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Leptonic Savor violations in the presence of an extra Z
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Gauged extensions [SU(2)L SU(1}&SU(1)x]of the standard SU(2)I SU(1}r model obtained without

extending the fermion content of the model are studied. Models that are possible when U(1)& is

identified with some combination of the family lepton numbers are systematically classified. Most of
these contain flavor violations in the leptonic sector. These flavor violations are correlated to the mixing
of the U(1)x gauge boson Z' with the ordinary Z in the models considered here. Detailed phenomeno-

logical implications of a typical model are discussed. Constraints on the Z' mass and the Z-Z' mixing
following from {i) the observations at CERN LEP, {ii) rare processes such as Z~e~, and (iii) flavor-

violating v decays are presented. It is found that the constraints coming from the LEP allow rare pro-
cesses such as ~—+eee at the level of the present limits on its branching ratio. Thus the future search
could either improve on the existing LEP limits or would find such flavor-violating decays.

PACS number(s): 12.60.Fr, 12.60.Cn, 14.70.Hp

I. INTRODUCTION

Lepton numbers L; for each family i =e,p, v, are glo-
bally conserved in the standard SU(2)t U(1)„model.
Within the minimal SU(2)L U(1)„ theory, these sym-
metries have to be global since attempts to gauge them
would introduce anomalies and would spoil the renormal-
izability of the theory. Nevertheless, it is possible to
gauge some linear combinations of L;. Specifically, it was
shown in Ref. [1] that only three linear combinations of
L;, namely, X=L, —L„,L, —L„and L„—L, are gaug-
able and only one can be gauged along with
SU(2)L U(1)„at a time. Thus the maximal permissible
gauge group with the minimal content of fermions and
Higgs field is SU(2)LU(1)„U(1)x. One could easily
enlarge the gauge symmetry by adding more fermions as
happens for example ia the left-right symmetric or E6
models [2]. But it is possible to enlarge the available
choices of U(1)x by adding more Higgs doublets trans-
forming nontrivially under it. The point is that the re-
quirement of anomaly cancellations allow for more than
the above-mentioned three possibilities for X. In the ab-
sence of Higgs doublets which are nontrivial under

U(1)x, these additional choices of U(1)x are physically in-

distinguishable from the above three choices. Otherwise,
they are inequivalent and could lead to diferent predic-
tions. U(1)x groups of this type fall in the category of
horizontal symmetries characterized by enlargement of
the gauge and Higgs sector. Many examples of such
gauge symmetries have been proposed [3] and studied.
Crucial tests of such symmetries are flavor violations as-
sociated with these symmetries. Most studies of these
flavor violations were done before the results of the e+e
collider became available. These results can provide ad-
ditional constraints on such theory. We wish to study
here the simplest of such horizontal symmetries. We
shall study various choices of U(1)x under the assump-
tion that (a) the fermion sector of the standard model is

not extended, (b} X is some linear combination of lepton
family numbers, (c) the Higgs sector of the standard mod-
el (SM) is enlarged by adding one or more Higgs doublets
transforming nontrivially under the gauge group.

It is possible to classify systematically all the allowed
choices of U(1)x in the presence of an enlarged Higgs sec-
tor. We do such a classification. DiFerent U(1)x groups
studied here diFer from groups of Ref. [1]in three impor-
tant ways. The U(1)x current in the present case is non-
vectorial. Second, the U(1)x current due to its horizontal
nature leads to Savor violations in the leptonic sector.
Third, the neutral gauge boson Z' associated with U(1)x,
necessarily mixes with Z in these models. The last two
properties put significant constraints on parameters of
the model. We systematically work them out. It follows
from the analysis presented here that the observable
flavor violations, e.g., in ~~eee decay are possible within
the models in spite of the severe constraints imposed by
the observations at the CERN e+e co11ider LEP.

We shall discuss in the next section all possible choices
of SU(2)LU(1)„U(1)x and general structure of the
current coupled to Z and Z'. Then we discuss a specific
model in Sec. III. Section IV contains a discussion on
constraints on parameters taking the model of Sec. III as
an illustration. A summary is contained in Sec. V.

II. POSSIBLE EXTENSIONS

We shall confine ourselves to the minimal fermionic
content as in the standard model but would consider a
general gauge group SU(2)L U(1)i @U(1)x, where X is
taken to be a linear combination of three lepton numbers.
In general Xneed not act vectorially on the weak interac-
tion basis e,.

' (i =1,2, 3) although the X assignments of
members of a given SU(2}L doublet have to be identical.
For notational convenience let us write X charges in
terms of diagonal matrices in the generation space:

XL, it =diag(a„a„a, )L ~ .
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XL determine the U(1)» assignment of the leptonic dou-
blet, while XR that of the charged right-handed leptons.
The possible choices of a;L and a,.R are restricted due to
anomaly cancellation which require

g a,l. =g a,~ =0,

+iL iR

Hermitian except when it is diagonal with only one Higgs
doublet carrying zero charge under U(1)». In this case,
the weak basis eL R coincides with the mass basis eL „,
and Z' couples to a vector current corresponding to X.
When one introduces one or more additional doublets
transforming nontrivially under U(1)» then MI is neces-
sarily non-Hermitian and can be diagonalized by a biuni-
tary transformation:

a,'i =g a,'

These constraints can be satisfied by taking any two of
u;L and a;R to be +1 and the third to be zero. This can
be done in a variety of ways, but a particularly simple
choice results when one takes XL =X„. In this case the
allowed X is restricted [lj either to L, L„,L—, L„, or—

L, L„. T—he current coupled to U(1)» boson Z' is vec-
torial when expressed in the weak basis in this case.
Since the initial choice of basis is arbitrary one could al-
ways redefine the right-handed fields e;R to obtain the
choice XL =XR. But the structure of physical current
coupled to mass eigenstates of fermions depends upon the
choice of Higgs fields. In the event of only one Higgs
doublet neutral under U(1)», the charged leptonic mass
matrix is diagonal and the physical current coupled to Z'
is vectorial. When one introduces more Higgs fields
transforming nontrivially under U(1)», the U(1)» no
longer remains vectorial. The possible choices of
X=XL =XR are severely limited due to the anomaly con-
straints, Eq. (1). In particular only three choices are pos-
sible which, respectively, correspond to

L„L„X=di—ag(0, 1, —1),
L, L„X=dia—g(1,0—1),
L, L„, X =dia—g(l, —1,0) .

(2)

0 —1 —2
Q= 1 0 —1

2 1 0
(4)

The structure of the current associated with the new Z'
can be written as

I

[ er Xfpeg +eg X7'pe» j Zcos8

where eL'R are column vectors in generation space and 0
is the weak mixing angle introduced here purely for nota-
tional convenience. The coupling of the physical (i.e.,
mass eigenstate) fermions to Z' depends upon the struc-
ture of the mass matrix Ml for the charged leptons. This
is dictated by the charge matrix Q whose (i,j)th element
correspond to the X charge of bilinear e,"Le'„. For exam-
ple, we have, in the case of L, —L,

I

+z'= (ii'L, p L, ?'pejz, +~zi)e z 1'pejz )Z "
cosO

where

(7)

~, =—U, XU „a=L,R .

Equation (7) represents the general form of the Z' in-
teractions in all the SU(2)L U(1) i,U(1)» models under
study. Different models are specified by the choice of X
and the Higgs fields which determine Mi and hence UL ii.
The following two important properties are enforced by
the structure of X.

(i) The current coupled to Z' is nonvectorial except in
a specified case UL=UR =I. This follows since MI is
necessarily non-Hermitian when it is not diagonal as al-
ready discussed. Hence UL A Uit. Moreover, for
UL AU+, ULXUI and U„XVI' cannot be identical' lead-
ing to a nonvector current.

(ii) The current coupled to Z' would violate leptonic
flavor; i.e., a„, are nonzero for i', if Mi is not diagonal.
In this case, UI and/or Uz are difFerent from unity. To
see this, consider X=L, L,. Be—cause—of the form of X
given in Eq. (2), it is easy to see that ULXUL (U„XUit )

will have nonzero off' diagonal couplings unless mixing
between eL (e» ) and ~L(~z ) is forbidden. Since such cou-
plings would invariably occur in models with extended
Higgs structure, one expects the Aavor changing Z' cou-
plings in these cases. This occurrence of the flavor
changing current is a well-known phenomena [4] which
arises when fermions of the same charge and helicity
transform differently under a gauge group, U(1)» in the
present case.

Since the structure of the Z' current is Gxed by X and
MI, it is easy to classify all models that are possible
within the present scheme. One has basically three types
of models.

(i) Models with only one Higgs doublet neutral under
U(1)». In these, Eq. (4) requires MI to be diagonal.
Hence, one has vector currents and no Aavor violation.

UL MI Ux =diag(m„m„, m, ),
I

UL, R eL, R

Lz then assumes the following form in terms of the mass
eigenstates:

The possible structures of mass matrices follow from that
of Q. In particular, a Higgs field with charge —

Q;,.

would contribute to the (i,j)th element of the mass ma-
trix MI. Note that the two di8'erent fields contribute to
the (MI);,. and (Mi),-;. Hence M, is necessarily non-

To prove this explicitly, ere a&rite Uz = UL V, V being a uni-

tary matrix different from I. Then ULXUL = U&XU& only if
VX =XV. This is not possible because of the restricted struc-
ture of X.
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There are three models in this category studied in Ref.
[11.

(ii} Models with two Higgs doublets carrying U(1)x
charge 0, and kl or +2. In this case only one nondiago-
nal entry is possible in Mi [see Eq. (10)]. In these types of
models, one of the leptons remains unmixed while the
other two mix with some mixing angles 81 z.

(iii) The third category of the models follows when one
introduces two or more additional Higgs fields carrying
U(1}z charge kl or k2. These represent the general
class of models with mixing among all three generations.

We shall study in the next section detailed phenome-
nology of a model in category (ii).

III. SU(2)l, U(1)„SU(1)l, I, MODEL

We consider SU(2)L U(1) „SU(1)x model containing
standard fermions, two Higgs doublets pl 2, and an
SU(2)LSU(1)„singlet I). X is chosen to be L, L, —
charge from Eq. (2). X charges of p, and iI}2 are chosen to
be 0 and +2, respectively. The field g is assumed to car-
ry some nonzero charge under U(1)x, and it is solely in-
troduced to provide a different mass scale characteristic
of the U(1)x breaking.

The quark sector of the model remains the same as in
the SM while lepton couplings to the neutral Higgs fields
are given by

Xr=h;;—e,'I clip, +h»eII e3II g
m,.

g Q p O
e;L, e;II &I+, , ell, e&R$2+H c.

This leads to the following mass matrix Mi..

mi 0 5

25m,
sln28g 2, sin28L,

m,
(12)

The parameters K„"(a=L,R) determining the couplings
of Z' to leptons through Eq. (8) are explicitly given in the
present case by

K~11= cos28~ = K~22,

K„I= —sin28, ,

sc,2;=0, i =1,2, 3 .
(13)

Since one of the doublets carry nonzero U(1)x charge, the
Z' will mix with the conventional Z boson to produce
two mass eigenstates Z, 2.

Z = cosPZ, + sinPZ2,

Z'= —sinPZI+ cosPZ2 .
(14)

The couplings of the neutral gauge boson Z, 2 to the lep-
tons are now given by

z =
8 g FL, ;jeil. }'„ejL,Z" +L~R, (15)

COS
m 1 2

where

1
Fl „I= cosp ——+ sin 8 5; —sing Kz,j,
Faiij co 0»n 85i& sink KRij

~ 2 g

As we will soon see, the 8L „are constrained to be quite
small. It is therefore appropriate to work in the approxi-
mation 5 & III „m&. In this limit,

MI= 0 m2 0

0 0 m3

Let UL z diagonalize MI, i.e.,

UL M& UII =diag( m„m „,m, ) .

where

cos8L „0 sin8

0 1 0
—sin8I & 0 cos8L z

The mixing angles 8L z are given by

sin28L =— 25m 3
sin28+ =—

m —m

25m )

m, —m,2

m„=m 2

m =—'[m +m +5 +[(m —m ) +25 (III +m )

+54]1/2]

m =—'[m +m +5 —[(m —m ) +25 (m, +m )

+54]1/2]

(10) 1
FL 2;

= sinit'1 ——+ sin 8 5; + cosiN)~KI,",

Fa2;j = Sing Sill 85;1+ Cosf Ka,j. —~ 2 g'

As would be expected, Eqs. (10) and (13) show that the
muon number is exactly conserved in the model. This is
a consequence of the fact that both the Z' interactions as
well as the mass matrix, Eq. (10},respect this symmetry.
When 5 «m„ the flavor violations and departure from
vectorial symmetry are very small. Moreover, these
departures are more suppressed in the right-handed sec-
tor compared to the left-handed sector.

The generalization to other models in this category is
obvious. One could construct another model with addi-
tional Higgs doublets carrying L, —L charge —2 instead
of +2. In this case (Ml)2, will be nonzero instead of
(Mi), 3 as in Eq. (10). All the couplings of this model are
then obtained by interchange of 8L ~8II in Eq. (13). In
addition to these two models with L, —L, symmetry, one
could construct a pair of models each with symmetry
L, —L„and L„—L,. These are, respectively, character-
ized by an unbroken L, and L, .

In addition to the flavor violations induced by Z', there
exist other flavor violations associated with the Higgs
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fields. These arise in a well-known [5] manner whenever
the fermions with the same charge obtain their masses
from two difFerent Higgs fields as in Eq. (9). Using Eqs.
(9)—(11) it follows that

+ r(FcNc)
yO

where

M =
—,'g [(p) +(p ) ], M ~ =g' [(p ) +(ri) ],

X [ cos8L cos8z e~rz

—sin8L, »n81irLeR ]+H.c.

It follows from Eq. (12) that these fiavor violations are of
0(5/(Pi z) ), and hence would be suppressed compared
to Z' induced flavor violations unless the associated
Higgs field is much lighter than Z'. We shall therefore
concentrate on the Z' induced flavor violations in the
next section.

We close this section with a brief mention of the Z-Z'
mixing in these models and quote well-known formulas

[5] to be used later on. The neutral gauge boson mass
matrix M 0 in the Z-Z' basis is given by

Mz 5M
M

In the absence of additional Higgs bosons, the Z' in-
duced flavor violation disappears. Moreover, the Z' does
not mix with the ordinary Z. In this case Z' makes its
effect felt by contributing to known processes like
e+e ~JM+JM scattering. The detailed restrictions on
the relevant parameters by LEP results have been worked
out in Ref. [1] for this case. These restrictions continue
to hold in the present case. But additionally one gets
more stringent restrictions due to flavor violations and
Z-Z' mixing. We shall concentrate on these in the fol-
lowing.

The phenomenology of models with extra Z boson is
extensively discussed in the literature [5,6]. The present
class of models have characteristic differences arising due
to the fact that Z' couples only to leptons. In other mod-
els, an important restriction on the Z' mass arises from
the direct experimental observations at the hadronic col-
liders. These restrictions though model dependent
strongly constrain the Z' mass. For example in the left-
right symmetric model [7], the search in pp collisions im-

ply [8] Mz )310 GeV. Similar restrictions are not ap-
LR

plicable here since Z' couples only to leptons. Its pro-
duction at the hadronic colliders arise only through mix-

ing with the ordinary Z and is therefore highly
suppressed. The Z' mass as well as its mixing with Z is
constrained in the present case by (a) the observations at
LEP and (b) the observed limits on the leptonic fiavor
violations. We discuss them in turn.

=4(g '/g ) sin P, where sin P=
Mz 0i'+ 0z'

(16)

The mixing angle P appearing in Eq. (14) is then given by

Mz —M

2 z

In addition, one has

Mw
M, cos P+M2 sin P=

cos 8

and

5M
sing cosP =

M —M,

(17}

(18)

8(Ma ) being the Weinberg angle (W mass) at the tree
level.

IV. PHENOMENOLOGY OF SU(2~I, U(1) YU~ 1~L —L

We shall now explore the phenomenological conse-
quences of the SU(2)L XU(1)r XU(1}» models. The ex-

tra Z boson associated with U(1)» change the phenome-

nology of the SM in two ways. The extra Z' contribute
to the known processes induced by the Z boson. In addi-
tion, in the present case, Z' induce new flavor-violating
processes. The detailed phenomenology will depend
upon the model. We shall take the model presented in

the last section as an illustrative example and work out
consequences within that model.

A. Constraints from the LKP data

1+ tan QM2/Mi

1+ tan P
(19)

One could eliminate cos 0 in favor of GF, a, and M, to
obtain

&z
1'"

1

PM~~ 2 ~ PM~~
(20}

We closely follow the analysis of Ref. [5] in deriving
constraints on the relevant parameters from observations
at LEP. These constraints have been derived in two
different ways. The observations of the ratio MiF/M,
and the Z mass M„at the Collider Detector at Fermilab
(CDF) and LEP, respectively, constrain the p parameter
and lead to restrictions on M2 and tang. Another
method is to use the fact that the extra Z induce changes
in the observables such as width to fermions, peak cross
section in e+e co11isions etc. One could then make a
detailed fit to the LEP data and derive constraints on Mz
and P.

The mixing between Z and Z' change the tree-level re-
lation between the W and the Z mass. Specifically,

Mw =cos 8,
PM'~

0 being the tree-level weak mixing angle. The parameter

p~ can be read ofF from the mixing matrix between Z and
Z' [see Eq. (18)]:
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where
' 1/2 gVi ( Lii ++Rii )& gAi ( Iii ijjj ) ~

=(37.280 GeV) .

Mw 1 1 p2—+
pMi 2 4 pMi(1 —ha)

(21)

where the p parameter is now

These restrictions are valid at the tree level. Since the ex-
tra Z induced effects are comparable to the radiative
corrections in the standard model, one must incorporate
the latter. This has been done in Ref. [5], assuming that
the radiative corrections induced by Z2 are negligible.
The radiative corrections of SM are included using the
improved Born approximation which changes Eq. (20) to

' 1/2

py=, sin OI=-P . 2„1 1 P
p~

'
2 4 pIMi(l —6 )

1/2

N, =3[1+(a,/m)] for quarks and 1 for leptons. The fer-
mionic widths I; of Z1 have been extracted from the
LEP data in a model-independent way. We use the
values derived in Ref. [9] to constrain Aper and p.
Specifically,

I,=82.6+0.7 MeV,
I „=83.6+1.1 MeV,

I,=83.1+1.2 MeV,

I &
=1.741+0.015 MeV .

with

1 b,pT— We use these values and determine the best values for
bpM and P appearing in Eq. (23) through a least squares
fit. This gives (for m, = 150 GeV), at lo,

Epsom
= —0.0018+0.004, /=0. 0094+0.012 . (24)

and

a Mi(GeV)
La =0.0602+ —ln +0.0009 .

The value of b,pM as determined by Eq. (24) is less
stringent than following from Eq. (22) derived on the
basis of the CDF result on M33 /M, . We shall therefore
use the values given by Eq. (22) for b.p~ in the next sec-
tion to constrain the parameters of the model.

The CDF result on M33, /M, =0.779 together with the
LEP result on the Z mass M, can be used to obtain
p= 1.005+0.003 in Eq. (21). This implies, at ljr,

m, (GeV)
b,ps' =pM —1 ~ 0.008 —0.003 (22)

In addition to this restriction, hpM can also be con-
strained [5,6] by the other observables at LEP.
Specifically, the presence of Z' would change the three
leptonic widths I,„,as well as the hadronic width I z of
the Z, . These changes can be parametrized [5] in terms
of AM and mixing angle P:

B. Constraints from the rare processes

As already discussed, the model of the last section con-
tains fiavor violations involving r and e. The muon num-
ber is exactly conserved in the model. As a consequence
one expects the following rare processes to occur in the
model: Zi 2~ex; ~~eee; r~eI3p, The branc. hing ratios
for these processes can be easily worked out and are
given by

=16M [(g' ) +( '
)

e

dI'; = A;hpM+B;jtj .

In our case,

A, =4N pI (T3Ij sin j9fQ') +T31f

(23)
4Mi [(g~I ) +(gg~ )2+(ggij ) +(gg

T

GFM',1(Z~re)= — [(FI", ) +(Eg)) ],
3 2'

where
4sin 8& cos 8&+ Q;(T3L»n j9IQ )

cos20I

B;=8N,pI[(T31.; —»n'~IQ;)gv; T31. gA ]-
where

Note that unlike the fermionic width, the determination of
MI from the data is fairly insensitive to the presence of Z .

p7e pmm p7e pmm p7e pmm p7e pmmL1 L1 L2 L2 m L1 R1 L2 R2
gLL M2 M2 & gLR

1 2 1 2

m =e,p. gRR and gRL are obtained by L~R interchange
in the above equation. The difference in the rates for the
~~eee and ~~epp arise due to both the s and t channel
Z, 2 exchanges contributing to the former. In addition to
constraints from the LEP discussed earlier the rare de-
cays also provide important constraints on the model.
The specific constraints are [8] given by
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B(Z—+e+p ) &2.4X10

B(Z~e+r ) &3.4X10

B(Z-I+~ }&4.8X10

B(r-eee }&2.7X 10

B(r +e—i"I') &2.7X 10

B(r—+ppp) &1.7X 10

900

600

I

hi~=10 h

The basic parameters of models are mixing angles OL z,
Z2 mass Mz, Z-Z' mixing angle P, and the U(1)x gauge
coupling g'. Both the Z-Z' mixing and the Aavor viola-
tion arise in the model from the presence of the addition-
al doublet $2. Thus both are related to the parameter
tanp=(pz) /(p&). The relation between p and p follows

from Eqs. (16) and (18):

M)
sing-4C

2

sin p, (25)

where

sin28z = —2 tanP . (26)

The existing limits on the B(r-eee) as well as Z-er
imply restrictions on the parameters p and M2. These
are displayed in Fig. 1 assuming h»=h33 Analogous
constraints also follow from the process ~—+epp. This
process is comparatively suppressed in the present case
and hence imply much weaker constraints. This is not
displayed in the figure for simplicity. The same parame-

900

600

300

/ I

c&

(

'l '

I

~/,
'

/

/
/,

'

,
'/

M 1

M2

The Oz z also goes to zero when P-0. If one assumes
that the Savor-violating Yukawa coupling h» in Eq. (9) is

of the same order as Savor-conserving one (namely h»)
then 5=m, tanp and hence, from Eq. (3),

300

0 ~ 01

/

/i

rj
10

FIG. 2. Same as Fig. 1 except that h» = 10 'h 33.

V. SUMMARY

ters are also constrained by ApM and 1' [see Eqs. (19) and

(25)].
It follows that the strongest constraints on the parame-

ters are implied by the rare decay ~~eee. Hence the
process ~~eee is allowed by the I„EP data to occur at a
rate consistent with the present experimental precision.
Improvement in the limits for this process would either
imply more stringent restrictions on P and M2 or one
should be able to see this decay in future. Figure 1 was
based on the assumption of equal Yukawa couplings,
h, 3 =h33 in Eq. (9). For comparison we also display in

Fig. 2 limits on p and Mz in case of h»=10 h33 ~

Reduction in the value of h» strongly suppresses the
Savor-violating couplings of r bp~ an.d P remain un-

changed. As a result, now the LEP data imply stronger
restrictions on tanp and Mz. In this case, the LEP obser-
vations already rule out the possibility of seeing Aavor

violation in future experiments which are expected to
provide improved limits on ~—+eee.

It is clear from Figs. 1 and 2 that as long as Mz &1

TeV, tanp is restricted to be &0.1 —0.5. Hence the vac-
uum expectation value of the field Pz responsible for
Aavor violations is strongly constrained in the model.
Likewise, low values of Mz (e.g., 400 GeV} are possible

only if tanP is chosen small (0.03 in case ofh, 3=h33 and

0.3incaseofh»=10 h33).
Although we restricted ourselves to the L, —L, model,

the analogous constraints would follow in models with

X =L, —L„or L„—L,. In particular, one would expect
very severe constraint if L, —L„ is gauged since p~eee
is much severely constrained experimentally.

I

0.001 001 t (p}
0

FIG. 1. The allowed region in the M2 —tanP plane implied

by various constraints: Curve {A) is a contour for
B{v.~eee)=2.7X10 '; (B) for B(Z~e~)=3.4X10 ', (C) for

bp~:0.00125; and (D) for /=0. 021. These curves are for
h 13

=h 33 (see text). Region to the left of the curves is allowed.

We have studied in this paper a specific class of extend-
ed gauge models of the form SU(2)z@U(1}r@U(1)z. All

these extensions are characterized by the fact that it is
possible to gauge U(1)x without extending the fermionic
sector of the standard model. Thus models studied here
are the simplest gauge extensions of the SM. These mod-
els are prototypes of more general horizontal symmetries
[6]. We have concentrated here (a) on a systematic
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classification of U(1)z models and (b) on deriving con-
straints on parameters of a prototype model using the
LEP results. In the specific case of U(1)x coupling to lep-

tons, we have categorized all possible choice of U(1)x. In
general U(1)x provide important restrictions on the mix-

ing matrices. Moreover, they also give rise to interesting
flavor violations thus providing a window into the ex-
istence of such symmetry. The mixing of the U(1)x gauge
boson Z' with the ordinary Z is correlated in these mod-
els to the flavor violation. In fact both these features
originate from the existence of a Higgs doublet carrying
nonzero U(1)x charge. As a result the observations at
LEP could indirectly provide important constraints on

flavor violations. The detailed study presented here
shows that under reasonable assumptions on relevant Yu-
kawa couplings, the LEP observations do allow sizable
flavor violations, and it is possible to obtain a rate for
~—+eee near its present experimental limit. In contrast,
the lepton flavor-violating decays of Z are considerably
suppressed in these models.

We mainly studied models in which U(1)x acts only on
leptons. Models with U(1)z acting on quarks [3] or both
can be analogously studied. A systematic study of these
horizontal models and restrictions on flavor violations in
these models in the light of LEP observations would be
interesting in its own right.
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