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S, T, U parameters in anSU(3)-XSU(3), XU (1) model with right-handed neutrinos
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The S, T, U parameters in th&U(3)cX SU(3) X U(1) model with right-handed neutrinos are calcu-
lated. Explicit expressions for the oblique adéZ’ mixing contributions are obtained. We show that the
bilepton oblique contributions t8 and T parameters are bounde&:0.085< S<0.05-0.001=T=<0.08. The
Z-Z' mixing contribution is positive and above 10%, but it will increase quickly with a higtiemass. The
consequent mass splitting of the bilepton is derived to be 15%. The limit on the massrautnal bilepton
in this model is obtained.

PACS numbs(s): 12.60.Cn, 12.10.Dm, 14.80.Cp

I. INTRODUCTION experimentg19]. Since the symmetry of th8U(2), gauge
group is broken, generically the neutral bilepton has a mass
Evidence for neutrino oscillation and consequently a nonM xo different from that of the singly charged bileptd .
zero neutrino mass from the SuperKamiokande atmospheridowever, looking at recent reviefil5] we see that there is
neutrino data is compellindL]. This is the first experimental almost no bound on th¥° mass(the limit given there for
measurement that significantly deviates from the standarl!xo is above 44 GeY.
model (SM), and calls for its extension. Heavy particles can be indirectly observable via radiative
Among the possible extensions, the models based on tHfedrrections in the SM-type theori¢20). At present the ob-
SU(3)c®SU(3),®U(1)y (3 3 1) gauge groud2,3] have Ilqu_e radiative parametel§ T [_21] andU [22] can be used
the following intriguing features. First, the models are OPtimally to extract new-physics effects. In the early papers
anomaly-free only if the number of familied is a multiple th? focus was on fermionic contributioi23]. The aim of
of three. Further, from the condition of QCD asymptoticthIS paper is to calculate #%& T, U parameters, and to get

freedom, which meansl<5, it follows thatN is equal to 3. a bound on the bilepton masses,

. . This paper is organized as follows. In Sec. Il we briefly
The second charactenstlc is that Peccei-QuUiP@) [4] sym- introduce necessary elements of the model, and the bilepton
metry, a solution of the strong P problem, naturally occurs

in th del It h ioning that the imol mass splitting due to the symmetry breaking is given. Sec-
in these model$5]. It is worth mentioning that the imple- 4, )| is devoted to calculating the new gauge boson con-
mentation of PQ symmetry is usually possible only at a Clasfributions to theS, T, U parameters. We make a remark on

sical level(it will be broken by quantum corrections through yhe minimal model in Sec. IV. A numerical evaluation is
instanton effects and there have been a number of attempts, oqented in Sec. V. We summarize our result and make
to find models that solve the strom@P question. In the conclusions in the last section.

3 3 1 models the PQ symmetry following from the gauge

invariant Lagrangian does not have to be imposed. The third

interesting feature is that one of the quark families is treated !l THE MODEL AND BILEPTON MASS SPLITTING
differently from the other twd6,7]. This could lead to a
natural explanation of the unbalancing heavy top quarks iqh
the fermion mass hierarchy’]. Recent analyses have indi-
cated that signals of new particles in this model, bilep{@is
and exotic quarkf9] may be observed at the Fermilab Teva-
tron and the CERN Large Hadron CollidgrHC).

There are two main versions of@h3 3 1 models: the
minimal in which all lepton components (I,I°), belong to
the same lepton triplet and a variant, in which right-handed a a a . ciaiT
neutrinos are included, i.e.y(l,+°), are in the triplethere- fr=0vi.el.(v)]' ~(1.3-1/3), 2.9
after we call it a model with right-handed neutrirld4,12).

New gauge bosons in the minimal model are bileptonsvherea=1,2,3 is the generation index.

(Y*,Y*=F) carrying lepton numbet.=+2 andZ’. Most This assignment leads to the electric charge and hyper-
analyses of th 3 3 1models have centered on the bileptonscharge operators which are now defined by

[13-16 andZ’ [17,18. In the second model, the bileptons

with lepton numbet. = +2 are singly chargety™ andneu- 1

1
tral gauge bosonx® X°, and both are responsible for lepton Q=3As~ _\/—)\8+ N,
violating interactions. This model is interesting because of 243
the existence of right-handed neutrinos and the neutral bilep-
ton X°, the later being a promising candidate in accelerator Y=2N—>\8/\/§ [Ag=diag 1,1~ 2)/\/§].

In this section we first recapitulate the basic elements of
e model. Based on the vacuum expectation vVaWEV)
structure and the muon decay experiment we obtain a bound
on the neutral bilepton madd 0. The details can be found
in Ref. [11]. In the variant of tk 3 3 1model the third
member of the lepton triplet is a right-handd®H) neutrino
instead of the antileptolf :
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The exotic quarks have charges 2/3 ardl/3 and are
SU(2), singlets

die

Qu=| —uiL | ~(330), ~(31-1/3), i=12,
Di.
Uz

Qs =| daL | ~(3,3,1/3, Tr~(3,1,2/3. (2.2)
N

The symmetry breaking can be achieved with three

SU(3)_ Higgs triplets

x=(X°x" . x0" p= 0% =0 9"
2.3

They acquire the vacuum expectation val@egVs): {x)'

=(0,00/2), (p)T=(0u/y2,0), and(n)"=(v/12,0,0).

The gauge symmetry is broken to the SM gauge symmetry

by w#0. The complex gauge bosons/—W+ Wl

—iW2 ,\2Y, =W —iW/ ,\2X0 =W} —iW>, have the fol-
Iowmg masses
2 1 2(1,2 2 2 1 2(..2 2
Mw=79 (u+v9), MY:ZQ (vt w9),

(2.4)

1
M)z(zzgz(uer w?).

The physical neutral gauge bosons are mixtureg,df :

Z'=Zcos¢p—2Z' sing,

Z?=7sin¢+Z' cosde. (2.5
Here the photon field\, andZ,Z" are given by[11]
_ 3 tw 8 1 A / tw
AM_SWW’U,"_CW _ﬁWM_F 1_38,& ,
3 tw 8 tw
Z,u,:CWW'u_SW - EWM‘F 1- ?BM , (26)

\/1——W8+—B

where the usual notation is usesliy=sin 6. The mixing
angle ¢ is given by

2
m2—ma;

tarfp= ———, 2.7
= M2,—m3

wheremz1 and M2 are thephysicalmass eigenvalues with
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2 2
mi= —— (u?+v?)=—" 2.9
Cw
2 9’
M3, =— ———=[u?—02(1-253)], 2.9
2z a2, /—3_455\/[ ( w) ] (2.9
2 u2  v3(1-2s3)?
M;: g—z 2 _2+ % .
4(3—4sy) Cwy Cw
(2.10
€One of the Higgs bosons can be identified with the SM Higgs
[25].

The lower limit on the singly charged bilepton is obtained
by the “wrong” muon decayf 24]

R:

- e - 4
Lz () (211

F(,Ud_ﬂe_;evﬂ) My
The observed [imitR<1.2% (at 90% C.L) gives My-
=230 GeV.

From Eq.(2.4) we get a bound on the bilepton mass split-
ting

M- (2.12

Combining Eqgs.(2.11) and (2.12 we get thefirst prelimi-
nary constraint on the neutral bilepton mass:

M2|<m3,.

My0=230+x17 GeV, 90% C.L. (2.13

In conclusion, the model predicts three kinds of new par-
ticles: new gauge bosong™, X° X° andZ’, new exotic
quarks T, D;, D, and new Higgs scalars. Bileptons
(Y*,X% make anSU(2), doublet with hyperchargey
=1/2, while exotic quarks and’ are SU(2), singlets. Be-
cause of the VEV structure, the mass splitting of the bilep-
tons is bounded by the SM/ boson massny, .

[ll. CONTRIBUTIONS OF NEW PARTICLESTO S, T, U
PARAMETERS

Since new quarks ar8U(2), singlets, they do not enter
into the oblique corrections to th8, T, U parameters
which are only sensitive t&U(2) breaking. Similarly,Z’
will not contribute except througl-Z’ mixing.

A. Effective interaction

We begin by writing the Lagrangian for the bileptonic
gauge fieldY and its would-be Nambu-Goldstorf&/BNG)
boson below thesU(3), breaking scale. They ar@U(2),
doublets with the hyperchargé= 3

CI)+
q’z(cbo)' Y

(3.9

N
YlL)
ol
X,U«
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a) (b) !
‘ Iv{:::}? E'(q2,M?) =

2 _
3A+§—Fo(qz,M,M)—12F3(q2,M,M)

bl ~3InM2|~2M2(3A+1-3InM?),
(e) @
N [lavavs ’\/\}‘ [V
I J J AN J
] Here
© 7y 7
%ﬁwj 2
T A== ye~In(m),

FIG. 1. Feynman diagrams contributing to vacuum polarizations

I, (1,J=1,3,8). Wavy lines denote bilepton§Y, dashed lines where n is the space-time dimensionality, ang is the
associated WBNG bosons, and dashed arrows FP ghosts. Euler-Mascheroni constant.

The vacuum polarizations are then summarized by
The effective Lagrangian is given

Mg~ ———[E(? M)~ E(q2M2)]
1 ® amey3 oD
Lo==5(Y,.)'Y#'+(D, B =iMY,) (D*D—iMY*) "’
—igYTF#7 (W)Y +i£g’YTF‘”(B)Y (3.2
: . N Mag= B (@MDHE(@ M) (34
T

whereM is 2X 2 matrix given by

1 ) 2 T
ITy,= q 3A_§_5Fo(q,M+,Mo)

2
M, O 32
M=ol 3.3 B
0 +12F3(q21M+1M0)_3|n(M+M0)
, _
andD,=d,—igW,+i3g'B, with g=\3g’. For the short- ~MZ[3A+1-Fo(q* M ,Mo)]

hand hereafter we denoM+=M,, Myo=M,. As in the Y T2
analysis of the minimal versidri4], here we assume that the Mol3A+1=Fo(a" M, Mo)]
contribution of new physical Higgs bosons &and T are —10E(2 M. M
small compared with the bilepton ones. 4(9°M,Mo)

+5(M%2 InM2+M3InM3)

B. Oblique corrections —2(Mi In M(Z)+ M(Z) In Mi) '
As it was shown in Ref[13] contributions from Higgs

fields turn on the masses of gauge bosons: the ZMVand

bileptons. One loop diagrams contributing to vacuum polar- _ _ _

izationsII,; (1,J=1,3,8) are shown in Fig. 1. Figuréc)is  Where functionsFo(s,M,m), F3(s,M,m), andF4(s,M,m)

the Faddeev-PopofFP) ghost contribution and Figs.(d)— are defined in Refl14]. They differ from thosd-s in Ref.

1(f) are the contributions of the WBNG bosons. The calcu{13] by a term proportional to Idm). . .

lations below were done in the 't Hooft-Feynman gauge. For _For later use we erte_ down the mentioned functions at

convenience we use the following functions which will arise 9°=0 and smallj® behavior:

when a bilepton of one kind and its associated FP ghost and

WBNG boson go around the loops:

EL(OM.m) 1 ) |\/|2+m2I M2
2 = — M,m)=— < - n—-:-
E(G%M?) =730+ 5~ Fo( M, M)~ 12F5(@2MM) 7] R VER
%(M,m) .
~3InM?|[+M?(A+1-InM?) =——3 tole“Mm)], (3.5
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FL(OM.m)= M?m? M?+m?
m
Fs T3 3(M2—m?)? A= m?)
2M?2m? I|v|2
e — n_
(MZ_mZ)Z m2
2
g7 (M,m)
=T+O[e3(M,m)],
.., M*+m* M2
F4(0,M,m)=—z M“+m-— 2_m2|nﬁ
2
e“(M,m
=m? (T)+O[a3(M,m)]}
FA(OM,m) 24+ m? 2M2m2| w*
M,m m?— n—
A 2(M?—m?) M?2—m? m?
_eMm)|  e(M,m) L O[£3(M,
where ¢(M,m)=(M?—m?)/m?. In the case of identical

massesn=M we have

— S(M S(M) &M
Fo(mz,M,M)=— (6 ){1+ (10) ;0)}
+O[8*(M)],

Fa(m2,M M):l 1+lz Fo(m3,M,M)+ — !
s\Vz» ™ 6 m2 z 18’

(3.6)

where 5(M)Em§/M2. The functionﬁ can be calculated
throughF by the following relation:

— 24rm2_
Fa(my . M,m)= ———Fo(m§,M,m)
M2—m? _ _
T ome, [Fo(m2,,M,m)—Fo(0M,m)].
(3.7

Other useful formulas are given in Appendix A of REE4].
The contributions toS, T, U from bileptonic gauge
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—F3(m2,Mg,Mg)]
4\2G¢
TpoI: o [Hll(o)_Hsg(O)]
C3V2Gg| o, o, 2MEME ME
162 | % MZ-MZ M2
Hll(m\ZN)_Hll(()) H33(m%)_1-[33(0)
U poi= 167 > — > =
My mz

Lz _mzimy o
- §—W[ o(Mmgy, M, ,My)

— 1 —
—Fo(OM ., Mg)]— Z[Fo(mz M. ,M..)

— 5
+Fo(mZ,Mo,Mo)]+ 5Fo(miy,M . ,Mo)
_3[E3(m%1M+ !M+)+E3(m§,Mo,Mo)]

5 _ _
+ —[Fa(md,M ,Mg)—F4(0M. ,Mg)]
W

—6F3(m2,,M, ,Mg) {.

It is known that the bosonic contributions to tBeT, and
U parameters defined in terms of conventional self-energies,
are gauge dependent and, moreover, divergent unless the re-
strictive condition[26]

2 2
Ew=cCwéztswé,

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

The self-energies of electroweak gauge bosons are modi-
fied by pinch parts which can be expressed2

bosons coming through the transverse self-energies are given

11%(m3) — 11°"(0)

2
mz

Spo= — 167 Re (3.9

M2
In —

1 2
= 1IN =2+ S[Fo(mg M, M)

—Fo(m2,Mg,Mo)]+4[F3(m2,M, ,M )

I177(0%)|p=— (g?—m3)[Bo(4,Mg,My)
+(1-2s5)?Bo(G%,M 1 ,M )],

,0(0%)]p=— (292~ m3)(1—2s3)
XBO(q21M+ 1M+)y
(3.9
HQQ(q2)|P: _4q2BO(q2!M + vM +):

Mww(9?)p=—2(q _mw)Bo(q M, My),

whereBy, is defined by

075002-4



S, T, U PARAMETERS IN ANSU(3)cXSU(3) . xU(1) ... PHYSICAL REVIEW D 61 075002

d"k 1 case of a heavy left-handed fermion doublet and for the case
BO(qZ,Ml,Mz)zf - S 5 of a scalar doublet of general hypercharge. On the other
i1(2m)" [M1—Kk7][M5—(k+0q)“] hand, the present experimental data seem to favor a negative

1 value forT. So our model is good in that sense.
= P[A"‘|n(M1M2)+F0(q2,M11M2)]-
m C. The Z-Z' mixing contribution

In getting Eq.(3.9 we have used coupling constants of bi- The effects of theZ-Z’ mixing in a general context has
leptons X, Y with the SM vector bosons: the photdk been considered in Ref29]. Now, due to theZ-Z' mixing,
weak bosonZ andW. In the notations of Ref.27] they are  the observed boson massnz, at LEP1 or SLC is shifted

given by from the SMZ boson massn, :
CAYY= CAXX=0, CZXX=— -2 iy
— 95w, =5 T 2cw Am’=m; —mi=—tar’¢ M§2—C—2 <0. (3.1)
W
2cw \/E In writing down the last equality of Eq3.11), we have

employed Eq(2.9).

The above pinch parts give the following correction$sto The presence of the mass shift affects Tiparameter at

T, andU parameter§28] tree level[21,22. The result ig22]
167 2 2
Spin= —g R 1L (m2) ~1(0) — (1 253 1 o_ Am?_tarrg Mz, my,
Mz e amz, m7 cymz,
X[ z0(M2) —Tzg(0)] - sH( 1= s og(MG) ] )
tartg [ Mz,
(A =— > —1]. (3.12
= — InW+F0(mZ,M+,M+) s mzl
0
. Myw(0) 1 In our model theSandU parameters do not get contributions
Ton= 5 Re[csv = from theZ-Z' mixing [22,24.
SwCw My mz There are a few ways to get constraints on the mixing
angle ¢ and theZ? mass. For example, a constraint on the
XTI+ 0) + 282 [T~ (0 Z-Z' mixing ca_n_be obtamed from th&-decay data. A
[1122(0)+ 25 20(0)] bound for the mixing angle iEL1] —0.00018< ¢=<0.00285.
The total values of thes T, and U parameters in this
_ ) M2 model are the sum of the bilepton and #h&' contributions
= > 2F0(O,M+,M0)+t\,\,ln—2 , (3.10
TSwW Mo
S 15|M2++113E 2 M, M
2 = — - —
U 16 RQ{ Iy M3) — y(0) RN 2| 52 3[13Fo(mz, M, M) (313
pin m2
W [— J—
—Fo(mZ,Mg,Mg)]+4[F5(mZ, M, M)
1
+ —5[M72(0) = 283 [ I z9(M3) ~ I17(0)] —
mz —F3(mz,Mq,Mg)],
_Sﬁ/HQQ(mg)]
3V2Ge| ,  , 2MiIM§ M3
rRN= T, | Mi+Mg————=In—
2 o=, 5 = 167%a M2-M2" M
:;[SWFO(m21M+1M+)_FO(OIM+vMO)]' * 0 0
1| = , M3
The expressioS,in, Tpin, andUy, in Eq. (3.10 must be + ey 2F5(0M | ,Mg) +tyIn Wz
added t0S,, Ty, andU, in Eq. (3.8). Note that due to 0
the term proportional to Im(Ii/Mé) the pinch parts can give tarf¢ Mi,
negative contributions to th8 and T parameters. It is well + — 1/,
known that the oblique parameteris positive both for the @ mz
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1 expected31] is positive, while the oblique contributions can
Urin=— —1 2[Fo(OM . ,Mg)—saFo(mz , M, ,M,)] be negative in both versiond 8 3 1 models.
77 The oblique contribution to th& parameter is given in

2 (Mi+ MS) B Ref.[14]. However for thdJ parameter one term was missed

fo——— [Fo(m3, M, ,My) in the expression dfl | . The correct expression for this part
3 2ma, W is
—Fo(OM, M )]—E[E(m2 M. M) 2 2 2 2T 2
OV O gt O U|P:;[25WFo(mzyM++1M++)_SWF0(mzyM+,M+)
_ 5_ —
+F0(m§,MO,MO)]+§F0(m\2N,M+,MO) —Fo(OM, ,M)]. (4.2)
_3[E3(m§ M, M+)+E3(m§ Mo,Mo)] From Eq.(4.1) we see that th&-Z’ mixing contribution

increases by square @&’ mass. The analysis in Ref10]
gives—5x 10 3< $=<7x 10 * from the low-energy experi-

5 _
+—[Fa(m§ M ,Mg)—F4(0M, ,Mo)] ment. According to the recent analy$i2] the Z' in this
M model has very large lower limitl,,>14 TeV. With this
mass, the mixing contribution is valuable. WitN,,
—6F5(m2, M, ,Mo) . =1 TeV the mixing contribution is about 4%, that is why it

was neglected in the previous analyfist]. We note that
results in this section are correct for anatBe8 1version—a
In Eq . (3.13 we have renamed the physi@) andZ, to be 3 3 1 model with heavy charged leptf84]. However, one
usualZ andZzZ’. point should be made here that the conditi@rl?) is correct
From Egs.(3.5), (3.6), and(3.7) it is easy to see that in for the mentiond 3 3 1 model with heavy charged lepton,
the limit M, ,Mq,M,, — all valuesSgyn, Trun. Urnn DUt itis violated in the minimal version.
tend to zero in accord with the decoupling of heavy particles
[30]. W|Fh the help of Eq(2.12) we can expand functions in V. NUMERICAL EVALUATION
Ugryn Without any assumption in advance. Most of the ef-
fects on precision measurements can be described by the For our initial purpose we consider tipeparameter—one

three parameters calculated above. of the most important quantities of the SM, having a leading
contribution in terms of th@ parameter is very useful to get
IV. S, T. U PARAMETERS IN THE MINIMA L 331 the new-physics effectsee, for example Ref§29,31,33).
MODEL Defined at the zero point of momentu@?=0 theT param-

eter which is equivalent td p has some advantage over the
Many useful details on the model are given in Ré0]. U parameter(to deal with F functions there, we have to
In this model the new charged gauge bosons are doublguggest a prior relationship between bileptons masses and
chargedX™ " and the singly charged" bileptons instead of m2, m2). Neglecting thez-Z' mixing contribution which
(Y*,X% in the RH neutrino version. The bileptons g approximately 10%for ¢=10 3 M, =700 GeV), the

(XT7,Y") make anSU(2)_ doublet with hypercharg& s T parameters can be rewritten in terms of two parameters
=3. In Refs.[13,14 the parameters for the considered ¢ and s as follows:

model are calculated without th&Z’ mixing contribution.
For our aim we note that Eq&.7) and(2.8) are still correct.

2 2
Therefore as in the above considered model+# mixing Trun= 12 . 3_¢ (2—3e+2€%) +s2e— <
gives contribution to th@ parameteonly, and the contribu- Amsica 4 6(M.) 2
tion is the same as in the model with right-handed neutrinos
+0(e |,
3\/§GF 2 2 2M3—+M§— M%—-%—
mn=~ 5 | Ml tMi— n
1672« M2, —-M2 M2 1 20 o 2(M.)
€ € +
_ 2 SRHN= 2 56<1‘§+§)‘§5<M+>‘ 15
+———| 2Fo(0M . M) +3tgIn *2*1
oW : £ 2 oMy )+ (M)
2 90 126 *
tarfg [ M3,
+——|—=-1]. 4.1
mz +0[e* 83(M)]|, (5.1

whereM , . ,M, stand forMy++,My+, respectively. From
Egs.(3.13 and(4.1) we see that the mixing contributions as wheree=g(M, ,My)=(M2 —M?2)/M3.
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0.2 T . v 7 0.03

; :My=200GeV — e
N yé 0.02} §b§ MY=700G eV
0.1
0.01}
0 o} -
-0.01} <
£ g p
£-0.1 g
S “g 02t /,.,
0.2 ] -0.03}
:My=230GeV — 0.04}
03 & Mf:700c;§v ------- ] 004r
) (©My=3500GeV - 0.05b
pperbound e
0 . . . ¢):Lowerbound -—- 0.06 1 i ] ) . .
D5 07 005 0 0.05 01 0.5 - 041 0.05 0 0.05 0.1
€ €
FIG. 2. Tgyn as functions ofe for three values ofMy-+: FIG. 3. Sgyn @s functions ofe for two values ofMy+: (&)

(@ My+=230 GeV, (b)) My+=700 GeV, and (c) My+ My+=200 GeV,(b) My+=700 GeV.

=3500 GeV. The horizontal line@) and (e) are an upper and a

lower limit on the experimental fit substracted the SM contribution — 9 000082 S<0.0026 for M, =1500 GeV. This means
ATsy for my=100 GeV. that if experimental data is closed to the SM zero point:
my=100 GeV, m=175 GeV, the bileptonX®Y* will
have large masses. In this case Zh&’' mixing contribution
has to be included. Thus we get a bound for the obli§ue

It is to be noted that, due to the mass splitting condition
(2.12), for given M ., the parametek is bounded in the

interval parameter—0.06<= S<0.04.
m2 m2 m2 In Fig. 4 we plot Sz as function ofM, for (a) e
_ W< W' e<S(M )= _Zz (5.2 =-0.14 as its maximum value fdvl, in the range of 230
VS M2 2 GeV. As before the horizontal line is a lower bound on the

) ) o experimental fit substracting the SM contributiai$s), [35]
For the heavier M., the interval of definition €

e[—ma/M2 ,mi/M?] becomes shorter. With the interval ASgy=—0.00%,+0.091,;—0.010< . (5.5

of definition given by Eq(5.2), the SandT parameters are

bounded too. In addition thﬁRHN is negative in the region This figure shows that an allowed region for the mass of the
—ec<e<0 whereec= (ZsW/3)5(M+) charged bilepton 2:8My+=<234 (GeV). It follows an al-

In Fig. 2 we plot theT parameter as function of the mass lowed region for the mass of the neutrsP: 230<Myo
splitting parametek for the three choicedy+=230, 700, <251(GeV). Note that the result is dependent at the top and
and 3500(GeV), respectively. The horizontal lines are ex- Higgs masses.
perimental fit[24] after substracting the SM contributions

ATgy [35] VI. SUMMARY AND CONCLUSIONS
ATgy= +(0.130-0.00%;)x,+ 0.003’ — 0.07%}, In this paper we have calculated both the oblique and the
2 3 mixing contributions toS, T, U parameters. The mixing
—0.028,+0.0026cy , (5.3 contribution is negligible if mass aZ’ is less than 1 TeV,

but it will be valuable for thez’ mass higher than 10 TeV.
We have shown that the oblique contributions to $and
—175 GeV T parameters are bounded, and can be negative. This result is
X="70 Gey ' Xn=109(m4/100 GeV. (5.4 interesting because the present experimental data seem to
favor to negative value foll. Since most of the precision
We choose the standard-model reference pointmat Measurements can be described by $h&, andU param-
=174 GeV[24], andmy=100 GeV. Figure 2 shows that
—0.00955 €<0.0096 for My+=3500 GeV, —0.0475s¢€ -0.0656
=0.0483 forMy+=700 GeV, and—0.144<¢=<0.154 for -0.0658
My+=230 GeV. This means that splitting in the bilepton
masses is quite narrow about 15% for tide ~200 GeV,

wherex; andxy are defined by

-0.066

and decreases for the highbty+. This result is approxi- Boeezy

mately consistent with the mass splitting given by the VEV -0.0864 |

structure(2.13. In Fig. 3 we plot theS parameter as function -0.0666

of the mass splitting parameterfor the two choicesM -+ 006681

=200 GeV and 700 GeV, respectively. We see that $he ' By —
parameter is increasing function of the bilepton mass. How- 0087 5250 225 %?Y?Ge V§3"5 240 245 250

ever, due to decreasing of the definition inter¢al2), the
running interval of theS parameter becomes shorter too, FIG. 4. Sz as functions oMy for (a): the experimental fit
e.g., —0.018<S<0.05 for M,=200 GeV, while substracted the SM contributiakSgy,.
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eters the obtained expressions are very important for the fu=g. (5.1) indicates that the neutral bilepton is heavier,

ture data analysis. namely, for 21%=M+=<234 (GeV), the allowed region for
We have mentioned that the bilepton mass splitting by théVixo:  230<=Myo<251 (GeV). . _
VEV structure in te 3 3 1 model with RH neutrinos is As mentioned above, the constraints on bilepton masses

smaller than those in the minimal version. With this condi-a'® dependent upon reference choices of the Higgs mass

tion, we can get numerical expression for teparameter (EVEN. on the top mass tbdHence discovery of the Higgs
without any assumption in advance. particle will give a window to the new particles in the SM

4 . . extensions. We hope to return to the data analysis in the

The obliqueS and T parameters decrease with h'gherfuture. P y
masses of the bileptons. Thus in this case,Zh&" mixing
contribution has to be considered. ACKNOWLEDGMENTS
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APPENDIX

Functions used in this paper are given in H&#], however, we correct a misprint thei@ Eq. (A1) below]

Fo(s,M,m)= foldxln[(l—x)|v|2+xm2—x(1—x)s]—|n Mm

(

2 VM +m)2—s++(M—m)?—s
— —J(M+m)%2=s\(M—m)?°-sIn ( (
s 2yMm
MZ2—m? M )
+—In—-2, for s<(M—m)~,
s m
2 [s—(M—m)2
—J(M+m)?—sys—(M—m)?arcta —
S (M+m)“—s
- (A1)
M2—m? M ) )
+—In—-2, for (M—m)~<s<(M-+m)~,
s m
2 [ Js=(M+m)2+s—(M—m)?
—Js—(M+m)?ys—(M—m)?| In ( ( ) —i
s 2JMm
M2—m? M ,
K +———In—-2, for (M+m)°<s.
s m
[1] Y. Fukudaet al, Phys. Lett. B433 9 (1998; Phys. Rev. Lett. Theory and Phenomenology, International Institute of Theoret-
81, 1562(1998; T. Kagita, inProceedings of the XVIlith In- ical and Applied PhysicsAmes, lowa, 1995, hep-ph/9507351.
ternational Conference on Neutrino Physics and Astrophysics [8] B. Dion, T. Gregoire, D. London, L. Marleau, and H. Nadeau,
Takayama, Japan, 1998npublishedl Phys. Rev. D69, 075006(1999.

[2] F. Pisano and V. Pleitez, Phys. Rev.4B, 410(1992; P. H.  [91P. Das, P. Jain, and D. W. Mckay, Phys. Rev59) 055011

Frampton, Phys. Rev. Let69, 2889(1992. (1999.

. . 10] D. Ng, Phys. Rev. D19, 4805(1994.
[3] R. Foot, O. F. Hernandez, F. Pisano, and V. Pleitez, Phys. Re%ll] R. Foot, H. N. Long, and Tuan A. Tran, Phys. Rev5Q R34

D 47, 4158(1993. _ (1994 H. N. Long, ibid. 54, 4691(1996.
[4]R. D. Peccei and H. R. Quinn, Phys. Rev. L8, 1440  [12] J. C. Montero, F. Pisano, and V. Pleitez, Phys. Rev4D
(1977; Phys. Rev. D16, 1791(1977). 2918(1993.
[5] P. B. Pal, Phys. Rev. 52, 1659(1995. [13] K. Sasaki, Phys. Lett. B08 297 (1993.
[6] J. T. Liu, Phys. Rev. 50, 542(1994. [14] P. H. Frampton and M. Harada, Phys. Rev.58 095013
[71 P. H. Frampton, inProceedings of Workshop on Particle (1998.

075002-8



S, T, U PARAMETERS IN ANSU(3)cXSU(3) . xU(1) ... PHYSICAL REVIEW D 61 075002

[15] F. Cuypers and S. Davidson, Eur. Phys. 2,603 (1998. 1471(1995.
[16] P. H. Frampton and D. Ng, Phys. Rev.45, 4240(1992; E. [24] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1
D. Carlson and P. H. Frampton, Phys. Lett2&3 123(1992); (1998.

H. Fujii, S. Nakamura, and K. Sasakdjd. 299, 342(1993; P. [25] H. N. Long, Mod. Phys. Lett. AL3, 1865(1998.
H. Frampton, J. T. Liu, B. C. Rasco, and D. Ng, Mod. Phys.[26] G. Degrassi and A. Sirlin, Nucl. PhyB383 73 (1992; Phys.

Lett. A9, 1975(1994; H. Fuijii, Y. Mimura, K. Sasaki, and T. Rev. D 46, 3104 (1992; G. Degrassi, B. A. Kniehl, and A.
Sasaki, Phys. Rev. D49, 559 (1994; N. Lepore B. Sirlin, ibid. 48, R3963(1993.

Thorndyke, H. Nadeau, and D. London, Phys. Re\a2031 [27] T. Ishikawa, T. Kaneko, K. Kato, S. Kawabata, Y. Shimizu,
(1994); B. Dutta and S. Nandi, Phys. Lett. 840, 86 (1994; and H. Tanaka, GRACE manual, KEK Report No. 92-19,
K. Sasaki, K. Tokushuku, S. Yamada, and Y. Yamaz#kd. 1993.

345 495(1995; P. H. Frampton and B. C. Rasco, Phys. Rev.[28] D. C. Kennedy and P. Langacker, Phys. Rev. L&§. 2967
Lett. 75, 1899(1995; K. Horikawa and K. Sasaki, Phys. Rev. (1990; Phys. Rev. D44, 1591(1991).

D 53, 560 (1996; P. H. Frampton, Int. J. Mod. Phys. A3, [29] B. Holdom, Phys. Lett166B, 196 (1986; G. Altarelli et al.,
2345(1998; P. H. Frampton and X. Guan, Mod. Phys. Lett. A Nucl. Phys.B342 15(1990; G. Altarelli et al,, Phys. Lett. B

13, 2621(1998; M. B. Tully and G. C. Joshi, Int. J. Mod. 245 669 (1990; F. del Aguila, Acta Phys. Pol. B5, 1317
Phys. A13, 5593(1998; M. Raidal, Phys. Rev. 57, 2013 (1994); F. del Aguila, M. Cvetic, and P. Langacker, Phys. Rev.
(1998. D 52, 37 (1999; G. Bhattacharyya, A. Datta, S. N. Ganguli,
[17] J. T. Liu and D. Ng, Z. Phys. 82, 693(1994); D. G. Dumm, and A. Raychaudhuri, Mod. Phys. Lett. & 2557 (1991; G.
F. Pisano, and V. Pleitez, Mod. Phys. Lett.9A1609(1994); Bhattacharyya, S. Banerjee, and P. Roy, Phys. Rev5D
D. G. Dumm, Phys. Lett. B11, 313(1997; J. C. Montero, V. R729(1992; K. S. Babu, C. Kolda, and J. March-Russell,
Pleitez, and M. C. Rodriguez, Phys. Rev5B 097505(1998. ibid. 54, 4635(1996; 57, 6788(1998.
[18] P. Jain and S. D. Joglekar, Phys. Lett487, 151(1997. [30] T. W. Appelquist and J. Carazzone, Phys. RevlD 2856
[19] A. De Riula, M. B. Gavela, and P. Herdez, Nucl. Phys. (1975.

B547, 21 (1999; S. Geer, Phys. Rev. B7, 6989 (1998, B. [31] P. Langacker and M. Luo, Phys. Rev.45, 278 (1992, and
Autin et al, Report No. CERN-SPSC/98-30, SPSC/M 617, references therein.

1998. [32] F. Pisano, J. A. Silva-Sobrinho, and M. D. Tonasse, Phys. Rev.
[20] M. Veltman, Nucl. PhysB123 89 (1977; T. Inami and C. S. D 58, 057703(1998.

Lim, Prog. Theor. Phys65, 297(1981); E. Ma and A. Pramu-  [33] M. Veltman, Acta Phys. Pol. B, 475(1977; M. Chanowitz,

dita, Phys. Rev. @22, 214(1980; A. J. Buras, Phys. Rev. Lett. M. A. Furman, and I. Hinchlife, Phys. Let.8B, 285(1978;

46, 1354(1981). C. S. Lim, T. Inami, and N. Sakai, Phys. Rev. 19, 1488
[21] M. E. Peskin and T. Takeuchi, Phys. Rev. L&, 964(1990); (1984).

Phys. Rev. D46, 381(1992. [34] V. Pleitez and M. D. Tonasse, Phys. Rev4B 2353(1993.
[22] B. Holdom, Phys. Lett. B59 329 (1991J. [35] K. Hagiwara, D. Haidt, C. S. Kim, and S. Matsumoto, Z. Phys.
[23] T. Inami, C. S. Lim, and A. Yamada, Mod. Phys. Lett.7A C 64, 559(1994); K. Hagiwaira, D. Haidt, and S. Matsumoto,

2789(1992; T. Inami, T. Kawakami, and C. S. Linibid. 10, Eur. Phys. J. @, 95(1998.

075002-9



