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S, T, U parameters in an SU„3…CÃSU„3…LÃU„1… model with right-handed neutrinos

Hoang Ngoc Long and Takeo Inami
Department of Physics, Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

~Received 4 March 1999; published 18 February 2000!

The S, T, U parameters in theSU(3)C3SU(3)L3U(1) model with right-handed neutrinos are calcu-
lated. Explicit expressions for the oblique andZ-Z8 mixing contributions are obtained. We show that the
bilepton oblique contributions toS andT parameters are bounded:20.085&S&0.05,20.001&T&0.08. The
Z-Z8 mixing contribution is positive and above 10%, but it will increase quickly with a higherZ8 mass. The
consequent mass splitting of the bilepton is derived to be 15%. The limit on the mass of theneutral bilepton
in this model is obtained.

PACS number~s!: 12.60.Cn, 12.10.Dm, 14.80.Cp
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I. INTRODUCTION

Evidence for neutrino oscillation and consequently a n
zero neutrino mass from the SuperKamiokande atmosph
neutrino data is compelling@1#. This is the first experimenta
measurement that significantly deviates from the stand
model ~SM!, and calls for its extension.

Among the possible extensions, the models based on
SU(3)C^ SU(3)L ^ U(1)N ~3 3 1! gauge group@2,3# have
the following intriguing features. First, the models a
anomaly-free only if the number of familiesN is a multiple
of three. Further, from the condition of QCD asympto
freedom, which meansN,5, it follows thatN is equal to 3.
The second characteristic is that Peccei-Quinn~PQ! @4# sym-
metry, a solution of the strongCP problem, naturally occurs
in these models@5#. It is worth mentioning that the imple
mentation of PQ symmetry is usually possible only at a cl
sical level~it will be broken by quantum corrections throug
instanton effects!, and there have been a number of attem
to find models that solve the strongCP question. In the
3 3 1 models the PQ symmetry following from the gau
invariant Lagrangian does not have to be imposed. The t
interesting feature is that one of the quark families is trea
differently from the other two@6,7#. This could lead to a
natural explanation of the unbalancing heavy top quarks
the fermion mass hierarchy@7#. Recent analyses have ind
cated that signals of new particles in this model, bileptons@8#
and exotic quarks@9# may be observed at the Fermilab Tev
tron and the CERN Large Hadron Collider~LHC!.

There are two main versions of the 3 3 1 models: the
minimal in which all lepton components (n,l ,l c)L belong to
the same lepton triplet and a variant, in which right-hand
neutrinos are included, i.e., (n,l ,nc)L are in the triplet~here-
after we call it a model with right-handed neutrinos@11,12#!.
New gauge bosons in the minimal model are bilepto
(Y6,Y66) carrying lepton numberL562 and Z8. Most
analyses of the 3 3 1models have centered on the bilepto
@13–16# andZ8 @17,18#. In the second model, the bilepton
with lepton numberL562 are singly chargedY6 andneu-

tral gauge bosonsX0,X̄0, and both are responsible for lepto
violating interactions. This model is interesting because
the existence of right-handed neutrinos and the neutral bi
ton X0, the later being a promising candidate in accelera
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experiments@19#. Since the symmetry of theSU(2)L gauge
group is broken, generically the neutral bilepton has a m
MX0 different from that of the singly charged bileptonMY1.
However, looking at recent review@15# we see that there is
almost no bound on theX0 mass~the limit given there for
MX0 is above 44 GeV!.

Heavy particles can be indirectly observable via radiat
corrections in the SM-type theories@20#. At present the ob-
lique radiative parametersS, T @21# andU @22# can be used
optimally to extract new-physics effects. In the early pap
the focus was on fermionic contributions@23#. The aim of
this paper is to calculate theS, T, U parameters, and to ge
a bound on the bilepton masses.

This paper is organized as follows. In Sec. II we brie
introduce necessary elements of the model, and the bile
mass splitting due to the symmetry breaking is given. S
tion III is devoted to calculating the new gauge boson co
tributions to theS, T, U parameters. We make a remark o
the minimal model in Sec. IV. A numerical evaluation
presented in Sec. V. We summarize our result and m
conclusions in the last section.

II. THE MODEL AND BILEPTON MASS SPLITTING

In this section we first recapitulate the basic elements
the model. Based on the vacuum expectation value~VEV!
structure and the muon decay experiment we obtain a bo
on the neutral bilepton massMX0. The details can be found
in Ref. @11#. In the variant of the 3 3 1 model the third
member of the lepton triplet is a right-handed~RH! neutrino
instead of the antileptonl L

c :

f L
a5@nL

a ,eL
a ,~nL

c !a#T;~1,3,21/3!, ~2.1!

wherea51,2,3 is the generation index.
This assignment leads to the electric charge and hy

charge operators which are now defined by

Q5
1

2
l32

1

2A3
l81N,

Y52N2l8 /A3 @l85diag~1,1,22!/A3#.
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The exotic quarks have charges 2/3 and21/3 and are
SU(2)L singlets

QiL5S diL

2uiL

DiL

D ;~3,3̄,0!, DiR;~3,1,21/3!, i 51,2,

Q3L5S u3L

d3L

TL

D ;~3,3,1/3!, TR;~3,1,2/3!. ~2.2!

The symmetry breaking can be achieved with th
SU(3)L Higgs triplets

x5~xo,x2,x ,o!T, r5~r1,ro,r ,1!T, h5~ho,h2,h ,o!T.
~2.3!

They acquire the vacuum expectation values~VEVs!: ^x&T

5(0,0,v/A2), ^r&T5(0,u/A2,0), and ^h&T5(v/A2,0,0).
The gauge symmetry is broken to the SM gauge symm
by vÞ0. The complex gauge bosonsA2Wm

15Wm
1

2 iWm
2 ,A2Ym

25Wm
6 2 iWm

7 ,A2Xm
0 5Wm

4 2 iWm
5 have the fol-

lowing masses:

mW
2 5

1

4
g2~u21v2!, MY

25
1

4
g2~v21v2!,

~2.4!

MX
25

1

4
g2~u21v2!.

The physical neutral gauge bosons are mixtures ofZ,Z8:

Z15Z cosf2Z8 sinf,

Z25Z sinf1Z8 cosf. ~2.5!

Here the photon fieldAm andZ,Z8 are given by@11#

Am5sWWm
3 1cWS 2

tW

A3
Wm

8 1A12
tW
2

3
BmD ,

Zm5cWWm
3 2sWS 2

tW

A3
Wm

8 1A12
tW
2

3
BmD , ~2.6!

Zm8 5A12
tW
2

3
Wm

8 1
tW

A3
Bm ,

where the usual notation is used:sW[sinuW. The mixing
anglef is given by

tan2f5
mZ

22mZ1
2

MZ2
2

2mZ
2

, ~2.7!

wheremZ1 andMZ2 are thephysicalmass eigenvalues with
07500
e
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mZ
25

g2

4cW
2 ~u21v2!5

mW
2

cW
2

, ~2.8!

MZZ8
2

52
g2

4cW
2 A324sW

2 @u22v2~122sW
2 !#, ~2.9!

MZ8
2

5
g2

4~324sW
2 !

F4v21
u2

cW
2

1
v2~122sW

2 !2

cW
2 G .

~2.10!

One of the Higgs bosons can be identified with the SM Hig
@25#.

The lower limit on the singly charged bilepton is obtain
by the ‘‘wrong’’ muon decay@24#

R5
G~m2→e2nen̄m!

G~m2→e2n̄enm!
;S mW

MY
D 4

. ~2.11!

The observed limitR,1.2% ~at 90% C.L.! gives MY2

>230 GeV.
From Eq.~2.4! we get a bound on the bilepton mass sp

ting

uMY
22MX

2 u<mW
2 . ~2.12!

Combining Eqs.~2.11! and ~2.12! we get thefirst prelimi-
nary constraint on the neutral bilepton mass:

MX0>230617 GeV, 90% C.L. ~2.13!

In conclusion, the model predicts three kinds of new p
ticles: new gauge bosonsY6, X0, X̄o, and Z8, new exotic
quarks T, D1 , D2 and new Higgs scalars. Bilepton
(Y1,X0) make an SU(2)L doublet with hyperchargeY
51/2, while exotic quarks andZ8 areSU(2)L singlets. Be-
cause of the VEV structure, the mass splitting of the bile
tons is bounded by the SMW boson massmW

2 .

III. CONTRIBUTIONS OF NEW PARTICLES TO S, T, U
PARAMETERS

Since new quarks areSU(2)L singlets, they do not ente
into the oblique corrections to theS, T, U parameters
which are only sensitive toSU(2) breaking. Similarly,Z8
will not contribute except throughZ-Z8 mixing.

A. Effective interaction

We begin by writing the Lagrangian for the bilepton
gauge fieldY and its would-be Nambu-Goldstone~WBNG!
boson below theSU(3)L breaking scale. They areSU(2)L
doublets with the hyperchargeY5 1

2

F5S F1

F0
D , Ym5S Ym

1

Xm
0 D . ~3.1!
2-2
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The effective Lagrangian is given

L052
1

2
~Ymn!†Ymn1~DmF2 iMYm!†~DmF2 iMYm!

2 igYm
† Fmn~W!Yn1 i

1

2
g8Ym

† Fmn~B!Yn , ~3.2!

whereM is 232 matrix given by

M5S M 1 0

0 M0
D , ~3.3!

andDm5]m2 igWm1 i 1
2 g8Bm with g5A3g8. For the short-

hand hereafter we denoteMY1[M 1 , MX0[M0. As in the
analysis of the minimal version@14#, here we assume that th
contribution of new physical Higgs bosons toS and T are
small compared with the bilepton ones.

B. Oblique corrections

As it was shown in Ref.@13# contributions from Higgs
fields turn on the masses of gauge bosons: the SM,Z8 and
bileptons. One loop diagrams contributing to vacuum po
izationsP IJ (I ,J51,3,8) are shown in Fig. 1. Figure 1~c! is
the Faddeev-Popov~FP! ghost contribution and Figs. 1~d!–
1~f! are the contributions of the WBNG bosons. The calc
lations below were done in the ’t Hooft-Feynman gauge. F
convenience we use the following functions which will ari
when a bilepton of one kind and its associated FP ghost
WBNG boson go around the loops:

E~q2,M2!5q2F3D1
2

3
2F̄0~q2,M ,M !212F̄3~q2,M ,M !

23 lnM2G1M2~D112 ln M2!,

FIG. 1. Feynman diagrams contributing to vacuum polarizati
P IJ (I ,J51,3,8). Wavy lines denote bileptonsX,Y, dashed lines
associated WBNG bosons, and dashed arrows FP ghosts.
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E8~q2,M2!5q2F3D1
2

3
2F̄0~q2,M ,M !212F̄3~q2,M ,M !

23 lnM2G22M2~3D1123 lnM2!.

Here

D[
2

42n
2gE2 ln~p!,

where n is the space-time dimensionality, andgE is the
Euler-Mascheroni constant.

The vacuum polarizations are then summarized by

P385
1

64p2A3
@E~q2,M0

2!2E~q2,M 1
2 !#,

P335
1

64p2
@E8~q2,M 1

2 !1E8~q2,M0
2!#, ~3.4!

P115
1

32p2 H q2F3D2
2

3
25F̄0~q2,M 1 ,M0!

112F̄3~q2,M 1 ,M0!23 ln~M 1M0!G
2M 1

2 @3D112F̄0~q2,M 1 ,M0!#

2M0
2@3D112F̄0~q2,M 1 ,M0!#

210F̄4~q2,M 1 ,M0!

15~M 1
2 ln M 1

2 1M0
2 ln M0

2!

22~M 1
2 ln M0

21M0
2 ln M 1

2 !J ,

where functionsF̄0(s,M ,m), F̄3(s,M ,m), and F̄4(s,M ,m)
are defined in Ref.@14#. They differ from thoseFs in Ref.
@13# by a term proportional to ln(Mm).

For later use we write down the mentioned functions
q250 and smallq2 behavior:

F̄0~0,M ,m!52
1

2 F22
M21m2

M22m2
ln

M2

m2 G
52

«2~M ,m!

4
1O@«3~M ,m!#, ~3.5!

s

2-3
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F̄3~0,M ,m!52
5

36
1

M2m2

3~M22m2!2
1

M21m2

12~M22m2!

3F12
2M2m2

~M22m2!2G ln
M2

m2

5
«2~M ,m!

12
1O@«3~M ,m!#,

F̄4~0,M ,m!52
1

4 FM21m22
M41m4

M22m2
ln

M2

m2 G
5m2F«2~M ,m!

6
1O@«3~M ,m!#G ,

F̄A~0,M ,m!5
1

2~M22m2!
FM21m22

2M2m2

M22m2
ln

M2

m2 G
5

«~M ,m!

6 F12
«~M ,m!

2 G1O@«3~M ,m!#,

where «(M ,m)[(M22m2)/m2. In the case of identica
massesm5M we have

F̄0~mZ
2 ,M ,M !52

d~M !

6 F11
d~M !

10
1

d2~M !

70 G
1O@d4~M !#,

F̄3~mZ
2 ,M ,M !5

1

6 F11
2M2

mZ
2 G F̄0~mZ

2 ,M ,M !1
1

18
,

~3.6!

where d(M )[mZ
2/M2. The function F̄4 can be calculated

throughF̄0 by the following relation:

F̄4~mW
2 ,M ,m!5

M21m2

2
F̄0~mW

2 ,M ,m!

2
M22m2

2mW
2 @ F̄0~mW

2 ,M ,m!2F̄0~0,M ,m!#.

~3.7!

Other useful formulas are given in Appendix A of Ref.@14#.
The contributions toS, T, U from bileptonic gauge

bosons coming through the transverse self-energies are g

Spol5216p Re
P3Y~mZ

2!2P3Y~0!

mZ
2

~3.8!

5
1

4p H ln
M 1

2

M0
2

1
1

3
@ F̄0~mZ

2 ,M 1 ,M 1!

2F̄0~mZ
2 ,M0 ,M0!#14@ F̄3~mZ

2 ,M 1 ,M 1!
07500
en

2F̄3~mZ
2 ,M0 ,M0!#J ,

Tpol5
4A2GF

a
@P11~0!2P33~0!#

5
3A2GF

16p2a
FM 1

2 1M0
22

2M 1
2 M0

2

M 1
2 2M0

2
ln

M 1
2

M0
2 G ,

Upol516pFP11~mW
2 !2P11~0!

mW
2

2
P33~mZ

2!2P33~0!

mZ
2 G5

2
1

p H 2

3
2

~M 1
2 1M0

2!

2mW
2 @ F̄0~mW

2 ,M 1 ,M0!

2F̄0~0,M 1 ,M0!#2
1

4
@ F̄0~mZ

2 ,M 1 ,M 1!

1F̄0~mZ
2 ,M0 ,M0!#1

5

2
F̄0~mW

2 ,M 1 ,M0!

23@ F̄3~mZ
2 ,M 1 ,M 1!1F̄3~mZ

2 ,M0 ,M0!#

1
5

mW
2 @ F̄4~mW

2 ,M 1 ,M0!2F̄4~0,M 1 ,M0!#

26F̄3~mW
2 ,M 1 ,M0!J .

It is known that the bosonic contributions to theS, T, and
U parameters defined in terms of conventional self-energ
are gauge dependent and, moreover, divergent unless th
strictive condition@26#

jW5cW
2 jZ1sW

2 jg

is imposed. The parameters become gauge invariant a
adding the pinch parts arising from vertex and box diagra

The self-energies of electroweak gauge bosons are m
fied by pinch parts which can be expressed as@26#

PZZ~q2!uP52~q22mZ
2!@B0~q2,M0 ,M0!

1~122sW
2 !2B0~q2,M 1 ,M 1!#,

PZQ~q2!uP52~2q22mZ
2!~122sW

2 !

3B0~q2,M 1 ,M 1!,

~3.9!

PQQ~q2!uP524q2B0~q2,M 1 ,M 1!,

PWW~q2!uP522~q22mW
2 !B0~q2,M 1 ,M0!,

whereB0 is defined by
2-4
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B0~q2,M1 ,M2!5E dnk

i ~2p!n

1

@M1
22k2#@M2

22~k1q!2#

5
1

16p2
@D1 ln~M1M2!1F̄0~q2,M1 ,M2!#.

In getting Eq.~3.9! we have used coupling constants of b
leptons X, Y with the SM vector bosons: the photonA,
weak bosonsZ andW. In the notations of Ref.@27# they are
given by

CAYY5g sW , CAXX50, CZXX52
g

2 cW
,

CZYY5
g~122 sW

2 !

2 cW
, CWXY5

g

A2
.

The above pinch parts give the following corrections toS,
T, andU parameters@28#

Spin5
16p

mZ
2

Re@PZZ~mZ
2!2PZZ~0!2~122sW

2 !

3@PZQ~mZ
2!2PZQ~0!#2sW

2 ~12sW
2 !PQQ~mW

2 !#

5
1

p F ln
M 1

2

M0
2

1F̄0~mZ
2 ,M 1 ,M 1!G ,

Tpin5
4p

sW
2 cW

2
ReF cW

2 PWW~0!

mW
2

2
1

mZ
2

3@PZZ~0!12sW
2 PZQ~0!#G

5
1

4psW
2 F2F̄0~0,M 1 ,M0!1tW

2 ln
M 1

2

M0
2 G , ~3.10!

Upin516p ReH PWW~mW
2 !2PWW~0!

mW
2

1
1

mZ
2 @PZZ~0!22sW

2 @PZQ~mZ
2!2PZQ~0!#

2sW
4 PQQ~mZ

2!#J
5

2

p
@sW

2 F̄0~mZ
2 ,M 1 ,M 1!2F̄0~0,M 1 ,M0!#.

The expressionSpin , Tpin , andUpin in Eq. ~3.10! must be
added toSpol , Tpol , andUpol in Eq. ~3.8!. Note that due to
the term proportional to ln(M1

2 /M0
2) the pinch parts can give

negative contributions to theS and T parameters. It is well
known that the oblique parameterT is positive both for the
07500
case of a heavy left-handed fermion doublet and for the c
of a scalar doublet of general hypercharge. On the ot
hand, the present experimental data seem to favor a neg
value forT. So our model is good in that sense.

C. The Z-Z8 mixing contribution

The effects of theZ-Z8 mixing in a general context ha
been considered in Ref.@29#. Now, due to theZ-Z8 mixing,
the observedZ boson massmZ1

at LEP1 or SLC is shifted

from the SMZ boson massmZ :

Dm2[mZ1

2 2mZ
252tan2fS MZ2

2 2
mW

2

cW
2 D <0. ~3.11!

In writing down the last equality of Eq.~3.11!, we have
employed Eq.~2.8!.

The presence of the mass shift affects theT-parameter at
tree level@21,22#. The result is@22#

Tzz852
Dm2

amZ1

2
5

tan2f

a S MZ2

2

mZ1

2
2

mW
2

cW
2 mZ1

2 D
.

tan2f

a S MZ2

2

mZ1

2
21D . ~3.12!

In our model theSandU parameters do not get contribution
from theZ-Z8 mixing @22,24#.

There are a few ways to get constraints on the mix
anglef and theZ2 mass. For example, a constraint on t
Z-Z8 mixing can be obtained from theZ-decay data. A
bound for the mixing angle is@11# 20.00018<f<0.00285.

The total values of theS, T, and U parameters in this
model are the sum of the bilepton and theZ-Z8 contributions

SRHN5
1

4p H 5 ln
M 1

2

M0
2

1
1

3
@13F̄0~mZ

2 ,M 1 ,M 1!

2F̄0~mZ
2 ,M0 ,M0!#14@ F̄3~mZ

2 ,M 1 ,M 1!

2F̄3~mZ
2 ,M0 ,M0!#J ,

~3.13!

TRHN5
3A2GF

16p2a
FM 1

2 1M0
22

2M 1
2 M0

2

M 1
2 2M0

2
ln

M 1
2

M0
2 G

1
1

4psW
2 F2F̄0~0,M 1 ,M0!1tW

2 ln
M 1

2

M0
2 G

1
tan2f

a S MZ8
2

mZ
2

21D ,
2-5
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URHN52
1

p H 2@F0~0,M 1 ,M0!2sW
2 F0~mZ

2 ,M 1 ,M 1!#

1
2

3
2

~M 1
2 1M0

2!

2mW
2 @ F̄0~mW

2 ,M 1 ,M0!

2F̄0~0,M 1 ,M0!#2
1

4
@ F̄0~mZ

2 ,M 1 ,M 1!

1F̄0~mZ
2 ,M0 ,M0!#1

5

2
F̄0~mW

2 ,M 1 ,M0!

23@ F̄3~mZ
2 ,M 1 ,M 1!1F̄3~mZ

2 ,M0 ,M0!#

1
5

mW
2 @ F̄4~mW

2 ,M 1 ,M0!2F̄4~0,M 1 ,M0!#

26F̄3~mW
2 ,M 1 ,M0!J .

In Eq . ~3.13! we have renamed the physicalZ1 andZ2 to be
usualZ andZ8.

From Eqs.~3.5!, ~3.6!, and ~3.7! it is easy to see that in
the limit M 1 ,M0 ,MZ8→` all valuesSRHN, TRHN, URHN
tend to zero in accord with the decoupling of heavy partic
@30#. With the help of Eq.~2.12! we can expand functions in
URHN without any assumption in advance. Most of the
fects on precision measurements can be described by
three parameters calculated above.

IV. S, T, U PARAMETERS IN THE MINIMA L 3 3 1
MODEL

Many useful details on the model are given in Ref.@10#.
In this model the new charged gauge bosons are do
chargedX11 and the singly chargedY1 bileptons instead of
(Y1,X0) in the RH neutrino version. The bilepton
(X11,Y1) make anSU(2)L doublet with hyperchargeY
5 3

2 . In Refs. @13,14# the parameters for the considere
model are calculated without theZ-Z8 mixing contribution.
For our aim we note that Eqs.~2.7! and~2.8! are still correct.
Therefore as in the above considered model theZ-Z8 mixing
gives contribution to theT parameteronly, and the contribu-
tion is the same as in the model with right-handed neutri

Tmin5
3A2GF

16p2a
FM 11

2 1M 1
2 2

2M 11
2 M 1

2

M 11
2 2M 1

2
ln

M 11
2

M 1
2 G

1
1

4psW
2 F2F̄0~0,M 11 ,M 1!13tW

2 ln
M 11

2

M 1
2 G

1
tan2f

a S MZ8
2

mZ
2

21D , ~4.1!

whereM 11 ,M 1 stand forMX11,MY1, respectively. From
Eqs.~3.13! and~4.1! we see that the mixing contributions a
07500
s

-
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expected@31# is positive, while the oblique contributions ca
be negative in both versions of 3 3 1 models.

The oblique contribution to theS parameter is given in
Ref. @14#. However for theU parameter one term was misse
in the expression ofUuP . The correct expression for this pa
is

UuP5
2

p
@2sW

2 F̄0~mZ
2 ,M 11 ,M 11!2sW

2 F̄0~mZ
2 ,M 1 ,M 1!

2F̄0~0,M 11 ,M 1!#. ~4.2!

From Eq.~4.1! we see that theZ-Z8 mixing contribution
increases by square ofZ8 mass. The analysis in Ref.@10#
gives2531023<f<731024 from the low-energy experi-
ment. According to the recent analysis@32# the Z8 in this
model has very large lower limitMZ8.14 TeV. With this
mass, the mixing contribution is valuable. WithMZ8
51 TeV the mixing contribution is about 4%, that is why
was neglected in the previous analysis@14#. We note that
results in this section are correct for another 3 3 1version—a
3 3 1 model with heavy charged lepton@34#. However, one
point should be made here that the condition~2.12! is correct
for the mentioned 3 3 1 model with heavy charged lepton
but it is violated in the minimal version.

V. NUMERICAL EVALUATION

For our initial purpose we consider ther parameter—one
of the most important quantities of the SM, having a lead
contribution in terms of theT parameter is very useful to ge
the new-physics effects~see, for example Refs.@29,31,33#!.
Defined at the zero point of momentumQ250 theT param-
eter which is equivalent toDr has some advantage over th
U parameter~to deal with F functions there, we have t
suggest a prior relationship between bileptons masses
mZ

2 , mW
2 ). Neglecting theZ-Z8 mixing contribution which

is approximately 10%~for f51023,MZ85700 GeV), the
S, T parameters can be rewritten in terms of two parame
e andd as follows:

TRHN5
1

4psW
2 cW

2 F3

4

e2

d~M 1!
~223e12e2!1sW

2 e2
e2

2

1O~e4!G ,
SRHN5

1

4p F5eS 12
e

2
1

e2

3 D2
2

3
d~M 1!2

d2~M 1!

15

1
17

90
ed~M 1!1

5

126
ed2~M 1!

1O@e4,d3~M 1!#G , ~5.1!

wheree[«(M 1 ,M0)5(M 1
2 2M0

2)/M0
2 .
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It is to be noted that, due to the mass splitting condit
~2.12!, for given M 1 , the parametere is bounded in the
interval

2
mW

2

M 1
2

<e<
mW

2

M 1
2

, e,d~M 1!5
mZ

2

M 1
2

. ~5.2!

For the heavier M 1 , the interval of definition e
P@2mW

2 /M 1
2 ,mW

2 /M 1
2 # becomes shorter. With the interva

of definition given by Eq.~5.2!, the S andT parameters are
bounded too. In addition theTRHN is negative in the region
2eC<e<0 whereeC.(2sW

2 /3)d(M 1).
In Fig. 2 we plot theT parameter as function of the ma

splitting parametere for the three choicesMY15230, 700,
and 3500~GeV!, respectively. The horizontal lines are e
perimental fit @24# after substracting the SM contribution
DTSM @35#

DTSM51~0.13020.003xH!xt10.003xt
220.079xH

20.028xH
2 10.0026xH

3 , ~5.3!

wherext andxH are defined by

xt[
mt2175 GeV

10 GeV
, xH[ log~mH/100 GeV!. ~5.4!

We choose the standard-model reference point atmt
5174 GeV@24#, andmH5100 GeV. Figure 2 shows that
20.0095&e&0.0096 for MY153500 GeV, 20.0475&e
&0.0483 for MY15700 GeV, and20.144&e&0.154 for
MY15230 GeV. This means that splitting in the bilepto
masses is quite narrow about 15% for theM 1;200 GeV,
and decreases for the higherMY1. This result is approxi-
mately consistent with the mass splitting given by the VE
structure~2.13!. In Fig. 3 we plot theSparameter as function
of the mass splitting parametere for the two choicesMY1

5200 GeV and 700 GeV, respectively. We see that thS
parameter is increasing function of the bilepton mass. Ho
ever, due to decreasing of the definition interval~5.2!, the
running interval of theS parameter becomes shorter to
e.g., 20.018<S<0.05 for M 15200 GeV, while

FIG. 2. TRHN as functions ofe for three values ofMY1:
~a! MY15230 GeV, ~b! MY15700 GeV, and ~c! MY1

53500 GeV. The horizontal lines~d! and ~e! are an upper and a
lower limit on the experimental fit substracted the SM contribut
DTSM for mH5100 GeV.
07500
n

-

,

20.000082<S<0.0026 for M 151500 GeV. This means
that if experimental data is closed to the SM zero poi
mH5100 GeV, mt5175 GeV, the bileptonX0,Y1 will
have large masses. In this case theZ-Z8 mixing contribution
has to be included. Thus we get a bound for the obliquS
parameter20.06&S&0.04.

In Fig. 4 we plot SRHN as function of M 1 for ~a! e
520.14 as its maximum value forM0 in the range of 230
GeV. As before the horizontal line is a lower bound on t
experimental fit substracting the SM contributionDSSM @35#

DSSM520.007xt10.091xH20.010xH
2 . ~5.5!

This figure shows that an allowed region for the mass of
charged bilepton 213<MY1<234 ~GeV!. It follows an al-
lowed region for the mass of the neutralX0: 230<MX0

<251 ~GeV!. Note that the result is dependent at the top a
Higgs masses.

VI. SUMMARY AND CONCLUSIONS

In this paper we have calculated both the oblique and
mixing contributions toS, T, U parameters. The mixing
contribution is negligible if mass ofZ8 is less than 1 TeV,
but it will be valuable for theZ8 mass higher than 10 TeV

We have shown that the oblique contributions to theSand
T parameters are bounded, and can be negative. This res
interesting because the present experimental data see
favor to negative value forT. Since most of the precision
measurements can be described by theS, T, and U param-

FIG. 3. SRHN as functions ofe for two values ofMY1: ~a!
MY15200 GeV,~b! MY15700 GeV.

FIG. 4. SRHN as functions ofMY1 for ~a!: the experimental fit
substracted the SM contributionDSSM .
2-7
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eters the obtained expressions are very important for the
ture data analysis.

We have mentioned that the bilepton mass splitting by
VEV structure in the 3 3 1 model with RH neutrinos is
smaller than those in the minimal version. With this con
tion, we can get numerical expression for theU parameter
without any assumption in advance.

The obliqueS and T parameters decrease with high
masses of the bileptons. Thus in this case, theZ-Z8 mixing
contribution has to be considered.

As a consequence we have found that the bilepton m
splitting is quite narrow about 15% for the singly charg
bilepton mass around 200 GeV, and decreases for the hi
mass of the bileptons. Therefore in the future studies i
acceptable to putMY1.MX0.

From the Higgs structure and ‘‘wrong’’ muon decay w
have got the first bound on theMX0:. The analysis based o
ic

e

e

07500
u-

e

-

ss

er
is

Eq. ~5.1! indicates that the neutral bilepton is heavie
namely, for 213<MY1<234 ~GeV!, the allowed region for
MX0: 230<MX0<251 (GeV).

As mentioned above, the constraints on bilepton mas
are dependent upon reference choices of the Higgs m
~even, on the top mass too!. Hence discovery of the Higgs
particle will give a window to the new particles in the SM
extensions. We hope to return to the data analysis in
future.
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APPENDIX

Functions used in this paper are given in Ref.@14#, however, we correct a misprint there@in Eq. ~A1! below#

F̄0~s,M ,m!5E
0

1

dx ln@~12x!M21xm22x~12x!s#2 ln Mm

5

¦

2
2

s
A~M1m!22sA~M2m!22s ln

A~M1m!22s1A~M2m!22s

2AMm

1
M22m2

s
ln

M

m
22, for s,~M2m!2,

2

s
A~M1m!22sAs2~M2m!2 arctanAs2~M2m!2

~M1m!22s

1
M22m2

s
ln

M

m
22, for ~M2m!2,s,~M1m!2,

2

s
As2~M1m!2As2~M2m!2F ln

As2~M1m!21As2~M2m!2

2AMm
2 ipG

1
M22m2

s
ln

M

m
22, for ~M1m!2,s.

~A1!
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