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Supersymmetric one-family model without Higgsinos
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The Higgs potential and the mass spectrum ofXlvel supersymmetric extension of a recently proposed
one family model based on the local gauge gr&id(3)c®SU(3), ®U(1)x, which is a subgroup of the
electroweak-strong unification grouy, is analyzed. In this model the slepton multiplets play the role of the
Higgs scalars and no Higgsinos are needed, with the consequence that the sneutrino, the selectron, and six
other sleptons play the role of the Goldstone bosons. We show how fieblem is successfully addressed in
the context of this model which also predicts the existence of a @dPtodd scalar.
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[. INTRODUCTION its superpartner must be introduced. The two Higgs doublets
mix via a mass parametéhe so-callequ-parameterwhose
In spite of the remarkable experimental success of oumagnitude remains to be explained. In addition, since the
leading theory of fundamental interactions, the so-calledquartic Higgs self-couplings are determined by the gauge
standard model(SM) based on the local gauge group couplings, the mass of the lightest Higgs bodoiis con-
SU(3).®SU(2) ®U(1)y [1], it fails to explain several is- strained very stringently; in fact, the upper limin,
sues such as hierarchical fermion masses and mixing angles,128 GeV has been establishgs] (the tree level limit is
Charge quantizatiorCP ViOIation, and replication of fami- mp<my, the mass of the SM neutral gauge bo@ﬁh
lies, among others. These well known theoretical puzzles of 'sjnce at present there are not many experimental facts
fche SM have led to the strong belief that the model is Sti”pointing toward what lies beyond the SM, the best approach
incomplete and that it must be regarded as a low-energi,,y pe to depart from it as little as possible. In this regard,
effective field theory originating from a more fundamentalsu(3)L®U(l)x as a flavor group has been considered sev-

one. Among the unsolved questions of the SM, the e.luc'daéral times in the literature; first as a family independent
tion of the nature of the electroweak symmetry breaking €3 e0 [7], and then with a family structur,9]. Some ver-
mains one of the most challenging issues. If the eIectroweaIS<i0n;ymc t'he familv structure rgvide a SO|L,J'[i(.)n to the prob-
symmetry is spontaneously broken by Higgs scalars, the dc?- y P P

termination of the value of the Higgs boson mads; be- em of the numbeN of families, in the sense that anomaly

comes a key ingredient of the model. By direct Searchcancellation is achieved wheM is a multiple of three; fur-
CERNe*e™ collider LEP-II has set an experimental lower ther, from the condition ofSU(3). asymptotic freedom
bound ofM,=114.4 GeV[2]. which is valid only if the number of families is less than five,

After the proposal of the SM many scenarios for a morelt follows that in those modelsl is equal to 38].

fundamental theory have been advocated in several attempts OVer the past decade two three family models based on
for answering the various open questions of the model. Alfn€ SU(3)c®SU(3).@U(1)x local gauge groughereafter
those scenarios introduce theoretically well motivated idead’® 3-3-1 structurehave received special attention. In one of
associated with physics beyond the $8). Supersymmetry them the_three known. left-handed lepton _components for
(SUSY) is considered as a leading candidate for new physicgach family are asioplated to thr&&)(3), triplets [8] as
Even though SUSY does not solve many of the open qued-¥i:| .1 7)., wherel " is related to the right-handed isospin
tions, it has several attractive features, the most importarginglet of the charged leptohy in the SM. In the other
one being that it protects the electroweak scale from destanodel the threeSU(3)_ lepton triplets are of the form
bilizing divergences, that is, SUSY provides an answer td v, ~,2}), wherev is related to the right-handed compo-
why the scalars remain massless down to the electroweatent of the neutrino field;,_ [9]. In the first model anomaly
scale when there is no symmetry protecting théme “hier-  cancellation implies quarks with exotic electric charges
archy problem’). This has motivated the construction of the —4/3 and 5/3, while in the second one the exotic particles
minimal supersymmetric standard mod®&SSM) [4], the  have only ordinary electric charges.
supersymmetric extension of the SM, that is defined by the All possible 3-3-1 models without exotic electric charges
minimal field content and minimal superpotential necessanare presented in Ref10], where it is shown that there are
to account for the known Yukawa mass terms of the SM. Afjust a few anomaly free models for one or three families, all
present, however, there is no experimental evidence for Naf which have in common the same gauge-boson content.
ture to be supersymmetric. In this paper we are going to present the supersymmetric
In the MSSM it is not enough to add the Higgsino to version of the one-family 3-3-1 model introduced in Ref.
construct the left chiral Higgs supermultiplet. Because of thg 11]. The non-SUSY version has the feature that the fermion
holomorphicity of the superpotential and the requirement ofstates in the model are just the 27 states in the fundamental
anomaly cancellation, a second Higgs doublet together withepresentation of the electroweak-strong unification giBgip
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[12]. Besides, the scale of new physics for the non-SUSY

version of this model is in the range of 1-5 T¢W1,13, so

it is just natural to link this new scale with the SUSY scale.
Our main motivation lies in the fact that in the non-SUSY

model, the three left-handed lepton triplets and the three

Higgs scalars[needed to break the symmetry down to

SU(3).®U(1)q in two steps transform as the 3epresen-
tation of SU(3), and have the same quantum numbers under
the 3-3-1 structure. This becomes interesting when the super-
symmetricN=1 version of the model is constructed, be-
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cause the existing scalars and leptons in the model can playhereN? andN3 areSU(2), singlet exotic leptons of elec-
the role of superpartners of each other. As a result four maitric charge zero, andE(‘,Ng),_U(NS,E+),_ is an SU(2),
consequences follow: first, the reduction of the number ofloublet of exotic leptons, vectorlike with respect to the SM
free parameters in the model as compared to supersymmetris far as we identifyfNS, =N3° . The numbers inside the

versions of other 3-3-1 models in the literat{iiel]; second,

parenthesis refer to tHe&5U(3).,SU(3), ,U(1)x] quantum

the result that the sneutrino, selectron and six other sleptonsumbers respectively.
do not acquire masses in the context of the model con- |n order to break the symmetry following the pattern

structed playing the role of the Goldstone bosons; third, the
absence of the. problem, in the sense that the term is

absent at the tree level, arising only as a result of the sym-
metry breaking, and fourth, the existence of a ligH®-odd
scalar which may have escaped experimental detefiidh

SU(3).®SU(3), ®U(1)xy—SU(3).®SU2), ®U(1)y

—SU(3),®U(1)q, 2

and give, at the same time, masses to the fermion fields in

This paper is organized as follows. In Sec. Il we briefly the nonsupersymmetric model, the following set of Higgs
review the non-supersymmetric version of the model; in Secgcglars is introducefll1]:

[l we comment on its supersymmetric extension and calcu-
late the superpotential; in Sec. IV we calculate the mass
spectrum(excluding the squark sechoand in Sec. V we
present our conclusions.

II. THE NONSUPERSYMMETRIC MODEL

Let us start by describing the fermion content, the scalar
sector and the gauge boson sector of the nonsupersymmetric
one-family 3-3-1 model in Ref.11].

We assume that the electroweak gauge grouplg$3),
®U(1)xDSU(2),®U(1)y, that the left-handed quarks
(color tripletg and left-handed leptorn(olor singlet$ trans-

form as the 3 and 3epresentations ddU(3)_ respectively,
that SU(3). is vectorlike, and that anomaly cancellation
takes place family by family as in the SM. If we begin with
Q[=(u,d,D),_, where (,d), is the usual isospin doublet of
guarks in the SM and, is an isospin singlet exotic down
quark of electric charge-1/3, then the restriction of having
particles without exotic electric charges and the condition of
anomaly cancellation produce the following multiplet struc-
ture for one family[11]:

o L
b= ¢g ~(1§,—§),

10

1

by .
b= ¢g ~(l,§,—§),

10

2

b3

+ _2
$3= & ~<1,3,§); ©)

®'s

with vacuum expectation valué¢¥EVs) given by

<¢1>T:(O!OW)1 <¢2>T:(Oyv,o)y
<¢3>T:(v,1010)1 (4)

with the hierarchyW>v~v’'~174 GeV, the electroweak

u ) breaking scale. From Eq¢$l) and (3) we can see that the
_ _ c _|m31_% three left-handed lepton triplets and the three Higgs scalars
Q= d (33,0, uy (3'1’ 3)’ @) have the same quantum numbers under the 3-3-1 gauge
D/ group, so they can play the role of superpartners. Also, the
isospin doublet ing, plays the role of¢py and the isospin
d°~(§11) D°~(§11) doublet in ¢ plays the role ofg, in extensions of the SM
L YR 3 with two Higgs doublet$2HDM), in which ¢4 couples only
to down type quarks ang, couples only to up type quarks
e (2HDM type II).
Ly=| ve ~<1§_ E) There are a total of 17 gauge bosons in this 3-3-1 model.
0 3) One gauge field8* associated withU(1)x, the 8 gluon
N7 L fields G* associated withSU(3), which remain massless
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after breaking the symmetry, and another 8 gauge fialtls troweak and supersymmetry breaking scales. This is the so-
associated witlsU(3), and that we write for convenience in called x problem.

the following way: However, in a nonsupersymmetric model as the one pre-
sented in the former section, in which the Higgs fields and
DY WHe Kt the lepton fields transform identically under the symmetry
1 N 1 W& DA KO group, we can hav@s far as we take proper care of the mass
e a_ﬁ _2 ' generation and the symmetry breaking pait¢he three lep-
K™#* KO D% ton triplets and the three Higgs triplets as the superpartners

of each other. Consequently, we can construct the supersym-
where D4=A4/\2+ ALl \J6, D4=—A%L/\2+A4/\/6, and metric version of our model without the introduction of

D4= _ZAg/\/é_ \i, i=1,2,...,8 are theight Gell-Mann  Higgsinos, with the supersymmetric extension automatically
matrices normalized as Tt(\j)=25); . free of chiral anomalies. . _

The covariant derivative for this model is given by the ~For one family we thus end up with the following seven
expression D#=g*—i(ga/2N "G, —i(g2/2)N"A;,  chiral superfieldsQ, u, d, D, L, L,, andLs, plus gauge
—ig,XB*, whereg;, i=1,2,3 are the gauge coupling con- bosons and gauginos. The identification of the gauge bosons
stants forU(1)x, SU(3), andSU(3), respectively. eigenstates in the SUSY version follows the non-SUSY

The sine of the electroweak mixing angle is given byanalysis as we will show below.
S%,=39%/(3g3+4g?). The photon field is thus
A. The superpotential

, (5) Let us now write the most gener&8U(3).@ SU(3),

Af=S,A5+C
0= SwAG T Cw ®U(1)x invariant superpotential

.
J—ngAng J(1=T,/3)B*

where Cy, and Ty are the cosine and tangent of the elec-
troweak mixing angle.
Finally, the two neutral currents in the model are defined

U= (hO,003+ A D, A0 2+ hed,a03
a

as +A@H,DL2+hPQ,DLE)+APudD
T efabfc 4)AanbAcC
ZE=CywhAL—Sy \/—\%/A§+~/(1—TW/3)B" , +gc €ancd h"L1LoL3 HAQ7QPQY), )

T where a,b,c=1,2,3 areSU(3), tensor indices and the
ri_ [T Ak Wou chirality and color indices have been omitted. Notice the
Z'0 (1= Tw/IAg+ \/§B ' © absence of terms bilinear in the superfields, so a jaterm
is absent in the superpotentidl, but it can be generated,
whereZ* coincides with the weak neutral current of the SM, after symmetry breaking, by one of the terms in Ef); as a
with the gauge boson associated with tiehypercharge matter of fact it is proportional td*((N§)NJ+(N3)») N,
given by where(- - -) stands for the VEV of the neutral scalar field
inside the brackets and the tilde denotes the superpartner of
Tw the respective field. This effective term is at most of the
YH= ﬁAé”F V(1-Tw/3)B*]. order of the supersymmetry breaking scale, but as we will
show in the next sectioh®~0 in order to have a consistent
The consistency of the model requires the existence O§upt¢)alrsyrr_lmetrl% rr&o_delr.] This is ho‘?’ rt]he sudpe;r_syrp]_mqtrlc
eight Goldstone bosons in the scalar spectrum, out of whicROP/eM IS avoided in the context of the model in this paper.
four are charged and four are neutf@he C P-even state and TheudD andQQQ terms violate baryon number and can

threeC P-odd) [13] in order to provide with masses foy*,  Possibly lead to rapid proton decay. We may forbid these
K= KO KO 7° andz’® interactions by introducing the following baryon-parity:
lIl. THE SUPERSYMMETRIC EXTENSION (Q.u.d,B)—=(Q.u.d,D),

When we mtrqduce.supersymmetry in the SM, the entire (Ly,05, L) —+(Lq,00, 0. )
spectrum of particles is doubled as we must introduce the
E?Jperpartngrs of the bknown df!elds(,j besides twlo hsca[ar d:)u- This protects the model from too fast proton decay, but

ets ¢, and ¢y must be used in order to cancel the triangle e gyperpotential still contains operators inducing lepton
anomalies; then the superfields,, and ¢4, related to the  number violation. This is desirable if we want to describe
two scalars, may couple via a term of the fou, 4 which ~ Majorana masses for the neutrinos in our model.
is gauge and supersymmetric invariant, and thus the natural Another discrete symmetry worth considering is
value for . is expected to be much larger than the elec-L;; <L, , which impliesh®=0, A\(®=h9 and\(2)=hP,

075002-3



MIRA et al. PHYSICAL REVIEW D 67, 075002 (2003

As we will see in the next section, a very small valuéenbfs Vo= mL T tl+ mE [ztz_,_ mE Eg[;;
mandatory for having a neutrino with a very small tree-level 1 2 3

e +mf, Re(LITy)+h Re(eT,L,L,)

- 8
B. The scalar potential M -~
o B°B°+ E; A A+ (12)
The scalar potential is written as 2 &=

Vsp=Ve+Vp+ Vo, ©  whereMm 1 is the soft mass parameter of th€1)y gaugino

and M, refers to the soft mass parameter of B&J(3),.
where the first two terms come from the exact SUSY sectorgauginos.

while the last one is the sector of the theory that breaks after redefining € ~,N,) as¢y and N,,E*) as¢,, the
SUSY explicitly.

) ) parts ofV=Vg+Vp containing the sleptons are given by
We now display the different terms in E(R):

V= 8[(ldg+NINg) 2+ (e*e+2 0+ NINp?

IU|?
V= — ~ o~ ~ ~
F Ei i +p(pipute’e )2+ y(php,+Nie) (plpa+e Ny
= [h®2(|T 4 2T 5|2+ [T o 2T o] 2+ L2 Tol2— [T1T, 2 +B(plda+NINg) (#] by +e7e7)
—[TIT42= TSP, (10) +a(pydat NING) (6] + ]2 +|Ny[?)

+B(phpurere)([el2+[v]2+ Ny ?)
a 2 ~ o~ ~ i~ ~ ot~ ~ ~ ~ g~
Vp= 2D D +2D +y(& B+, + NINg) (B +NIw,+ NINy)

e
+y(e"N; +2'ET+Nle")(NJe  +E " v+e Ny,

where
(13
3 8 )\ a*
DY=g,>, >, Li*a( ) Ly (a=1,....8, where 6=(g3/6+ g§/18) n=(g5/6+292/9), y=(g3/2
Frabmt T2 g, —|h%?), B=(|h%*~g3/6—2g3/9), and a=(|h*|*~g3/6
+g2/9).
and
s 8 IV. MASS SPECTRUM
2912 2 L¥ X(L)L; 4 Masses for the particles are generated in this model from
i=la=1 ' the VEV of the scalar fields and from the soft terms in the
superpotential.
[a,b=1,2,...,8 ar&SU(3), tensor indicel Then we have For simplicity we assume that the VEVs are real, which

means that spontaneo@s violation through the scalar ex-
change is not considered in this work. Now, for convenience

Vp= 292 {(L L2+ (LIL,)2+(LIL5)2— (LIL(TIL,) in reading we rewrite the expansion of the scalar fields ac-
quiring VEVs as

—(LIL)(LILg) — (LIL)(LIL,))

RO, +iR0

- - - <N1> 1R 1I’ (14)
+[TIL,[2+ [T]T o2+ (T34 V2

1 e e ~y o~ N9 +iNJ,
+ 1Ol (LIL) 2+ (LIL)? Ne=(N3) + — 5
+4(L5a) 2+ 2(TIT (LI, — 4(CIT (LI, .

e ~0_ =0 Ng+iNJ,
— 4TI (T (11) N3—<N3>+—ﬁ :

(On deriving Ve and Vp, we have used the identities KO 41RO
Gijkellm: 5: 521_ 5;“5' y and)\ﬁ)\%: 25” 5“(_%5” 5K| ) N22<Ng>+ M’
Finally, the soft SUSY-breaking potential is given by J2
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~ o~ Rt m; == B{(w)*+(ND)?+(ND)?+(N$)?) —2m(NG)?
ve=(v)+ \/E , o o
_h,<N2><v)—(N‘f><N2>
2(N9) '

in an obvious notation taken from E¢f), whereN% (vg)
andN{} () i=1,2,3,4 refer, respectively, to the real sectorwhere «, 8,6 and 7 were defined above. The resuit_

and to the imaginary sector of the sleptons. In genéa), =0 comes from the first constraint and has important conse-
and(N%, i=1,2,3,4 can all be different from zero, but as quences as we will see in what follows.

we will see in the following analysis there are some con-

straints relating them. Alsér)<0.2 TeV, (N;)<0.2 TeV, A. Spectrum in the gauge boson sector

for i=2,4 in order to respect the SM phenomenology, and With the most general VEV structure presented in Eq.

(Nj>>1 TeV, forj=1,3 in order to respect the phenomenol- (14), the charged gauge bosong and Ki mix up and the

ogy of the 3-3-1 model in Ref$11,13. diagonalization of the corresponding squared-mass matrix
Our approach will be to look for consistency in the senseyields the massed 3]

that the mass spectrum must include a light spin-1/2 neutral

particle (the neutring with the other spin-1/2 neutral par- 2 93 ~ON2 L N2, 0N

ticles having masses larger than or equal to half of ZRe My = ?(<N4> () H(NYY,

mass, to be in agreement with experimental bounds. Also we (16)
need eight spin zero Goldstone bosons, four charged and four 5 gg ~ _ _

neutral ones, out of which one neutral must be related to the My, = §(<Ng>2+<N2)2+<Ng>2),

real sector of the sleptons and three neutrals to the imaginary
sector, in order to produce masses for the gauge bosons after . ' F RO R0
the breaking of the symmetry. related to the physical field®V, = 7n((N3)K,—(N3)W,)

As we will show in this section, a consistent set of VEVs and K, = ﬂ((Ng>K5L_+<Ng>Wﬂ) associated with the known
is provided by @e):v’ <Ng>:\/, (Ng>=vd, and <N2> charged curreri®v’, , and the~new onii’; predicted in the
=, with the hierarchy/>v ,~v4~v, and the constraint context of this model 4~ 2=(N9)2+(N$)? is a normaliza-
(N1)=—vuvq/V. This situation implies a symmetry breaking tion factop. Notice that with the hierarchyN3)>(N9)
pattern ~ of the form SU(3):®SU3) ®U(1)x  ~(N3)~(v), the mixing betweeW, andK, is well under
—SU(3).®U(1)q, instead of the chain in Eq2). So, we  control due to fact that the physicel’ “ is mainly theW~*
cannot claim that the MSSM is an effective theory of theof the weak basis, with a small component aldtg of the
model presented here; rather the model here is an alternativgyer of(N2)/(NO.

. : (N2)/(N3)
to the MSSM so well analyzed in the literatyre—6]. The expression for tha\'* mass combined with the

Playing with the VEV and the other parameters in the = =~ diti . imoli SN2, N2
superpotential, special attention must be paid to the severdiinimization conditions in Eq(15) implies (Nz)*+(v)

constraints coming from the minimization of the scalar po-+(¥)AN2)?/(N3)?)*?~174 GeV.
tential, which at the tree level are For the five electrically neutral gauge bosons we get first

that the imaginary part dﬁﬂ decouples from the other four
electrically neutral gauge bosons, acquiring a qu%o
|

(R)(w)=—(NGK(Ny), (15) o o
= (954 ()2 + (N2 +(NJ)2+(ND?) [13]. Now, in the
basis B#,A4, A4, K%, the obtained squared-mass matrix
) <o (NSY(ND) + ()(ND) has determinant equal to zero which implies that there is a
leLzzh (Nz) =0~ NN N zero eigenvalue associated to the photon field with eigenvec-
(N3){(¥) = (N2)N) tor A% as given in Eq(5).

The mass matrix for the neutral gauge boson sector can
now be written in the basisZ( 4,z ,K2*), where the fields
Z'fy andZ{ have been defined in Eq®). We can diagonal-
<N°)(N°) ize this mass matrix in order to obtain the physical fields, but

AR A the mathematical results are not very illuminating. Since
2(v) (N> (N~ (N~ (v)~174 GeV, we perform a perturba-
tion analysis for the particular cagBl9)=(N3)=(v)=v us-
2 _ i RION2_ N2 RIONZY o s RION2 L /NO\2 ing g=v/(N3) as the expansion parameter. In this way we
m N +(N 26((N5)“+(N 3
L2 ANZ" = al (1" (Ny)") ((N2)"+(N3)) obtain one eigenvalue of the form

m? =~ a((N§)2+(N3)?) — B(NG)2 - 25((v)?+(ND)?)

_ e ND(NG) y a1 .
2(NQ) MZ ~g3Cwv? 1+§q2(7+6TW—9TW) , @
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and another two of the ordeiN3)? [13]. So, we have a which produces a mass of the order(d3) for the exotic
neutral current associated to a mass sgatd 74 GeV which  quarkD, and for the ordinary quart a mass of the order of

may be identified with the known SM neutral current, and(<7,>+<’,§|g>), suppressed by differences of Yukawa cou-
two new electrically neutral currents associated to a masg|ings (it is zero forA=h? and\(?=hP).

scale(Ng)%v. _ _ Using the former results and the expression for e
Now, using the expressions fdfly,, andM; we obtain  mgass it follows thatN)~ (v)~(N9)~10? GeV.
for the p parameter at the tree-leviel6] It is worth noticing that the isospin doubletin, couples

) . 3 , . only to up type quarks, while the isospin doubletd in and
p=My,/(Mz Cy)=1~- §q2(1+ 2Ty —3Tw), (18 T, couple only to down type quarks.

so that the global fip=1.0012 55023[17] provides us with
the lower limit (N3)=8.7 TeV [where we are usings,
=0.23113[18] and neglecting loop corrections which de-  The neutralinos are linear combinations of neutral gaugi-
pend on the splitting of th&U(2), doublets. nos and neutral leptonghere are no HiggsingsFor this

This result justifies both the imposition of the hierarchy model and in the basis
(N> (N9~ (N~ (7} and the existence of the expansion (ve,N1,N»,N3,N;,B% Az, Ag K%, K), their mass matrix is
parametery<0.02. This in turn shows first that the small given by

component (N3)/ V(N3)2+(N3)?)K,, of the eigenstataV/,

C. Masses for neutralinos

will contaminate tree-level physical processes at most at the M MT
level of 2% (by the way, such a mixing can contribute to the Mnmsz( N gN) , (20)
Al=1/2 enhancement in nonleptonic weak processasd Mgn Mg
second that the estimated order of the masses of the new
charged and neutral gauge bosons in the model are not in
conflict neither with constraints on their mass scale calcu-
lated from a global fit of data relevant to electron-quark con-whereMy is the matrix
tact interactiond19], nor with the bounds obtained ipp
collisions at the Tevatrof20]. 5 5
0 0 0 (N (K9
B. Masses for the. quark sect'or 0 0 _ <~N2> 0 _ <N2>
Let us assume in the following analysis that we are work- he 0 ~0 0 0 ~0
ing with the third family. The first term in the superpotential M NT S —(Ng) —(ND) |,
produces for the up type quark a mass,=h"(NJ) (N9 o0 0 0 ()
=174 GeV, which implies(N$)~10* GeV and h'~1, N U N 0
while for the down type quarks the second to fifth terms (Ng) =(Nz) =N (»)
generate, in the basisl(D) [(dg,Dg) column and ¢, ,D,)
row], the mass matrix
(21)
_[(AOBRy ARG
do= ~ ~ ~ e |
Ny +hP(Ng)  NEU(ND)+hP(NS) Mg is given by
V2 - V2 2 V2 V2
_91?@) _91?<N8> _91?<Ng> _91?<Ng> 912?<N91>
G0 =R ()
— — — O —
92 2 92 2 2 92 2 4
MgN_ ’ (22)

1 - 2 ~0 1 ~0 2 <0 1 N
_92%@) 92%<N1> _92%<N2> 92%<N3> _92%“\]4)
—ga(N?) 0 —g2(N3) 0 0

0 —ga(7) 0 —g2(N3) 0
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and from the soft terms in the superpotential we réég  ~10 Tev, (N9)~150 GeV,(N9)=(7)~80 GeV, (N?) cal-

=Diag(M1,M2,M3,Az7), whereAyy; is a 2X2 matrix  cylated from the constraints coming from the minimum of

with entries zero in the main diagonal akt}, in the second-  the scalar potentidsee Eq(15)], andh®~0, we get a neu-

ary diagonal. trino mass of a few electron volts, while all the other neutral
Now, in order to have a consistent model, one of the eifields acquire masses above 45 GeV as desired. Also, the

genvalues of this mass matrix must be very sntedirre-  analysis is quite insensitive to the variation of the param-

sponding to the neutrirgo fieldwith the other eigeenvalues eters, with the peculiarity that an increaseNh, and M,
larger than half of th&z” mass. It is clear that fon® very implies an increase igNY).

small and simultaneously;, i=1,2 very large, we have a i o~
seesaw type mass matrix; bMt, i=1,2 very large is in- _ Ve are going to use from now on the notatior) =v,
convenient because it restores the hierarchy problem. (Ngy=vy, (ND)=vq, (N3)=V, with (N))=-vq/V as
A detailed analysis shows tha,.,s contains two Dirac constrained by the minimization conditions in Eg5).
neutrinos and six Majorana neutral fields, and that Nbr Another possibility withh®#0 but very small demands

<10 TeV, i=1,2 we have a mass spectrum consistent witfor (v)=(N})=0, and produces a lightest neutralino only in

the low energy phenomenology onlyhf~0. By imposing the KeV scale, which may be adequate for the second and

h®=0, a zero tree-level Majorana mass for the neutrino ighird family, but not for the first one. The advantage of this

obtained, with the hope that the radiative corrections shoulgarticular case is that it reduces to the study of the scalar

produce a small maséThe symmetryL,, <L, impliesh® potential presented in Ref13] for the nonsupersymmetric

=0.) case, with an analysis of the mass spectrum similar to the
To diagonalizeM ,;,s @nalytically is a hopeless task, so we one in that paper.

propose a controlled numerical analysis using fixed values

for some parameters as suggested by the low energy phe- D. Masses for the scalar sector

nomenology[for example g, (TeV)~0.38 andg, (TeV)
~0.65] and leaving free other parameters, but in a range of o the scalars we have three sectors, one charged and

values bounded by theoretical and experimental restrictiondWO neutralsone real and the other one imaginawhich do
With this in mind we use 0.1 Te¥M;<10 TeV, i=1,2(in  NOt Mix, S0 we can consider them separately.
order to avoid the hierarchy problerandh®~0 (in order to
have a consistent mass spectjum

The random numerical analysis with the constraints stated For the charged scalars in the bagﬁg (éz— ,El— ,Eg), we

above shows that foM;~0.35 TeV, M,~3.1 TeV, (N2> get the squared-mass matrix:

1. The charged scalars sector

2yvi—h'v Vi 29N +h'vg Y(wvg+(NIV) 2yvv,—h'V
2y(N)vy+h'vg 27(<N§’>+vz)+h'mg>z—d_w 2yvV—h'v 29(v(N®+04V)
u
Y(wvg+(NIV) 2yv V—h'v 202 2yv,vg+h’ (N9)
2yvvy—h'V 2y(v(ND)+vgV) 2yvqu,+h'(N) zy(vzﬂg)mr‘)“"{fﬁ
u

The analysis shows that only for =0 this matrix has two , Moy Moys
eigenvalues equal to zero which correspond to the four Gold- M{eai= MmT M ) (23
stone bosons needed to produce masse#/foandK . So, 2x3 3x3
h’=0 is mandatory ' =0 is a consequence of the symme- where the submatrices are
try Ly <L, ). For the other two eigenvalues one is in the,v|2 )
TeV scale and the other one at the electroweak mass scale. -
5 , h'vVv ~0
yvgt4adv-— > yvgV+468v(N7)
2. The neutral real sector = , ,
%0 2 Sz NouV
) i yogV+46u(N7y) YV +45(N7j)*—
For the neutral real sector and in the basis 2v
(vs,N1r,Nor,N3r,N4r) we get the following mass matrix: (24)
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vgu(46—7y) 2avV+yw(ND+h'v /2 2Bvv,+h'Vi2
Moxs= ~0 ~0 ; (25)
2a(Nj)vg+yoV—h'v /2 (y—4d6)vvg 2B(Nj)v,—h'vy/2
2 , h'vuy =0 1 /10
ye+48vg— >V yu(N7)+46v4V 2Bvwg—h'(Nj)/2
N RO 40v2— 0% gy vhr2
Maua=| yo(ND)+4dvaV  y(ND)?+46Vi- —C BuyV+h'v . (26)
-~ NDvg—oV
ZIBUUUd—h'<N8>/2 2Bv V+h'v/2 4770ﬁ+ h/%&
Vu

Using the constraints in EqéL5), this mass matrix has one eigenvalue equal to zero which identifies one real Goldstone boson
needed to produce a mass #P*. Now, usingh®~0, h’=0 and with the other values as given before, we get for the
remaining four eigenvalues that two of them are in the TeV scale, another one is at the electroweak mass scale, while for the
lightestC P-even scalah we get a tree-level mass smaller than the one obtained in the MSSM. This result, which is strongly
dependent on the value bf, is not realistic due to the fact that the radiative corrections have not been taken into account, but
such analysis is not in the scope of the present work.

3. The neutral imaginary sector

For the neutral imaginary sector and in the basisl;, ,N, ,N3 ,N4 ) we get the following mass matrix:

M2 = Moxz  Maxs -
Imag M,'2|'><3 Méxa ]
where the submatrices are
h'v,V
, Y- 20 yvgV
My o= hov | (28)
yogV AV C—
2v
~ ~ v Vv
YNV =y Nog—h' —h'5
My 3= . E 29
U =~ ,
—ywV+h'm = y(RV h'=
2 h,UUu N0 1 /N0
YT oy yu(Nz) h’(Nj)/2
~ ~ h'vv )
M3y 3= ')’U<N2>+ ’}’<N2>2_ oV, - h'v/2 _ (30)
~on
h'(N9)/2 —hpz p\NDvaToV

2v,

Using the constraints in Egq$l5), this mass matrix has h’#0, plus an extr&C P-odd scalar of zero mass at the tree
three eigenvalues equal to zero which identify three realevel.
Goldstone bosongwo of themC P-odd), needed to produce
masses foz4, Z'4 and K.

In the limith’ =0, this mass matrix has one eigenvalue in
the TeV scale and four eigenvalues equal to zero that corre- The charginos in the model are linear combinations of the
spond to the three Goldstone bosons identified for the caseharged leptons and charged gauginos. In the gauge eigen-

E. Masses for charginos
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state basis 4" =(e; ,E; W' K" e ,E; W ,K7) the particles larger than half th2® mass. There is no problem
Chargino mass terms in the Lagrangian are of the forn‘YVith this constraint, because due to the existence of heavy

(") "My, where leptons in the modeh® is not the only parameter controlling
the charged lepton masses.
0 McT: We have also analyzed the mass value at the tree level for
M= Mc 0/ h, the lightestC P-even Higgs scalar in this model, which is
smaller than the lower bound of the light&sP-even Higgs
and scalar in the MSSM, although strongly dependent on the ra-
diative corrections. This fact is not in conflict with experi-
hgq —h% 0 -0, mental results due to the point that the couplmgz and
—hev he<Nfl)> — g, 0 hAyZ are suppressed because Sf the rpixing of $hé(2),
Mc=| B M o |- (3D  doublet sleptons with the singled] andN3.
92v 92vd 2 The recent experimental results announced by the Muon
—gx(N})  —gyV 0 M, (g—2) Collaboration[22] show a small discrepancy be-

o . o tween the SM prediction and the measured value of the
In the limit h°=0 andM, very large, this mass matrix is @ muon anomalous spin precession frequency, which only un-
seesaw type matrix. The numerical evaluation using the pajer special circumstances may be identified with the muon’s

rameters as stated before produces a tree-level mass for theynomalous magnetic momeay, [23], a quantity related to
lepton of the order of 1 GeV, with all the other masses aboveqgp corrections.

90 GeV. Immediately following the experimental results a number
of papers appeared analyzing the reported value, in terms of
V. GENERAL REMARKS AND CONCLUSIONS various forms of new physics, starting with the simplest ex-
tension of the SM to two Higgs doublef&1], or by using
X . ' 6’supersymmetric extensions, technicolor models, leptoquarks,
3'.3'1 model in Ref[11] which, like the MSSM, has WO axotic fermions, extra gauge bosons, extra dimensions, etc.,
Higgs doublets at the electroweak energy scée isospin i, some cases extending the analysis even at two Ifops.
doublets inL;; andLgz ). Since the MSSM is not an effec- complete bibliography see the various reference$2i).
tive theory of the model constructed, exploring the Higgsmore challenging, although not in complete agreement be-
sector at the electroweak energy scale it is important to reakween the different authors, are the analyses presented in
ize that the MSSM is not the only possibility for two low Refs.[25] and[26] where it is shown how the MSSM pa-
energy Higgs doublets. rameter space gets constrained by the experimental results.
For the model presented here the slepton multiplets play Our model, even though different from the MSSM, shares
the role of the Higgs scalars and no Higgsinos are requiredyith it the property that very heavy superpartners decouple
which implies a reduction of the number of free parametersrom thea,, value yielding a negligible contribution. Never-
compared to other models in the literatfef]. theless, the model in this paper includes many interesting
The absence of bilinear terms in the bare superpotentigdew features that may be used for explaining the measured
avoids the presence of possible unwantederms; in this  value of the muon’s anomalous precession frequency, as for
way the so-calledu problem is absent in the construction example a lightCP-odd and a lightC P-even scalars which
developed in this paper. get very small masses at the tree level, but that the loop
The sneutrino, selectron and other six sleptons do not agadiative corrections may raise these masses up to values
quire masses in the context of the model, and they play theanging from a few GeV to the electroweak mass scale. But
role of the Goldstone bosons needed to produce masses fgh analysis similar to the one presented in RE2§] and
the gauge fields. The right number of Goldstone bosons if6] is outside the scope of the present study, because in our
obtained by demanding’=m__ | =0 in V. case it depends crucially on the predicted values of the Higgs
h’=0 in Vo has as a consequence the existence of &calar masses, an obscure matter in supersymnigty.ex-
zero mas<C P-odd Higgs scalar at tree level. Once radiativeample,aiXp can be understood in the context of our model if
corrections are taken into account we expect it acquires the CP-odd scalar has a mass of the order of a few G2,
mass of a few(severalP GeV, which in any case is not with all the other scalars and supersymmetric particles ac-
troublesome because, as discussed in REE], a light quiring masses larger than the electroweak mass scale. Simi-
CP-odd Higgs scalar not only is very difficult to detect ex- larly, the light CP-even Higgs bosorh with enough sup-
perimentally, but also it has been found that in the two Higggpressed hZZ and hAyZ couplings can contribute
doublet model type Il and, when a two-loop calculation issignificantly toa,, [24].)

We have built the complete supersymmetric version of th

used, a very light{10 GeV) CP-odd scala”, can still be The idea of using sleptons as Goldstone bosons is not new
compatible with precision data such as theparameter, in the literature[27], but as far as we know there are just a
BR(b—sy), Ry, Ay, andBR(Y —Aqy) [21]. few papers where this idea is developed in the context of

h®=0 or very small is a necessary condition in order tospecific models, all of them related to one family structure
have a consistent model, in the sense that it must include [28].
very light neutrino, with masses for the other spin-1/2 neutral The model can be extended to three families, but the price
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is high since nineSU(3), triplets of leptons with their cor-

PHYSICAL REVIEW D 67, 075002 (2003

ACKNOWLEDGMENTS

responding sleptons are needed, which implies the presence

of nine SU(2), doublets of Higgs scalars. An alternative is

This work was partially supported by Colciencias in Co-

to work with the three family structures presented in Refslombia and by CODI in the U. de Antioquia. L.A.S. ac-

[8,9].

knowledges partial financial support from U. de Antioquia.

In conclusion, the present model has a rich phenomenoM/e thank E. Nardi and M. Losada for a critical reading of the

ogy and it deserves to be studied in more detail.

original manuscript.

[1] For an excellent compendium of the SM, see J. F. Donoghud,13] W. A. Ponce, Y. Giraldo, and L. A. ®&hez, this issue, Phys.

E. Golowich, and B. HolsteinDynamics of the Standard

Rev. D67, 075001(2003.

Model (Cambridge University Press, Cambridge, England,[14] T. V. Duong and E. Ma, Phys. Lett. B16, 307 (1993; H. N.

1992.

[2] LEPEWWG, hep-ex/0112021,
lepewwg.web.cern.ch/LEPEWWG/

[3] For discussions and reviews, see R. N. Mohapatrafication
and Supersymmeti@pringer, New York, 1986 P. Langacker,
Phys. Rep72, 185(1981); H. E. Haber and G. L. Kanebid.
117, 75 (1985; M. B. Green, J. H. Schwarz, and E. Witten,
Superstring Theory, Vald & 2 (Cambridge University Press,
Cambridge, England, 1987

[4] Haber and Kan¢3].

[5] H. E. Haber and R. Hempfling, Phys. Rev. Le®6, 1815
(1992); J. Ellis, G. Ridolfi, and F. Zwirner, Phys. Lett. 557,
83 (199)); R. Barbieri, M. Frigeni, and F. Caravaglioid.
258 167 (199).

[6] See, for example, S. P. Martin, Perspectives on Supersym-
metry, edited by G. L. Kane(World Scientific, Singapore,
1997, pp. 1-98, hep-ph/9709356.

[7] G. Segreand J. Weyers, Phys. Le®5B, 243 (1976; B. W.
Lee and S. Weinberg, Phys. Rev. Le®8, 1237 (1977); P.
Langacker and G. Segribid. 39, 259(1977; M. Singer, Phys.
Rev. D19, 296 (1979; K. T. Mahanthappa and P. K. Mohap-
atra,ibid. 42, 1732(1990; 42, 2400(1990; 43, 3093(199).

[8] F. Pisano and V. Pleitez, Phys. Rev.4B, 410 (1992; P. H.
Frampton, Phys. Rev. Let69, 2889(1992; J. C. Montero, F.
Pisano, and V. Pleitez, Phys. Rev.43, 2918(1993; V. Ple-
itez and M. D. Tonasseibid. 48, 2353 (1993; 48, 5274
(1993; D. Ng, ibid. 49, 4805(1994; L. Epele, H. Fanchiotti,
C. Garca Canal, and D. Gunez Dumm, Phys. Lett. B43 291
(1995; M. Ozer, Phys. Rev. 34, 4561(1996.

[9] M. Singer, J. W. F. Valle, and J. Schechter, Phys. Re22D
738(1980; R. Foot, H. N. Long, and T. A. Tranbid. 50, R34
(1994); H. N. Long, ibid. 53, 437(1996); 54, 4691(1996); V.
Pleitez,ibid. 53, 514 (1996.

[10] W. A. Ponce, J. B. Flez, and L. A. Sachez, Int. J. Mod.
Phys. A17, 643 (2002; W. A. Ponce, Y. Giraldo, and L. A.
Sanchez, inEighth Mexican Workshop on Particles and Figlds
Zacatecas, Mexico, 2001, edited by J. L. Diaz-Gaual., AIP
Conf. Proc. No. 623AIP, Melville, NY, 2002.

[11] L. A. Sanchez, W. A. Ponce, and R. Maraz, Phys. Rev. B4,
075013(2001).

[12] F. Gusey, P. Ramond, and P. Sikivie, Phys. L&0B, 177
(1979; F. Gusey and M. Serdaroglu, Lett. Nuovo Cimento
Soc. ltal. Fis.21, 28 (1978.

home  page:

http://

Long and P. B. Pal, Mod. Phys. Lett. 8, 2355(1998; J. C.
Montero, V. Pleitez, and M. C. Rodriguez, Phys. Rev6R
035006 (2002; 65, 095008 (2002; M. Capdequi-Peyreme
and M. C. Rodriguezibid. 65, 035001(2002.

[15] H. E. Haber and Y. Nir, Phys. Lett. B06 327 (1993; F.
Larios, G. Tavares-Velasco, and C.-P. Yuan, Phys. Re§4D
055004(200D; T. Farris, J. F. Gunion, and H. E. Logan, con-
tribution to the Snowmass 2001 Workshop on “The Future of
Particle Physics,” Snowmass, Colorado, 2001,
hep-ph/0202087.

[16] J. F. Gunion, H. E. Haber, G. L. Kane, and S. Dawsbhe
Higgs Hunter’s Guide(Addison-Wesley, Redwood City, CA,
1990.

[17] This result is taken from the 2001 update of the contribution
“Electroweak Model and Constraints on New Physics,” by J.
Erler and P. Langacker, in Refl8] (available at http:/
pdg.lbl.govj.

[18] Particle Data Group, K. Hagiwarat al, Phys. Rev. D66,
010001(2002.

[19] V. Barger, K. Cheung, K. Hagiwara, and D. Zeppenfeld, Phys.
Rev. D57, 391(1998.

[20] F. Abeet al, Phys. Rev. Lett79, 2192(1997).

[21] F. Larios, G. Tavares-Velasco, and C.-P. Yuan, Phys. Rev. D
66, 075006(2002; K. Cheung, C.-H. Chou, and O. C. W.
Kong, ibid. 64, 111301R) (200); M. Krawczyk,
hep-ph/0103223updated version

[22] Muon g—2 Collaboration, G. W. Bennett al, Phys. Rev.
Lett. 89, 101804(2002; 89, 129903E) (2002.

[23] J. L. Feng, K. T. Matchev, and Y. Shadmi, “The Measurement
of the Muon’s Anomalous Magnetic Moment Isn’'t,” CERN
Report TH/2002-187, hep-ph/0208106.

[24] A. Dedes and H. E. Haber, J. High Energy Ph@s, 006
(2002); see also “A Light Higgs Boson Explanation for tige
—2 Crisis,” talk given at the XXXVIth Rencontres de Mori-
ond, Les Arcs 1800, 2001, hep-ph/0105014.

[25] S. P. Martin and J. D. Wells, Phys. Rev.a4, 035003(2001);
“Super-conservative interpretation of the mugn-2 results
applied to  supersymmetry,” Fermilab-Pub-02/231-T,
hep-ph/0209309.

[26] L. Everet, G. L. Kane, S. Rigolin, and L.-T. Wang, Phys. Rev.
Lett. 86, 3484(2001; M. Byrne, C. Kolda, and J. E. Lennon,
“Updated Implications of the Muon Anomalous Magnetic Mo-
ment for Supersymmetry,” hep-ph/0208067.

[27] A. K. Grant and Z. Kakushadze, Phys. Lett4B5, 108(1999;

Z. Kakushadzeibid. 466, 251 (1999.
[28] J. L. Hewett and T. G. Rizzo, Phys. Ref83 193 (1989.

075002-10



