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Abstract In the framework of the SU(3) simple group model, we consider the single top quark production
process ey — Vvebt. We find that the correction effects on the process mainly come from the terms of the
tree-level Wqq' couplings. In the reasonable parameter space of the SU(3) simple group model, the deviation
of the total production cross section ¢** from its SM value is larger than 5%, which might be detected in the

future high energy linear e™

e collider (LC) experiments.
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1 Introduction

The standard model (SM) provides an excellent
effective field theory description of almost all parti-
cle physics experiments. But in the SM the Higgs
boson mass suffers from an instability under radia-
tive corrections. The naturalness argument suggests
that the cutoff scale of the SM is not much above the
electroweak scale: New physics will appear around
TeV energies. Recently, the little Higgs model offers
a very promising solution to the hierarchy problem in
which the Higgs boson is naturally light as a result
of nonlinearly realized symmetry™. The key feature
of this model is that the Higgs boson is a pseudo-
Goldstone boson of an approximate global symmetry
which is spontaneously broken by a vacuum expecta-
tion value (VEV) at a scale of a few TeV and thus is
naturally light. Little Higgs models can stabilize the
little hierarchy between the electroweak scale and the
10 TeV scale at which strongly-coupled new physics
is allowed by electroweak precision constraints.

Little Higgs models contain new gauge bosons, a
heavy top-like quark, and new scalars, which cancel
the quadratically divergent one-loop contributions to
the Higgs boson mass from the SM gauge bosons,
top quark, and Higgs self-interaction, respectively.

Received 15 March 2007, Revised 8 May 2007

Some of these new particles can generate charac-
teristic signatures at the present and future collider
experiments!®. There are several variations of the lit-
tle Higgs models, which differ in the assumed higher
symmetry and in the representations of the scalar
multiplets. According to the structure of the ex-
tend electroweak gauge group, the little Higgs models
can be generally divided into two classes®™ *: product
group models, in which the SM SU(2)y, is embedded
in a product gauge group, and simple group mod-
els, in which it is embedded in a large simple group.
These two classes of models also exhibit an important
difference in the implementation of the little Higgs
mechanism in the fermion sector. The littlest Higgs
model® and the SU(3) simple group model™ are the
simplest examples of the product group models and
the simple group models, respectively.

The SU(3) simple group model consists of two
o model with a global symmetry [SU(3) x U(1)]?
and a gauge symmetry SU(3) x U(1)x. The global
symmetry is spontaneously broken down to its sub-
group [SU(2) x U(1)]* by two vacuum condensates
(D1) = (0,0, f12), where fi ~ fo ~ 1 TeV. At the
same time, the gauge boson symmetry is broken down
to the SM gauge boson group SU(2) x U(1) by the
gauge interactions. This breaking scenario gives to
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an SU(2)L doublet gauge bosons (Y°,X~) and a new
neutral gauge boson Z’. Due to the gauged SU(3)
symmetry in the SU(3) simple group model, all of the
SM fermion representations have to be extended to
transform as fundamental (or anti-fundamental) rep-
resentations of SU(3), which demands the existence
of new heavy fermions in all three generations. The
fermion sector of the SU(3) simple group model can
be constructed in two ways: universal and anomaly
free, which might induce the different signatures at
the high energy collider experiments. We find that
the model has regions of parameter space for which
TeV scale particles only couple very weakly to SM
fields in tree level interactions. This allows them to
hide from precision electroweak measurements while
still canceling the divergences to the Higgs mass.

The top quark is by far the heaviest known
fermion with a mass of the order of the electroweak
scale m, = 172.74£2.9 GeV'”). Assuming this is not a
coincidence, it is hoped that a detailed study of top
quark couplings to other particles will be of utility in
clarifying whether the SM provides the correct mech-
anism for electroweak symmetry-breaking, or whether
new physics is responsible. It is therefore of interest
to provide a general description of the top quark cou-
plings, which might be modified due to the presence of
new interactions or particles. There have been many
papers studying the test of new physics via the top
quark productions at high energy colliders in the lit-
eratures. For instance, supersymmetric corrections
to top quark production at hadron colliders and elec-
tron(photon) linear colliders (LC) have been studied
in Ref. [7]. Recently, there have been a lot of inter-
ests in studying single top quark productions in new
physics models'® . Future linear colliders are expected
to be designed to function also as yy or ey colliders
with the photon beams generated by laser-scattering
method, in these modes the flexibility in polarizing
both the lepton and photon beams will allow unique
opportunities to analyze the top quark properties and
interactions. The aim of this paper is to consider the
process e~y — Vbt in the context of the SU(3) sim-
ple group model, and see whether the effects of this
model on this process can be detected in the future
LC experiments.

2 The process ey — <vVebt in the
SU (3) simple group model

The new charged gauge boson predicted by the
SU(3) simple group model get its mass from the f
condensate, which breaks the extended gauge sym-
metry. At the leading order, the mass of the new

charged gauge boson X~ can be written as'®

9f
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The relative couplings of the charged gauge bosons
W and X to the fermions can be unitive written as!®
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where v =246 GeV is the electroweak scale, svw repre-
sents the sine of the weak mixing angle, f=+/f2+ f2,
tg =tanf = fo/f1, and xx = A1 /A2, in which f; and f,
are the vacuum condensate values of the two sigma-
model fields @, and @,, respectively. A\; and X\, are the
Yukawa couplings parameters. We write the gauge
boson-fermion couplings in the form of iy*(gv+gav®).

Compared with the process e™y — v.bt in the
SM, this process in the SU(3) simple group model
receives additional contributions from the heavy bo-
son X~. Furthermore, the correction terms to the SM
Wev, and Wbt coupling can also produce corrections
to this process. Certainly, these two classifications
can be seen to overlap in the limit, in which the extra
particles are heavy and decouple from the low energy
description. The SM couplings between the ordinary
particles take well defined and calculable values in the
SM, any deviation from these values would indicate
the presence of new physics.

In order to write a compact expression for the
amplitudes, it is necessary to define the triple-boson
couplings coeflicient as:

I (p1,pa,ps) = 9°°(pr—p2)" + 97 (P2 —ps)* +
9" (ps—p1)”, (7)

with all motenta out-going.

The invariant production amplitudes of the pro-
cess in the SU(3) simple group model can be written
as:

M = M, + M+ M.+ My, (8)
with
M, = (ps)y, (1 =75 )ulp {9V 9" "G (ps —pr, Myw) +
Xev
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where G(p,m) =1/(p>~m?) denotes the propagator of
the charged gauge boson, G’ (p,m) = (p-y+m)/(p*> —
m?) denotes the propagator of the fermions.

The hard photon beam of the ey collider can be
obtained from laser backscattering at the ete™ lin-
ear collider. Let § and s be the center-of-mass ener-
gies of the ey and ete™ systems, respectively. After
calculating the cross section o(8) for the subprocess
e~y — v.bt, the total cross section at the ete™ lin-
ear collider can be obtained by folding o(§) with the
photon distribution function that is given in Ref. [10]:

Tmax

o(tot) :J dzo(38)f, (), (13)
(Mg+My)2 /s
where
1 1 4z 422
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(14)
with

D) = (1-%-%) 1n(1+§)+%+§—m. (15)

In the above equation, £ = 4F.w,/m? in which m, and
E. stand, respectively, for the incident electron mass
and energy, wy stands for the laser photon energy, and
x =w/E, stands for the fraction of energy of the inci-
dent electron carried by the backscattered photon. f,
vanishes for & > 0y = Wmax/Fe =&/(14+&). In order
to avoid the creation of eTe™ pairs by the interaction
of the incident and backscattered photons, we require
WoTmax < M2/ E,, which implies that £ <24+2v2~4.8.
For the choice of £ =4.8, we obtain

xmax ~ 0'837 D(Smax) ~ 1'8 . (16)

For simplicity, we have ignored the possible polariza-
tion for the electron and photon beams.

With the above production amplitudes, we can
obtain the production cross section directly. In the
calculation of the cross section, instead of calculating
the square of the amplitudes analytically, we calcu-

late the amplitudes numerically by using the method
of Ref. [11] which can greatly simplify our calculation.

3 The numerical results and discus-
sions

In our numerical results, we take the input pa-
rameters as M, = 172.7 GeV¥, a, =1/128.8, M, =
91.187 GeV, s2,=0.2315 and mw=80.45 GeV!"*\. The
value of the relative correction parameter is insensi-
tive to the degree of the electron and positron po-
larization and the c.m. energy /s. Therefore, we
do not consider the polarization of the initial states
and take 1/s=500 GeV in our numerical calculation.
Except for these SM input parameters, the contribu-
tions of the SU(3) simple group model to single top
quark production are dependent on the free param-
eters (f, @, tp). Considering the constraints of the
electroweak precision data on these free parameters,
we will assume f > 1 TeV, ) > 1, and t3 > 1 for
the SU(3) simple group model™®. The relative cor-
rection of the SU(3) simple group model to the cross
section of single top production is in the expression
of the relative correction parameter R = b0 /0™ with
b0 =|o**—oM| and oM is the tree-level cross section
of e~y —v.bt production predicted by the SM.

The relative correction R is plotted in Fig. 1 as a
function of the free parameter ¢ for f = 1 TeV and
different values of the mixing parameter z,.
Fig. 1, we can see that the SU(3) simple group model
has negative contributions to single top production.
If we assume f =1 TeV, x) > 3, and 1 < 5 <5, the ab-
solute value of the relative correction R is larger than
5% in most of the parameter spaces preferred by the
electroweak precision data. For x, < 3, the absolute
value of relative parameter R is smaller than 5% in
most of the parameter spaces in the SU(3) simple
group model.
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Fig. 1. The relative correction parameter R as
a function of the free parameter tg for f =
1 TeV and different values of the mixing pa-
rameter .
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Fig. 2. The relative correction parameter R as
a function of the scale parameter for tg = 4
three values of the mixing parameters .

In general, the contributions of the little Higgs
model to the observables are dependent on the factor
1/f?. To see the f on the dependence of the contri-
butions of the SU(3) simple group model to the cross
section of single top production, we plot R as a func-
tion of the scalar parameter f for t; =4 three values
of the mixing parameters =, in Fig. 2. One can see
from Fig. 2 that the absolute value R drops sharply
with the value of scalar parameter f increasing. Thus,
the contributions of the SU(3) simple group model to
single top production decouple for large value of the
scale parameter f, which is consistent with the con-
clusions for the corrections of the little Higgs model
to other observables™. However, for tp =4, x)\ 24,
and 1 TeV< f <1.5 TeV, the absolute value of the rel-
ative correction parameter R is generally larger than
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