eIecErloweak scale.
the seesaw mechanisi@], and if we apply this mechanism We Wwill find that a suppression of£0O(10 9) can be
without breakingR parity we have to introduce right-handed achieved in this way, and we expect that the escape energy of
neutrinos into the MSSM. It has been known for a long timethe superconforr_nal sector is rather a lower Sea[Q(TeV),
that, once we give up the lepton number as welRgsarity because otherwise the superconformal suppression would be

conservation, there exist possibilities of generating neutrin(SnSUff'C'em.to understand the smalln_ess of fhand neutrino
- . : ) . . _masses. Since the charged matter in the superconformal sec-
masses through mixing with neutralinos without introducing

. : tor has nontrivial quantum numbers under SUY(2)
right-handed neutrinogl,3-9. % .
In this paper we are concerned with thé&earity violat- U(1)y, they could be experimentally tested at the CERN

. ; .. Large Hadron CollidefLHC), for instance.
ing (RPV) models. In the RPV models, there exists no dif- g iy explicitly construct realistic low-energy models

ference amongdy andL;. Thatis, thew term,HyHg, and  py imposing anomaly-free discreRsymmetried23] in the

the bilinear RPV termsH,L; , should be treated on the same gyperpotential, while allowing most general, renormalizable

footing, which implies that theu problem[11] is closely  supersymmetry-breaking terms. It will turn out that our mod-

related to the smallness of the neutrino mas$@3]. So, els can accommodate a large mixing among neutrinos, and

unless theu problem is solved, the natural neutrino mass inthat the upper bound of the lightest Higgs boson mass of the

the RPV models will be of the order of a fundamental scaleMSSM remains unchanged.

which is a disaster for the models. Our basic idea, to obtain a

small x and hence small neutrino masses, is to use a super- Il. SUPERCONEORMAL SECTOR

conformal strong force to drivee down to the electroweak

scale from a superhigh energy scale. A similar idea has been We assume that the superconformal gauge force that sup-

applied in the Yukawa sector and in the supersymmetrypressesu is based on the gauge group $Y) with a global

breaking sector by Nelson and Strasdl&8] to generate a symmetry UQNtg) XU(Ntg)gX U(Ny) X U(Ny)gr. The

hierarchical order of the Yukawa couplings at low energiegmatter content is given in Table |. Note that the representa-
tions of the matter chiral supermultiplets in this sector should

ISee Ref[10] for recent developments.
2See also Refg.12-14 for various possible solutions for the 3The basic mechanism will be explained in the text, and for more
problem. details see Ref.18]. See also Ref4.19,20.
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TABLE I. Field content in the superconformal sector.

SU(3)c X SU(2), X U(1)y SU(N¢) U(Ntg) XU(Nt9r U(Ny) X U(Ny)r
T (1,2-1/2) Nc (N1s1) 1
T (1,2,1/2) N¢ (1N79) 1
S (1,1,0) Nc (1N19 1
S (1,1,0) N¢ (N7s1) 1
U (1,1,0) Nc 1 (Ny,1)
U (1,1,0) N¢ 1 (1Ny)
be real with respect to the SM gauge symmetry SY(3) (3Nc<3Nyg+Ny<3Ng). 3

X SU(2).XU(1)y. Otherwise the strong force could break

dynamically this symmetry, at least at the escaping energy we may assume that all the chiral supermultiplets have the
scaleA ¢, at which the strong sector is supposed to decouplgame anomalous dimensignfor simplicity, we find that

from the low-energy sectofWe will estimateA ¢ later) This

implies that the representation of the new Higgs supermul- 3Nc—(3Ntst+Ny)

tiplets H, and H4 that couple to the superconformal sector Y= 2(3N75+ Ny) )
should also be real with respect to these symmetries. With

this remark we now consider the coupling BL andﬁd to  at the fixed point, implying that the anomalous dimensions

this sector through the renormalizable superpotential can become negative numbers@®f1). Furthermore, at the
o superconformal fixed point, the dimension of the superpoten-
Wsc=yyH TS+ypH4TS, (1)  tial Wsc has to be 3, which means that its anomalous dimen-

sion should vanish. Therefore, we arrive at
where we have suppressed all the indices, and the new Higgs

doubletsH, and H4 are singlets under SB(.), where the e _ o 3Nc—(3N1stNy)

U(1)y charge ofﬁu(d) is +(—)1/2. VT YR H 4 3Nts+ Ny ’
Let us briefly explain the mechanism proposed by Nelson

and Strasslef18] using our model. According to Seiberg’s Which is a positive number ad(1), and forinstance, 1/14

conjecture 24], a nontrivial infrared fixed point exits in our =<7y*=<7/8 for SU(5).

modef if (3/2)Nc<3N;s+Ny<3Nc is satisfied[24]. The The crucial point is now that the large positive anomalous

anomalous dimensiom, of a chiral supermultiplety, at the ~ dimensiony* carried by the SSM supermultiplets has a large

fixed point is related to its charg®, of an anomaly-freeR influence on the SSM parameters if their evolution has the

symmetry throughy,=(3/2)R,— 1 [24,25. (We assume be- form

low thatT, S, andU have, respectively, the same anomalous

®)

dimensions ad, S andU.) The point is that the anomalous Ad—'u=,u Y A (6)
dimensions can become large negative numbers, because the dA u.d '

contribution of gauginos with a positivR charge to the

anomaly has to be canceled by that of chiral charged matté¥here - - - stands for other contributions from the SSM,

supermultiplets with negativie charge. This can also be seen Which are assumed to be small at high energies. If the energy
from the Novikov-Shifman-Vainstein-Zakharog function — decreases from a unification scalg [which may be the

[26] Planck scale, string scale or grand unified the@@BUT)
scald to the escaping scalé at which the strong sector
9% 3Nc—3Nyg— Ny+2T decouples due to some dynamics, the parameteceives a
BO)=" 16— I NegZlen? strong suppression of the form
—Neg?/8m
I'=Nrs(2yr+7ys)+Nuyy - @) m(Ac)=u(Ao)[Ac/Ag]”. )

This is the mechanism of suppressid8], and we assume
that all the massive supersymmetric parameters in the super-

1 potential of the SSM sector enjoy this suppression.
I'==5[3Nc=(3NrstNy)J, Note, however, that the anomalous dimension at the su-
perconformal fixed point cannot exceed 1, if only one chiral
multiplet couples to the parameter. That is,

So, at the fixed point we obtain

“We assume that the supersymmetric SM se¢&8BM) couples (Ao A
only weakly to the strong sector and so the conjecture is approxi- #Aac) _C, (8)
mately satisfied. m(Ao)™ Ag

115014-2
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so that if we would identifyu(Ag) with A, we would ob-  assume that a suppression of at leadt0™ > should already
tain the useless result(Ac)>Ac. A consequence of this exist in the fundamental theory. A representative example is
observation is that above the unification scalgthe param-

eter u should have already received some suppression Ac=1.8 TeV, u(Ag)=1C GeV,
mechanism, which yields a suppression of
. w(Ag)=10" GeV, Ay=10" GeV, (14)
p(Ao)  m(A) (A o
Ao Ac | wn(Ag) (9 \where we have assumed thgt =0.8. This should be con-

The value ofy* is typically =0.8. Assuming that 3/* —1

=0.2, Ac/u(Ac)=50, andu(Ac)/ m(Ag)=10" 1 we ob-

tain a necessary suppressionufA o)/ Ay=10"4.

trasted to the models of Nelson and Strasgl8}, whereA ¢

is supposed to be between!@nd 13° GeV. Our models
predict a rather lower scale O(TeV), because otherwise the
superconformal suppression would be insufficient to under-

Before we come to construct the SSM sector, let us comstand the smallness gi and neutrino masses. Since the

pute the anomalous dimensiond in our model in a semi-

charged matter multiplets in the superconformal sector have

nonperturbative way. That is, we use the nonperturbative remontrivial quantum numbers under SU(XU(1)y, they

sult for the 8 function of the gauge couplin@®), but for the
anomalous dimensions we use the one-loop expression

1 1 NZ—1
- _ N-rey? | _ ( 2 _ 2),
YH, 1672 TYu, YT 1672 Yu Ne g

(10

1 NZ—1

—_ 2__°C 2
1 Ng-1

Yu=— 16772 NC g ’ (11)

and similarly for YA, etc.. FromB(g)=0 and va,toT
+¥s= vi, T YT vs= 0 we obtain

3(Nc—N71g)—Ny

TNyt 3N2o+ 3Ny + NreNy |
(12

* — — —
YT YHT YHT

The maximal valueyj ., for a given gauge group can be

computed from Eq(12). We find for instance

1 7
VaalSUBD=3,  YialSUS)= 15,

. 5 26
ThalSUTN=5, 7halSU=35. (13

Note that the numbers above are not exact results, because
we have used only one-loop anomalous dimensions in Eq

could be produced and seen as new type of hadrons at the
LHC.

Ill. THE LOW-ENERGY SECTOR

We assume that the low-energy physics can be described
by a supersymmetric extension of the SM and that all the
supersymmetric mass parameters receive the superconformal
suppression. As explained in the Introduction, we must en-
large the matter content of the MSSM for this idea to work,
and we have already introduced, in addition to the MSSM

Higgs doubletdH, andHg4, a new set of Higgs doublets,,
and Hy that couple to the superconformal sector. The SM

gauge interactions cannot distinguish, from H, and Hy
from Hy, and so we would like to find a symmetry that
makes it possible to distinguish them from each other and
allows in the superpotential the quadratic terms such as

H4H, andH Hg, but forbidsH4H,, (which has to be absent,
because it cannot enjoy the superconformal suppression
First we consider an ordinary global U(1) or discretg
symmetry? and we assume that the superconformal strong
force does not break nonperturbatively the symmetry. This
implies that the representations of the charged matter multip-
lets in the strong sector should be real with respect to the

symmetry, that is, the U(1jor Zy) charge ofH, has to be
the opposite sign of that dfiy. ConsequentlyH ,H4 and
henceH H4 cannot be forbidden by an ordinary global U(1)
or discreteZy, symmetry ifH4H, andH H4 are allowed.
Another possibility iSR symmetry, discrete or continuous.
We understand under the reality of R symmetry in the
strong sector that the charged matter multlpIEt§ andU

gan form a mass term witli, S, and U, respectively. So,

(10) and (11). (In some cases, one-loop anomalous dimentheir R charge has to be 1, implying that the chargeHgf
sions yield exact resultsSo these numbers may receive andHg4 has to be zero such that the Yukawa couplibyis

nonperturbative corrections.

allowed by the symmetry. We look for an anomaly-free

As we have seen in this section, the superconformal forcgymmetry along the line of Ref$23,28, because such a

can suppresga according to the power layr). However, the

symmetry may descend from a gauge symmetry in a com-

suppressionu(Ac)/ m(Ap) is not strong, so that only a sup- pactified string theory. We denote thiecharge of a chiral

pression of=0(10 %) can be gained from the superconfor-
mal force if we assume thatc/A,=10"1% and y*=<0.8,
where we have used relati@®). We therefore cannot iden-

By an “ordinary” symmetry we mean a symmetry that is not of

tify w(Ag) with the fundamental scald,, so we have to R symmetry type.

115014-3
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supermultiplety by R(¢), and impose the following condi- 3
tions: (1) the reality of {H,,Hy), which meansR(H,) A= 5{2[R(Q)~1]+[R(U) = 1]+[R(D) ~ 1]} +3,

=R(Hy)=0; (2) the presence ofi4H, andH Hy; (3) the (20)
absence oH H4; and(4) the presence of the Yukawa terms
EiCLde, DiCQde, andUiCQjHu- where we have considered the possibility thatReharge of

HereE;, U;, andD; are the right-handed lepton, up-type the leptons may depend on the generation, while we have
quark, and down-type quark singlets, andand Q; are the assumed that for quarks it is independent of the generation.
left-handed lepton and quark doublets=(1,2,3), respec- Using now Eqs(15—(17), the anomaly coefficientd9) and
tively. An immediate consequence of the reality condition 1(20) can be rewritten as
is that R, (R parity) is ruled out, because this condition

implies thatR(H4) =R(H,)=2=0(mod 2) due to the con- >
dition (2), which, however, contradicts conditidB). So we 2A,= —8+§1 [R(L)+9R(Q)]] (mod N),
will not considerR, in the following discussion. Conditions (22)
(1) and(2) yield
~ 1

R(Hy=—-R(H)+2=2 (mod N), 2A3=6{1— E[R(Hu)+R(Hd)]J =—6 (mod N).

R(H)=—-R(Hg+2=2 (mod N), (15) 22
which give Equation(22) implies that a continuouR symmetry cannot

be anomaly free. So we look for anomaly-free discrite
R(H,)+R(Hg)=4 (mod N), (16)  symmetrieRy. ForRy, the right-hand side of Eqé21) and

(22) may beNk to ensure an anomaly-free symmetry, where
where we have taken into account the possibility thatRhe K is an arbitrary integer. Therefore, E@2) implies that we
symmetry may be a discrete symmeR);. The last condi- can have onlyR; or Rg (R, has already been ruled out

tion (4) requires Another immediate consequence is thaR{lL;) is indepen-
dent of the generation,.2,=Nk cannot be satisfied fax
R(H,)+R(Q)+R(Uj)=R(Hg) +R(Q;) + R(Dj) =3 and 6, because 8 cannot be cancelled by a multiple of 3.

c In the following discussion we will assume thiaf has aR
=R(Hg) +R(L)+R(E)) charge that is different from those &f, and L5 (although
=2 (mod N). (17) there are other possibilities, e.g., that tRecharge of the

quarks is generation dependerthe R[SU(N¢)]? anomaly

One can easily see that E€L7) requires that the trilinear results only from the SWc) gauginos[condition (1) is a

terms consequence dR(T)=R(T)=---=R(U)=1]:

DfQ;Hy and UfQ;H, (18) 2 AN =2T(SU(N))=2Nc, (23)

should be absent.

There exist mixed non-Abelian gauge anomalies
RIU(1)y]?, RISU(2) 1%, RISU(3)c]?, and R[SU(NC)1?,
the cubicR®, and mixed gravitational anomalies. The cubic
and mixed gravitational anomalies depend on the structure q
the massive states in the high-energy the@y they do not

which implies that, because B% or Rg, only a multiple of 3
for N¢ is possible.

We have checked that there exist various solutions, and
e would like to give here only two representative solutions
Table II. The models also possess the baryon triality sym-
metry B; [23], which is free not only from the mixed non-

dgcouple In & certain sense at low energl23)), while the Abelian gauge anomalies, but also from the cubic as well as
mixed gauge anomalies should be cancelled by the masslelsr§e mixed gravitational anomaliés

fermions[23,27. Since we are not interested in the high- The superpotential corresponding to g and Rg mod-
energy sector in the present paper, we would like to take int%ls takes the form 6
account only the mixed gauge anomalies. Moreover, the

R[U(1)y]? anomaly does not give useful information, be-

cause the U(1,) charge is not quantized. With these remarks W=W,,+Wy+Wy, (24)
in mind, we considelR[SU(2),]? and R[SU(3)c]? only.
The anomaly coefficients are given [83,27,28 where
3 123 1
A,= 53[ R(Q)—1]+ > 21 [R(L)—1]+ E{[R(Hu) —-1] 5The baryon triality is defined &;=2Y —B(mod 3)[23], where
=

Y andB are the weak hypercharge and baryon number, respectively.

The baryon triality assignment in the superconformal sector is not

unique. A possibility is thaB3(T)=2,B3(T)=1 and all the other
(19 superfields have zero charge.

+[R(Hg)—1]+[R(H,)— 1]+ [R(Hg) - 11} +2,

115014-4
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TABLE Il. The Rcharge assignment of two representative mod-

els. The last row is the baryon trialif23]. —Loot= 2 (MAHEH,+ X (M3)asHEHap
i1=1 alfe1
R H, H¢ H, Ay L1 Loz Ef E33 Q U® D° 3
2 * 2 *Cp|C
R, 2 2 0 0 1 2 2 1 0 0 0 +ij2:1[(mQ)iiQi Q;+(my); U U
Rs 2 2 0 0 4 2 2 4 0O O 0 -
Bj 1 2 1 2 2 2 2 2 0o 2 1 ~
+(mp);; D} °Df1+ _i21 21 BicHuiHda
3 5
WM:pHqu+MOHdHu+_223MiLiﬁu, (25) +|21 ElhideaHdﬂEf
i=2, =1 a

Mw

+

Wy = Z y,JLH Ef+y$iLiHGES b
Ij—

3 +H.c.
+ij2:1 [y QiHaDS +yi QiHUS],

B
5 2
( > hﬂaQinaDHgl hi QiH U

1\ a=1

, (27)

where the gaugino masses are abbreviated and the same no-
tation has been used for the scalar component of a supermul-
tiplet as the corresponding superfield. We have denoted the

W\'(I_E;g Nk LiET+NogloLE] Higgs doubletsH, and H, by H,; with i=1,2, and the
1=2, -~ . .
down-type onedHy,Hy andL; (i=1,2,3) byHy, with «
3 L =1,...,5,respectively.
+,k21 (NikLiQiDi+ygiLiHGED) | (26) The superpotential26) has various phenomenological
=

consequences. First of all there is no baryon decay as em-

phasized. X{j, in the notation of Ref[10] vanish identi-
The coupling constant;j is antisymmetric with respect to cally.) Further various Yukawa couplings vanish:
the first two indices Xjjx=—A\jx). The last term?fi
Llﬁ 4Ef in W, could cause a flavor changing neutral current
(FCNO) problem, but it is not, becau&ﬁi will be extremely )\iij =0 fori,j=1,2,3. (28
suppressed by the superconformal force. Note that the
baryon number violating terr®°D°U°¢ is absent in the su- Therefore, the bounds coming from a certain set of the
perpotential. This term is protected B and also by the lepton-flavor violating processes such @as-ey, u—eee
discreteR symmetry. u-e conversion in nucle[29-31], the electron electric di-

To make our model viable we have to take into accounfpole moment(EDM) [32], and the neutrinoless doubje

supersymmetry breaking. We assume that it appears as tlecay[33—-35 are automatically satisfied. But the lepton-
soft-supersymmetry-breakin®SB Lagrangianlg,s. What  flavor violating 7 decays as well as various RPV rare lep-
about symmetry ofso? If we impose the same global sym- tonic decays of light mesong29] such asK,—uu, Ky
metry R or Rg 0N Lsor, the gaugino mass terms for in- _ oo e aliowed, while a certain mode such Kis—ex

stance are not allowed. This would phenomenologically be a
disaster. In the case of the MSSM, the SSB terms satsfy +e,u is forbidden, giving constrainton the RPV Yukawa
f couplings[29,10

symmetry R parity), and moreover this symmetry is free o
all anomalies. But the superpotential of the MSSM with or

Y1ii=Nom=Ng;;=0 for i,j=2,3

! —7
without RPV terms has a larg& symmetry tharR,, which N2sh 312,315 3.8X 10,
is free from mixed non-Abelian gauge anomalies. One can
convince oneself, for instance, that an anomaly-Rg@r Rs N 121512 201, N 131N 310 3075 2.5X 107 8. (29

is realized in the superpotential. These discrete symmetries

R, andRg are assumed to be completely broken by the SSBrhese might be considered as prediction of the present model
terms in the case of the MSSM, while the completelyand make it possible to discriminate the model from other
anomaly-freeR, is unbroken by the SSB terms. In the RPV models. There are other phenomenological conse-
present case we therefore assume that the completefuences, which we would like to leave for future work.
anomaly-freeB; is unbroken, while the superpotential sym-

metry, R; or Rg, is broken by the SSB terms. We thus in- ————

clude all renormalizable SSB terms iy, that are consis-  ’Itis assumed here and above that the mass of all the scalar quarks
tent with B;. Then the SSB Lagragian is given by and leptons is 100 GeV.

115014-5
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IV. NEUTRINO MASS AND THE LIGHTEST HIGGS components of the Higgs and left-handed lepton supermul-
BOSON MASS tiplets are denoted by, with |=u,u, ..., and oumormal-
A. Neutrino mass and mixing ization ofv’s can be read off from
First we would like to derive the neutralino-neutrino mass
matrix M for the superpotentia(24) along with the SSB _2My a_ 2
Lagrangian(27). To this end, we define the neutralino vector Uy T 246 GeV, v°= | _L% vi, (8D
as =uu, ...
W= (—iNy, —iNg, b 43, Y ¥G, 1), 1=1,2,3 whereg is the SU(2) gauge coupling constant, and,y is

(30 the W gauge boson mass. We also use the notatipav,
where\ , , are the gauginos for U(3)and SU(2) , andy's ~ Pi=vi/v,  Mgy=Mgzsing,=Mytanéy, and Mey,
are the neutral fermionic components of the Higgs and left=Mz coséy=My, where ¢ is the Weinberg angle. Then
handed lepton supermultiplets in an obvious notation. Th@eutralln?-neutrmo mass term can be written as
vacuum expectation value¥EVs) of the neutral bosonic —(1/2)¥'M ¥, where

Mo MT -
Mmoo ) (32
M, 0 Mswoy M swpi —Mguwpo  —Mgupj
0 M, —Mcwpy —Mewpi Mcwpo M cwpid
Moo= Mswou  —Mcwpy 0 0 0 ZL
| Mswi —Mews O 0 Ko o |
—Msupo McwPo 0 Mo 0
~Mswod  Mewpsd IL 0 0
M=(=Mgupi Mcypi 0 ;i 0 0). (33

Here M, is a neutralino mass matrix and a neutralino-where
neutrino mixing matrix is represented by(. Through this
neutralino-neutrino mixing neutrinos can become massive as
discussed in the usual RPV modgBs-9|.

The smallness of the neutrino masses can be achieved in - - - ]
two ways. One possibility is given by a precise alignment ofNOte thatu andp do not contairu andpy,pg, respectively.
p andz, in which case the energy scaleRiparity violation ~ Using the angl& made byu andp and the GUT motivated
does not have to be very small, and thereforg ; can take ~ 'elation M1/M,=(5/3)tarf 6y, the neutrino masé34) can
O(1) values. As a result, the neutralinos and neutrinos caRe Written as
have a large mixing. The other possibility does not require

the precise alignment betweem and x, but the scale 8 M3, sirté

R-parity violation has to be small compared to the weak m”32§|\/|_zm’ (30

scale. In this case all of the elementsof M, * is smaller

than 1, and consequently the neutrino mass matrix can be -

obtained from the seesaw formuia, = MM 5 M 7. where we have definefp|=cosg, which would coincide
Let us examine each case in more detail. In our modeldith va/(vi+vg)¥? of the Rparity conserving case if only

discussed in the previous sectiofsee the superpotential Hu @ndHgq would acquire a nonvanishing VEV. To obtain a

(25)], we havew;=0. The smallest nonzero eigenvalmea neutrino mass such as2.8 eV satisfying the combined

of the mass matriM in the first case can be approximately mass bound coming from the t.r itiug dgca_y[36] and vari-
written as[8] ous observations of the neutrino oscillatif®i7], we need

sing=3x10 * for M,=1 TeV and taB=10. It may be in-
teresting to see how the eigenstaig of the smallest non-
MZ(ciM1+SseM,) ;

m, = > ,uzﬁz—(ﬁﬁ)z], (34) vanlshlng m.asssny3 is composed. Here we con.5|der only the
m MM, case in whichy,; and ¢, are decoupledthat is, u;= u,

w= (o, t1,12,13),  p=(po,p1,p2.p3). (35

115014-6
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—0). Sincep has to be almost parallel ta, we make an form’
approximation thape ., and find that the mass eigenstate is

given by Mee O 0
m={ 0 m,, m,|. (40)
- ( ) (37) O M Mo
b= ————=(pothz— m3ta).
\/M?ﬁﬂé This matrix can allow a maximum mixing in the and

sector, which is favored for the realization of a bimaximal
So the mixing betweew; and ¢4 will be large in general, mixing in the lepton sectof38]. (The bimaximal mixing is
but no mixing occurs with the other neutralinos. There areconsidered to be a favored form to explain the solar and
two zero mass eigenvalues at tree level, but in higher orderstmospheric neutrino observatiprSince the mixing matrix
in perturbation theory7,8] this degeneracy is removed and yMNS g given by VMNS= V|TVV (V, is the diagonalization
the mixing among all the neutrinos occurs. Although the coumatrix of the matrixm,), the bimaximal mixing form
plings in the superpotenti&P6) are restricted by a discreRe
symmetry[see EQ.(28)], three neutrinos mix at one-loop

order, allowing a variety of mixing among neutrinos depend- i i 0
ing on the size of thdR-parity violating parameters. How- V2 V2
ever, we cannot say more about its nature at present. 1 1 1
In the second case the neutrino mass matrix can be ob- YMNS— | —— - —— (41)
tained from the seesaw formula 2 2 \/E
_MM *lMT 1 1 1
ml/_ 0 2 2 \/E
o , rZ I, T,
~ Mz(cuM+sMp) 'T T2 T[T may be obtained if, for instance, si-0 and cos¢+7y)
B M Moud e n w T ~sin(a+7)~1/\/2. Note that the higher-order corrections re-
rJg, r,r. Iz solve the mass degeneracy and hence fix the size of the angle

(38) a. We expect to obtain results that are similar to those in Ref.
[8], in which, as far as the neutrino-neutralino sector is con-
whereT ,= — p_uo+ poi, . The nonzero eigenvalue of this (;erned, similar .models have b_een studied.. Here we would
matrix is given by like to quote_ their result: Following the nc_)tatl_on of Grossman
and Haber in Ref[8], the one-loop contributio@m,, to the

2 9 2 = neutrino mass matrix may be written as
MZ(CaM1+SEMp)[T'[?

M 1M ou ’ 1 M gzz
(om,)ij=—— > )\ikp)\jpkm(kl) sin 24 In OB
which is equivalent to Eq(34) up to the higher-order terms 32w | kp Mp2
of u, andp,. A possible diagonalization matrix ¢88) is8 (@2
. . N (@ g (a)
cosy siny O cosé 0 sind +3§ NisthjisMs " SIN 26 In ng)Z '
V,=| —siny cosy 0 0 1 0 2 i
0 0 1/ \ —sinéd 0 cosé 42
cosa sine O wherem(, m{?, M{) ,  andM{, stand for the lepton,
«| —sine cosa 0O (39 quark, slepton, and squark masses, respectively. Further, it is

assumed that the sleptons and squarks are much heavier than

0 0 1 the leptons and quarks, angl’ and ¢(% are the mixing
angles for the mixing between thetype andR-type charged

where tany=—-1",/T'¢, tané= \/Fez+ FMZ/FT, and« is an  sleptons and squarks in each generation, respectiitié/

arbitrary angle. This arbitrariness results from the fact thaflavor mixing has been neglectedt is clear from the one-

the mass matrix38) has two degenerate eigenvalues. Nowloop contribution(42) that as long as the couplingsand\’

to find the mixing matrix in the lepton sectoNS we re-  are free parameters, one can obtain in principle any kind of

mind ourselves that ouR-charge assignmerisee Table I the neutrino mixing matrixyMNS. As for our models pre-

constrains the mass matrix of the charged leptons to have tteented in Sec. lll, there exist indeed certain constraints on

8We assume that all the elements rof are real, and\/ImVVV %1f we take otherR-charge assignment for the lepton sector, this
=diagonal. feature cannot be realized.
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them like Eq.(28), but they are not strong enough to predict  Since physics is independent of the choice of a basis of
a model specific structure of the neutrino mass matrix. the fields, we go to a basis, in which ortly; andhy,; have
a nonvanishing VEV. Accordingly we define

B. The lightest Higgs boson

1 1
Since there exist two pairs of Higgs doublets in our mod-  hy1= E(vu_l— p1t+ing), hdlzﬁ(vd_l' P2t+in),
els, there exist fouC P-even neutral, thre€ P-odd neutral

and three pairs of charged Higgs bosons that are mixed with

the neutral and charged scalar leptons, respectively. Here we hyo=
are interested in the neutral sector, because we would like to

find out the upper bound of the mass of the lightest Higgs i
boson. We denote the neutral scalar componentd pénd i=2,...,5(44)

H, by h,; with i=1,2, and those of the down-type ori#g,  where¢’s and #'s are real scalar and pseudoscalar compo-
Fid, andL;(i=1,2,3) byhy, with =1, . .. ,5,respectively. nents of the Higgs fields, respectively. In this basis, the mass
Then the most general renormalizable scalar potential includnatricesM g andM$ for the CP-even andC P-odd scalars,

1
e +i y h i = i +i i y
\/E((P?: 773) d \/5(()0 +2 77+2)

ing the SSB terms can be written as respectively, take the form
SM
V= (md)ishiihy;+ (Mg) wphfahas— (Bighuihge+ H.c) » _[MeEo Beo
ME o= .1 , (45)
1 Beo Meo
+g(gz+g,2)(h:ihui_hgahda)z- @43 here
1 2 12y,,2 1 2 12
(valvw)But 7(9°+9")vy —Bu= 2(97°+9" vy
Me"= 1 1 , (46)
~Bu—7(8°+0 oy (vu/va)But7(97+9"%)0g
M(%M: (vq/vy)B1r By , a7
B11 (vy/vg)B1y
(vg/vy)B1p —(+)By; )
B = , ]=2,....,b 48
BT —(+)Byy  (vulv)By)" ] 49
2 1 2 12 2 2
(Mg)33=(Mp)33= (M) 2o+ 5 (9°+9" ) (v —vg), (49
8
(Mgoy)3j+2=(Mgoy)j+23= —(+)Byj, [j=2,...,5
2 1 2 ’2 2 2 S
(ME)it2j+2=(Mo)i42j+2=(Mg)ij + 5(9°+9" ) (vg—vy) &, 1,j=2,....5. (50)
8

To derive the above formulas we have used minimum con-+Tr M3 is satisfied, which yields the sum rule at the tree
ditions of the scalar potential and also assumed that all thizvel

parameters appearing in the scalar poter(#8) are reaf-’

Note that the upper 22 matricesMZ andM3 have exactly 3 3 3 3

the same form as those of the MSSM. We see from Egs. mﬁ+ iZl mﬁﬁiZl m~i+i=M§+ i21 miﬁrzl nw, i,

(45)—(50), as in the case of the MSSM, that M2=M2 (51)

where m,, my, and nm;  stand for the masses of the

10The mass parameters above are not those defined in the origingl P-even scalars, annhA andn; f(?r the CP.'Odd scalars.
scalar potentia(43). They correspond to those in the new basis in  Now we come to discuss the lightest Higgs boson mass
which only h,; andhy,; acquire a nonvanishing VEV. m;,. To this end, we concentrate on the size of the diagonal
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elements oMZ andM2, because their smallest eigenvaluesin M, implying that we have the same upper bound of the
cannot be larger than the smallest diagonal elements. THeghtest Higgs boson as in the case of the MSSM,

scalar mass squarad and mj in the scalar potential43)

consist of both the SSB scalar mass squared and the contri- mp=<M3 cos 2, (54
bution from the superpotentigR5). Here we remind our-

selves that all the parameters belonging to the mass as wélecause the matrib 2V [given in Eq.(46)] has exactly the

as interaction terms that involve at least ondigfor H, are ~ same form as in the MSSM. The tree-level bouff)
very much suppressed at the escape energy. In particular, t§80uld be of course corrected in higher orders in perturbation
SSB scalar mass squared féy, or Hy [which we denote by theory [39,40. We expect that the correction will be very
~, ~ , ) similar to the case of the MSSM, especially if the other
(md)2> and (M),,] vanishes at the superconformal fixed

! : -~ masses are large.
point[21,22,1§, if the weakly coupled low-energy sector is
switched off. It has been, however, found in Rgf9] that
the low-energy sector has a nontrivial influence on their evo-
lution such that they rather approach, translated into the |n supersymmetric standard models WRtparity and lep-
present case, as ton number violations, the left-handed lepton and down-type
Higgs supermultiplets should be treated on the same footing,
unless there exist further quantum numbers that distinguish
them from each other. Therefore, the problem in these
models is closely related to the question of why the neutrinos
wherey* is the anomalous dimension bf, (or Hy) at the ~ are so light. In this paper we have proposed to solveithe
fixed point[see Eq.(5)], M, is the SU(2) gaugino mass, Problem in this class of models by coupling the models to a
and we have neglected the Uglyontribution. Below the —Superconformal gauge force. We found that for this idea to
escape energ\c, their evolution is dictated by the low- Work we have to extend the MSSM so as to contain at least
energy sector, and all the couplings that contribute to thénother pair of Higgs doublets, which mediate the supercon-
evolution, except for the gauge couplings of this sector, aréormal suppression to the MSSM sector. We have shown that
suppressed because of the superconformal force. From thisSUppression o 0O(10*9) for the u parameter and neu-

. : . . = ~ trino masses can be achieved generically.
consideration we obtain approximate and (m3),, at ) .
e PP D22 and ()2 We have constrained the form of the superpotential of the
Z.

low-energy sector by imposing an anomaly-free disciete

symmetry, while we have allowed most general, renormaliz-
, (53 able supersymmetry-breaking terms. We have found that the

discrete R symmetry automatically suppresses the lepton-

L . . lavor violating processes such as—ey, u—eege u-e
where the quantity in the brackets is a positive number 0ﬁonversion in nuclei, the electron electric dipole moment
=0(1). Consequently, the total contributions to the dlagonaI(EDM), and also the neutrinoless doulglelecay. The result-

elements in question can be written as ing models can accommodate a large mixing among neutri-
1 nos, and it has turned out that the upper bound of the lightest
(ME)52= (1) + (M) 5+ 5 M3 cos 28, Higgs boson mass of the MSSM remains unchanged in these
extended models. Finally we expect that the escape energy of
the superconformal sectorisO(10) TeV so that this sector

V. CONCLUSION

2
139

ﬁ“\/‘zﬁ (52

(M2) 207 (M) 20— (¥*) ™

~ ~ 3g?
(mﬁ)zzz(mé)zzzﬁWzF

Ac
*\—1
(v*) +InMZ

~ ~ 1 . .
(mg)zzz M2+(m§)22+§M§cos 28, could be experimentally observed in near feature.
where tarB=uv, /v is defined in the basis in which all the ACKNOWLEDGMENTS
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