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Abstract. The top-pions
(
Π
0,±
t

)
and the top-Higgs

(
h0t
)
are the typical particles predicted by the topcolor-

assisted technicolor (TC2) model and the observation of these particles can be regarded as direct evidence
of the TC2 model. In this paper, we study three pair production processes of these new particles at the next
generation eγ colliders, i.e., e−γ→ e−Π+t Π

−
t , e

−γ→ νeΠ
−
t Π

0
t and e

−γ→ νeΠ
−
t h
0
t . The results show that

the production rates can reach the level 100–101 fb with reasonable parameter values. So one can expect that
enough signals could be produced in future high- energy linear collider experiments. Furthermore, the flavor-

changing (FC) decay modes Π−t → bc̄, Π
0
t

(
h0t
)
→ tc̄ can provide us with the typical signal to detect these

new particles.

PACS. 12.60Nz; 14.80.Mz; 12.15.LK; 14.65.Ha

1 Introduction

The standard model (SM) provides an excellent effective
field theory description of almost all particle physics ex-
periments. But the Higgs boson mass suffers from an in-
stability under radiative corrections in the SM. A natural
argument suggests that the cutoff scale of the SM is not
much above the electroweak scale: new physics will ap-
pear around TeV energies. Most extensions of the SM re-
quire the introduction of an extended Higgs sector to the
theory. Generically, a charged Higgs boson arises in the
extended Higgs sector, which does not exist in the SM.
It implies that the observation of a charged Higgs boson
is clear evidence for the existence of new physics beyond
the SM.
Dynamical electroweak symmetry breaking (EWSB),

such as technicolor (TC) theory [1, 2], is an attractive idea
that avoids the shortcomings of the triviality and unnatu-
ralness arising from the elementary Higgs field in the SM.
The simplest QCD-like TC models [3–5] lead to a large
oblique correction to the electroweak parameter S [6] and
is already ruled out by the CERN e+e− collider LEP pre-
cision electroweak measurement data [7, 8]. Various im-
provements have been made to make the predictions con-
sistent with the LEP precision measurement data. Among
all these improved TC models, the topcolor-assisted tech-
nicolor (TC2) model [9–12] is a more realistic one, which
provides us with an additional source of EWSB and also

a e-mail: hnxxlyb2000@sina.com

solves the heavy top quark problem. In TC2 theory, the
new strong dynamics topcolor is assumed to be chiral crit-
ically strong at the scale 1 TeV, and it is coupled preferen-
tially to the third generation. In this model, the EWSB is
drivenmainly by TC interactions and extended technicolor
gives the contributions to all ordinary quark and lepton
masses including a very small portion of the top quark
masses:m′t = εmt(0.03≤ ε≤ 0.1) [13]. The topcolor inter-
actions also make small contributions to the EWSB and
give rise to the main part of the top mass, (1−ε)mt. Three
pseudo-Goldstone bosons (PGBs) called top-pionsΠ0t ,Π

±
t

and an isospin-singlet boson called the top-Higgs
(
h0t
)
are

predicted by the TC2 model in the few hundred GeV re-
gion. These bosons can be regarded as the typical feature of
TC2model. Thus, studying the possible signatures of these
typical particles in the present and future high-energy ex-
periments would provide us with crucial information for
EWSB and fermion flavor physics. Furthermore, the dis-
covery of these new particles can be regarded as direct
evidence to test the TC2 model. A comprehensive review
on the phenomenological studies in TC2 model has been
given in [14].
The new particles predicted by the TC2 model can

be probed directly via its decay modes. The decay modes
of the neutral top-pion are the tree-level decay process
Π0t → tt̄ (if this is kinetically allowed), Π

0
t → tc̄, Π

0
t → bb̄

and the process Π0t → γγ, gg, γZ through an internal
top quark loop. The branching ratios of these possible
decay modes have been calculated in detail [15]. The re-
sults show that the neutral top-pion almost decays to tt̄
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if the mass of the neutral top-pion MΠ is larger than
2mt. If mt+mc <MΠ < 2mt, the flavor-changing mode
Π0t → tc̄ will become the dominant decay mode and the
branching ratio may be over 60%. Such a flavor-changing
mode can play an important role in the search of the neu-
tral top-pion due to the clean background. For the top-
Higgs, a different case is that there exist tree-level decay
modes ZZ,W+W−. For the charged top-pions, its de-
cay modes have been studied in [16]. The main modes
are the tree-level Π+t → tb̄ and Π

+
t → cb̄. The alternative

way to probe the top-pions and top-Higgs is to study the
production mechanism of these particles. The future lin-
ear colliders will provide an almost unique place to ex-
plore the top-pion due to its clean environment and high
luminosity [17–24].
The future e+e− colliders can also operate in the eγ or

γγ modes. High energy photons for γγ, eγ collisions can be
obtained using Compton backscattering of laser light off
the high-energy electrons. In this case, the energy and lu-
minosity of the photon beam would be of the same order of
magnitude as the parent electron beam and the set of final
states at a photon collider is much richer than that in the
e+e− mode. At the same time, the high energy photons po-
larizations can relatively easily vary, which is advantageous
for experiments. All the virtues of the photon colliders will
provide us with a good chance to pursuit new physics par-
ticles. The production of the neutral top-pion in TC2 at
eγ colliders has been studied in [25, 26]. Because the SM
predicts the existence of one neutral Higgs boson, distin-
guishing of a Higgs-like neutral top-pion with the Higgs in
the SM needs a more precise measurement, but any obser-
vation of charged Higgs or Higgs-like particles will mean
the signal of new physics. Therefore, probing of charged
top-pions is more important to test the TC2 model. At
e+e− colliders, the main single charged top-pion produc-
tion processes are e+e−→ tb̄Π−t and e

+e−→W+Π−t , and
these process have been systematically studied [15, 27, 28].
In general, the cross sections of the above processes are
at the level of 100–101 fb, and it is promising to observe
the top-pions at future linear colliders with high luminos-
ity. Also, the charged top-pion production processes at
the photon collider have been studied in [29–31]. In this
paper, we will show that the charged top-pions can also
be copiously produced via the processes e−γ→ e−Π+t Π

−
t

and e−γ→ νeΠ
−
t Π

0
t

(
h0t
)
. With reasonable values of the

parameters, the production cross sections may reach the
level of 100–101 fb. On the other hand, the production
cross sections of charged top-pions via e±γ scattering are
about one order of magnitude larger than those of some
similar processes in the minimal supersymmetric stan-
dard model (MSSM) [32]. So, we can easily distinguish
the charged top-pions from other charged Higgs bosons
in MSSM.
This paper is organized as follows. The relevant cou-

plings of the charged top-pions Π±t are summarized
in Sect. 2. Sections 3 and 4 are devoted to the compu-
tation of the production cross sections of the processes
e−γ → e−Π+t Π

−
t and e

−γ → νeΠ
−
t Π

0
t

(
h0t
)
. Some phe-

nomenological analyses are also included in the two sec-
tions. The conclusions are given in Sect. 5.

2 The relevant couplings of the charged
top-pions Π�t

The TC2 model, incorporating the best features of tech-
nicolor and topcolor, offers a new insight into the pos-
sible mechanism of EWSB and the origin of the heavy
top quark mass. At the EWSB scale, this model predicts
two groups of scalars, corresponding to the technicolor
condensates and topcolor condensates, respectively. Ei-
ther of them can be arranged into a SU(2) doublet [33],
and their roles in the TC2 model are quite analogous
to the Higgs fields in the model proposed in [34], which
is a special two-Higgs-doublet model in essence. Explic-
itly speaking, the doublet ΦTC, which corresponds to the
topcolor condensates plays a minor role in EWSB and
only couples to the third generation quarks, its main
task is to generate the large top quark mass. While the
doublet ΦETC, which corresponds to the technicolor con-
densates, is mainly responsible for EWSB and the light
fermion masses, it also contributes a small portion of
top quark mass. The vacuum expectation value (VEV)
of the top quark pair condensate fπ can be given by
the Pagel–Stokar formula. For condensation around the
EWSB scale of 1 TeV, fπ should be near 60GeV. Once
fπ is fixed, the VEV of the technifermion condensates,
vT , is uniquely determined by the EWSB requirement
f2π+v

2
T = v

2 � (246GeV)2. For fπ = 60GeV, we must have
vT = 239GeV. We linearize the theory and rearrange the
pions in two orthogonal linear combinations to form the
longitudinal degrees of freedom of the weak gauge bosons
and a triplet of top-pions, Π0,±, which become physical
degrees of freedom.
The mass splitting between the neutral top-pion and

the charged top-pions should be small, since such a split-
ting comes only from the electroweak interactions [35].
References [9–12] have estimated the masses of the top-
pions using the quark loop approximation and showed
that the masses are allowed to be a few hundred GeV
in the reasonable parameter space. Besides physical top-
pions, there are two other CP -even Higgs modes, labeled
h0t and HETC, known as the top-Higgs boson and the
techni-Higgs bosons, respectively. Their masses can be
estimated in the Nambu–Jona-Lasinio (NJL) model in
the large Nc approximation [36–38] and is found to be
about 2mt [39, 40]. This estimate is also rather crude
and the mass below the tt̄ threshold is quite possible
in a variety of scenarios. On the experimental side, the
current experiments have restricted the masses of the
charged top-pions. For example, the absence of t→Π+t b
implies thatm

Π+t
> 165 GeV [41] and analysis of Rb yields

m
Π+t
> 220GeV [42]. For the masses of the neutral top-

pion and top-Higgs, the experimental restrictions on them
are rather weak. The direct search for the neutral top-
pion (top-Higgs) via pp→ tt̄Π0t

(
h0t
)
withΠ0t

(
h0t
)
→ bb̄ has

been proved to be hopeless at Tevatron with a top-pion
(top-Higgs) heavier than 120GeV [33]. In our following dis-
cussions, we will neglect the mass difference among the
top-pions and denote their mass as MΠ . From the ki-
netic terms of the effective TC2 Lagrangian in linearized
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form [33]

Lkin = (DµΦTC)
†
(DµΦTC)+ (DµΦETC)

†
(DµΦETC) ,

(1)

we know that there exist tree-level couplings of the charged
top-pions Π−t to other particles, which are related to our
calculation can be written as [33]

ZµΠ
−
t Π

+
t :

e

sWcW

(
1−2s2W

) (
p−µ −p

+
µ

)
, (2)

AµΠ
−
t Π

+
t : e

(
p−µ −p

+
µ

)
, (3)

W+µΠ−t Π
0
t : −

e

2sW

(
p−µ −p

0
µ

)
, (4)

W+µΠ−t h
0
t :

ie

2sW

vT

v

(
p−µ −p

0
µ

)
. (5)

Here sW = sin θW, cW = cos θW, and θW is the Weinberg
angle.
In the TC2 model, the top-color gauge bosons include

the topcolor gauge bosonBAµ and the extra U(1) gauge bo-
son Z ′. These gauge bosons have very large masses, which
can be up to several TeV. Such largemasses will depress the
contribution to the cross sections. So, in our calculation, we
can neglect the contributions of these gauge bosons. There
should be another production e−γ→ e−HETCΠ

−
t , but the

cross section of such a process is strongly depressed by the
factor fπ

v
and the heavyHETC. On the other hand, techni-

Higgs is not the typical particle of the TC2 model. So, we
do not study this process in this paper.

3 The process e�γ→ e�Π+t Π
�

t

The charged top-pions pair Π+t Π
−
t can be produced

via e−γ collision associated with an electron as shown

Fig. 1. The Feynman dia-
grams of the process e−γ→
e−Π+t Π

−
t

in Fig. 1. Such a process is very important in search-
ing for the charged top-pions because it can produce
the distinct signals of the charged top-pions. The invari-
ant production amplitudes of the process e−(p1)γ(p2)→
e−(p3)Π

+
t (p4)Π

−
t (p5) can be written as

M =Ma+Mb+Mc+Md , (6)

with

Ma = ie
3G(p5−p2,MΠ)ū(p3)γµ

×

{
−G(p1−p3, 0)+

(1−2s2W)

4s2Wc
2
W

× G(p1−p3,MZ)[(−1+4s
2
W)+γ5]

}

×u(p1)g
µν(p5−p2−p4)ν(2p5−p2)

ρερ(p2) , (7)

Mb = ie
3G(p3−p2, 0)ū(p3)/ε(p2)(/p3− /p2)(/p5− /p4)

×

{
G(p4+p5, 0)+

(1−2s2W)

4s2Wc
2
W

× G(p4+p5,MZ)[(−1+4s
2
W)+γ5]

}
u(p1) ,

(8)

Mc = ie
3G(p1+p2, 0)ū(p3)γµ

×

{
−G(p4+p5, 0)+

(1−2s2W)

4s2Wc
2
W

× G(p4+p5,MZ)[(−1+4s
2
W)+γ5]

}

× (/p1+/p2)/ε(p2)u(p1)g
µν(p5−p4)ν , (9)

Md = ie
3G(p4−p2,MΠ)ū(p3)γµ

×

{
−G(p1−p3, 0)+

(1−2s2W)

4s2Wc
2
W

× G(p1−p3,MZ)[(−1+4s
2
W)+γ5]

}

×u(p1)g
µν(p5−p2+p4)ν(p2−2p4)

ρερ(p2) , (10)
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where G(p,M) = 1
p2−M2

denotes the propagator of the

particles and ερ(p2) is the polarization vector of the pho-
ton, p4 and p5 denote the momenta of the outgoing charged
top-pionsΠ+t andΠ

−
t .

The hard photon beam of the eγ collider can be ob-
tained from laser backscattering at the e+e− linear col-
lider. Let ŝ and s be the center-of-mass energies of the eγ
and e+e− systems, respectively. After calculating the cross
section σ(ŝ) for the subprocess e−γ→ e−Π+t Π

−
t , the total

cross section at the e+e− linear collider can be obtained by
folding σ(ŝ) with the photon distribution function that is
given in [43, 44]:

σ(tot) =

∫ xmax

(2MΠ )
2/s

dxσ(ŝ)fγ(x) , (11)

where

fγ(x) =
1

D(ξ)

[
1−x+

1

1−x
−

4x

ξ(1−x)
+

4x2

ξ2(1−x)2

]
,

(12)

with

D(ξ) =

(
1−
4

ξ
−
8

ξ2

)
ln(1+ ξ)+

1

2
+
8

ξ
−

1

2(1+ ξ)2
.

(13)

In the above equation, ξ = 4Eeω0/m
2
e, in which me and

Ee stand, respectively, for the incident electron mass and
energy, ω0 stands for the laser photon energy, and x =
ω/Ee stands for the fraction of energy of the incident elec-
tron carried by the backscattered photon. fγ vanishes for
x > xmax = ωmax/Ee = ξ/(1+ ξ). In order to avoid the cre-
ation of e+e− pairs by the interaction of the incident and
backscattered photons, we require ω0xmax ≤m2e/Ee, which
implies that ξ ≤ 2+2

√
2� 4.8. For the choice of ξ = 4.8, we

obtain

xmax ≈ 0.83, D(ξmax)≈ 1.8 . (14)

For simplicity, we have ignored the possible polarization 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 calculate the amplitudes
numerically by using the method of [45, 46], which can
greatly simplify our calculation.
In our calculations, we take MZ = 91.187GeV, ΓZ =

2.495GeV and s2W = 0.2315 [47, 48]. The electromagnetic
fine structure constant αe at a certain energy scale is cal-
culated from the simple QED one-loop evolution formula
with the boundary value αe = 1/137.04 [49]. Although
the theory predicts top-pions to lie in the mass range of
200GeV, this can only be regarded as a rough guide. In
order to give a general prediction, we expand the mass
range to 150–400GeV.
To show the influence of the center-of-mass energy (

√
s)

on the cross section, we take
√
s= 1.0, 1.5 and 2.0 TeV, re-

spectively. The numerical results of the cross section are

Fig. 2. The cross section of e−γ→ e−Π+t Π
−
t versus top-pion

massMΠ for
√
s= 1.0, 1.5 and 2.0 TeV, respectively

shown in Fig. 2. One can see from Fig. 2 that the produc-
tion cross section σ falls sharply as theMΠ increases. This
is because the phase space is depressed strongly by a large
MΠ . On the other hand, it can be concluded that the high
c.m. energy is needed in order to enhance the production
rate and produce enough signals. In general, the produc-
tion rate is at the level of a few fb. For

√
s= 1.0 TeV and

150GeV≤MΠ ≤ 300GeV, the value of σ is in the range of
0.23 fb∼ 10.53 fb. If we assume that the future ILC experi-
ment with

√
s= 1.0 TeV has a yearly integrated luminosity

of 500 fb−1, then there will be 102–103 signals to be gener-
ated per year.
The most promising decay modes to search for the

charged top-pions are Π+t → tb̄ and the flavor-charging
mode Π+t → cb̄. In the case of Π

+
t → tb̄, the signal of the

charged top-pion pair production is tt̄bb̄ plus a lepton. In
order to efficiently distinguish the signals from the un-
derlying background and to measure the top-pion mass,
it is important to obtain a clean charged top-pion sig-
nal in the mass distribution of the multi-jet final states.
In particular, since final states contain at least four b
jets, in order to eliminate any residual QCD background,
we need one or two b-tags without incurring significant
penalty. Such b-tagging should have an efficiency of 60%
or better. However, because of the large SM backgrounds
and small production cross section for the signal pro-
cess e−γ→ e−Π+t Π

−
t → e

−tt̄bb̄, the possible signals of the
charged top-pions are difficult to be detected via the de-
cay channel Π+t → tb̄. For the light charged top-pions, the
branching of Π+t → cb̄ is also an important mode, which
induces the signals cb̄cb̄ plus a lepton. The decay branch-
ing ratio of cb̄ is over 10% [27, 28]. Although Π+t → cb̄
is a FC decay mode, cb̄cb̄ production is not the flavor-
changing process. Therefore, the SM background cannot
be ignored. The major irreducible background should come
from e−γ→ e−ZZ. The mistagging of b-quark and s-quark
will make the process e−γ→ e−W+W− become import-
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ant, which significantly enhances the background. For√
s = 1∼ 2 TeV, the production cross section of the pro-
cesses of e−γ→ e−W+W− and e−γ→ e−ZZ can reach
about 10 pb and 10 fb, respectively [50, 51]. So, efficient
b-tagging and c-tagging are also needed to reduce the
background, the experiments can take b-tagging and c-
tagging with high efficiency [52]. But a more detailed
study of the background is warranted, in order to es-
tablish the experimental sensitivity to the FC coupling
Π+t → cb̄.
To compare the cross section of e−γ→ e−Π+t Π

−
t with

that of similar process e−γ → e−H+H− in the MSSM,
we find that the former is significantly larger than the
latter, which provides some useful information to dis-
tinguish the charged top-pions from the charged Higgs.
The tb̄ is the main decay mode for both charged top-
pions and charged Higgs, and such mode is not suit-
able to distinguish these particles. To obtain the iden-
tified signals of the charged top-pions, we should probe
charged top-pions via the flavor-changing decay mode
Π+t → cb̄. τντ can also provide the identified signals of
the charged Higgs, which do not exist for the charged
top-pions.

4 The processes e�γ→ νeΠ
�

t Π
0
t (h

0
t )

With the couplings Π−t Π
0
tW

+
µ and Π

−
t h
0
tW

+
µ , the pro-

cesses e−γ→ νeΠ
−
t Π

0
t (h

0
t ) can be induced at tree level.

The Feynman diagrams of these process are shown in Fig. 3.
The invariant production amplitudes of the process
e−(p1)γ(p2)→ νe(p3)Π0t (p4)Π

−
t (p5) can be written as

M =Ma+Mb+Mc , (15)

with

Ma = i
e3

4
√
2s2W
G(p1−p3,MW )G(p5−p2,MΠ)ū(p3)γµ

× (1−γ5)u(p1)g
µν(p5−p2−p4)ν

× (2p3−p2)
ρερ(p2) , (16)

Fig. 3. The Feynman dia-
grams of the process e−γ→
νeΠ

−
t Π

0
t (h

0
t )

Mb = i
e3

4
√
2s2W
G(p1−p3,MW )G(p4+p5,MW )ū(p3)γµ

× (1−γ5)u(p1)g
µνΓ νρλ[(p1−p3), ε(p2),−(p4+p5)]

× (p5−p4)λερ(p2) , (17)

Mc =−i
e3

4
√
2s2W
G(p1+p2, 0)G(p4+p5,MW )ū(p3)

× (/p5− /p4)(1−γ5)(/p5− /p4)/ε(p2)(p2)u(p1) , (18)

where G(p,M) = 1
p2−M2

denotes the propagator of the

particles and ερ(p2) is the polarization vector of the pho-
ton. p4 and p5 denote the momenta of the outgoing neu-
tral top-pionΠ0t and charged top-pionΠ

−
t , repectively. In

order to write a compact expression for the amplitudes, it
is necessary to define the triple-boson couplings coefficient
by

Γαβγ(p1, p2, p3) = g
αβ(p1−p2)

γ + gβγ(p2−p3)
α

+ gγα(p3−p1)
β , (19)

with all momenta in-coming. With the above production
amplitude, we may obtain the production cross section of
the process e−γ→ νeΠ

−
t Π

0
t . In our numerical calculation,

we will take fπ = 60GeV, and the mass of the top-Higgs
MH = 350GeV (≈ 2mt). Similarly, we can also obtain the
production cross section of the process e−γ→ νeΠ

−
t h
0
t .

The numerical results of the cross section are shown in
Figs. 4 and 5.
It is shown that the behavior of the cross section

plots of e−γ → νeΠ
−
t Π

0
t (h

0
t ) versus MΠ is similar to

that of e−γ → νeΠ
−
t Π

+
t . The cross section for the pro-

cess e−γ → νeΠ
−
t Π

0
t is larger than that for the process

e−γ → νeΠ
−
t h
0
t . In most cases, the cross section is also

at the level of a few fb. For
√
s= 1.5 TeV and 150GeV ≤

MΠ ≤ 400GeV, the value of the production cross sections
in the two processes are in the ranges of 0.36 fb∼ 13.01 fb
and 0.52 fb∼ 4.68 fb, respectively. With a yearly expected
luminosity about 500 fb−1, there are 102 ∼ 103 signals to
be generated each year.
As has been discussed, the possible decay modes of Π0t

are the tree-level decay modes: tt̄ (if Π0t > 2mt), tc̄ and
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Fig. 4. The cross section of e−γ→ e−Π+t Π
0
t versus top-pion

massMΠ for
√
s= 1.0, 1.5 and 2.0 TeV, respectively

Fig. 5. The cross section of e−γ → e−Π+t h
0
t versus top-pion

massMΠ forMH = 350 GeV and
√
s= 1.0, 1.5 and 2.0 TeV, re-

spectively

bb̄, and the loop-level decay modes: gg, γγ and Zγ. As is
known, the couplings of the top-pion to the three fami-
lies fermions are non-universal and therefore do not posses
a Glashow–Iliopoulos–Maiani (GIM) mechanism. This
non-universal feature results in a large flavor-changing
coupling Π0t tc̄. So, in the case of a light Π

0
t , the main

decay mode should be Π0t → tc̄. Such a decay mode in-
volves the typical feature of the TC2 model and the peak
of the invariant mass distribution of tc̄ is narrow. With
MH � 2mt, the main decay modes of the top-Higgs should
be tree-level modes tc̄, ZZ and W+W−. The decay rates
of W+W−, ZZ are suppressed by r2(r =mt/vt), but the
branching ratio of W+W−+ZZ can still above 10% if
the decay mode tt̄ is forbidden. These gauge boson decay
modes might provide a way to distinguish h0t from Π

0
t .

In the SM, the cross section of the process with tc̄ pro-
duction is strongly depressed by GIM mechanism. There-
fore, Π0t (h

0
t )→ tc̄ might provide the typical signals of the

TC2 model. In the MSSM, there exists a similar process,
e−γ→ νeH−A0, which has been studied in [32, 50, 51]. The
cross section is smaller than 1 fb in most of the parameter
space, which provides us with some useful information to
distinguish the charged top-pions from the charged Higgs.
Furthermore, [50, 51] has shown that the charged Higgs
bosons may be detected via the process e−γ→ νeH−A0

in future experiments by taking into account b-tagging ca-
pabilities. Thus, we expected that the possible signals of
charged top-pions might be detected in the future LC ex-
periments.

5 Conclusions

The SM predicts the existence of a neutral Higgs boson,
while many popular models beyond the SM predict the ex-
istence of the neutral or charged scalar particles. These
new particles might produce the observable signatures in
current or future high-energy experiments, which is dif-
ferent form that for the SM Higgs boson. Any visible sig-
nal from the new scalar particles will be evidence of new
physics beyond the SM. Thus, studying the new scalar par-
ticle production at the future high-energy colliders is very
interesting.
The topcolor scenario is one of the important candi-

dates for the mechanism of EWSB, A key feature of this
kind of models is that they predict the existence of the top-
pions Π0,±t and top-Higgs h0t in the low-energy spectrum.
In this paper, we have computed a number of cross sections
at TeV energy eγ colliders for the production of charged
top-pions in TC2 model. We find that the production rates
can reach the level 100–101 fb with reasonable parameter
values. The flavor-changing (FC) decay modes Π−t → bc̄,
Π0t (h

0
t )→ tc̄ can provide us with the typical signal to de-

tect the top-pions and top-Higgs. Furthermore, our numer-
ical results show that the production rates are larger than
those for the charged Higgs bosons H± from the MSSM.
Therefore,Π−t Π

+
t andΠ

−
t Π

0
t (h

0
t ) pair productions via the

e−γ collision are very promising production mechanisms of
the top-pions and top-Higgs in the future ILC experiments.
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