
PHYSICAL REVIEW D 70, 115012 (2004)
Distinguishing technicolor models via t �t production at polarized photon colliders
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We study top quark pair productions at a polarized photon collider from an e�e� linear collider (LC) in
various improved technicolor models, namely, the one-family walking technicolor model, the top-color-
assisted technicolor model, and the top-color-assisted multiscale technicolor model. Recent constraint on
the top-pion mass from the precision data of Rb is considered. It is shown that, considering only the
statistical errors, a polarized photon collider from a 500 GeV LC with an integrated luminosity of
500 fb�1 is sufficient for distinguishing the three improved technicolor models experimentally.
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Although the standard model (SM) has successfully
passed the precision electroweak tests, its electroweak
symmetry breaking (EWSB) mechanism is still unclear.
The Higgs boson has not been found, and the LEP2 bound
on the Higgs boson mass is 114.4 GeV [1]. Furthermore,
the SM Higgs sector suffers from the well-known problems
of triviality and unnaturalness arising from the elementary
Higgs field. There have been many new physics models of
the EWSB mechanism proposed for avoiding the above
problems. An attractive idea of completely avoiding trivi-
ality and unnaturalness is to abandon the elementary Higgs
field(s), such as various kinds of improved technicolor
models [2–4], top quark seesaw models [5], and certain
little Higgs models [6]. In a previous paper [7], we studied
the tests of various improved technicolor models via top
quark pair productions at high energy photon colliders.
Since the pseudo Goldstone bosons (PGBs) coupling to
the top quark in different improved technicolor models are
quite different, we showed that different improved techni-
color models can be distinguished experimentally through
top quark pair productions at an unpolarized photon col-
lider built from a

���
s

p
� 1:5 TeV e�e� linear collider (LC)

[7]. In this paper, we study the same processes at polarized
photon colliders and take into account the recent bound on
the top-pion mass from the precision data of Rb [8]. We
shall see that, considering only statistical uncertainties, a
polarized photon collider built from a

���
s

p
� 500 GeV LC

with an integrated luminosity of 500 fb�1 is sufficient for
distinguishing the improved technicolor models.

It has been shown that the polarization of the initial laser
beam and the electron beam will significantly affect the
photon spectrum at the photon collider [9]. Let Pc be the
polarization of the initial laser, �e be the polarization of the
electron in the first beam, and ~Pc and ~�e be the correspond-
ing parameters in the second beam, respectively. It is
dress.
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shown in Ref. [9] that the colliding photons will peak in
a narrow region near the high energy end (80% of the
electron energy) if 2�ePc � �1. This improves the mono-
chromatization and enhances the effective energy of the
colliding photons at the photon collider. We shall see that
this effect leads to the possibility of distinguishing differ-
ent improved technicolor models at a polarized photon
collider built from a

���
s

p
� 500 GeV LC.

Let Ee, !0, !, and
���
s

p
�

���̂
s

p
� be the incident electron

energy, the laser-photon energy, the backscattered photon
energy, and the center-of-mass energies of e�e� (��),
respectively. The photon luminosity dL�� is [10]

dL�� � 2zdz
Z xmax

z2=xmax

dx
x
F�=e�x�F�=e�z

2=x�; (1)

with z �
�������
ŝ=s

p
, and xmax � !max=Ee,
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where � � 4Ee!0=m
2
e. In order to avoid the creation of

e�e� pairs by the interaction of the incident and back-
scattered photons, � should not be larger than 4.8 [9]. As in
Ref. [7], we take � � 4:8, then xmax � 0:83 and D��� �
1:8. The formula for the counting rate of �� ! X at a
polarized photon collider has been given in Ref. [9]. It is

d _N��!X � dL���d���d�� �2 ~�2d�a � �2d�20

� ~�2d�02�; (2)

where �i �~�i�, i � 1; 2; 3 are Stokes parameters [9],
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�2 �
C20

C00
;

C00 �
1

1� x
� 1� x� 4r�1� r� � 2�ePcr��2r� 1��2� x�;

C20 � 2�er�	1� �1� x��2r� 1�2
 � Pc�2r� 1�
�

1

1� x
� 1� x

�
;

x �
!
Ee
;

r �
x

��1� x�
;

�ij, i; j � 0; 1; 2; 3 are cross sections defined in Ref. [11],
� � h�3 ~�3 � �1 ~�1i [9], and d�, d�a are [9]

d�� 1
4�jM��j

2�jM��j
2�jM��j

2�jM��j
2�d�;

d�a� 1
4�jM��j

2�jM��j
2�jM��j

2�jM��j
2�d�;

(3)

in which the subscripts � and � indicate that the photon
helicity is �1 and �1, respectively, and

d� �
�2!�4

4k~k
#
�
k� ~k�

X
f

pf

�Y
f

d3pf
�2!�32&f

;

where k, ~k and pf are four momenta of the colliding
photons and the fth final state particle, respectively.
After averaging over the azimuthal angles, d�20 and
d�02 vanish, and �d�a is negligibly small. So Eq. (2)
becomes

d _N��!X � dL���d�� �2 ~�2d�a�: (4)

The corresponding cross section ��s� at an LC with center-
of-mass energy

���
s

p
can be obtained by further integrating

Eq. (4) over the parameter z [10]

��s� �
Z xmax

2mt=
��
s

p

d _N��!X
dz

dz: (5)

For the detection of the final state t�t, we know that the
dominant decay mode of the top quark is t! W�b. TheW
boson will then decay into either two leptons l�*l or two
quarks q �q0. We take the hadronic mode q �q0 for detecting
the final state signal. The branching ratio of W ! q �q0 is
B�W ! q �q0� � 68% [1]. So the signal contains six jets
including two b-quark jets. To separate the six jets, we
follow Ref. [12] to impose a cut on the clustering of jets.
Let ŷ be the jet-invariant masses normalized by the visible
energy. The imposed cut is [12]

ŷ > ŷcut � 5� 10�3: (6)

A possible background is �� ! W�W�Z with Z! b �b.
We know that, at

���
s

p
� 500 GeV, the cross section

���� ! W�W�Z� is about a factor of 2 smaller than
���� ! t�t� [13], and the branching ratio of Z! b �b is
B�Z! b �b� � 15%, so that this background is smaller than
the signal by an order of magnitude.
115012
Another possible background is ��! W�W� in which
the hadronization of quarks forms six jets [12]. In an e�e�

collision, the background cross section ��e�e� !
W�W�� is much larger than the signal cross section
��e�e� ! t�t� [13]. However, after taking the cut (6), the
signal-to-background ratio can be made greater than 10
[12]. At the photon collider with

���
s

p
� 500 GeV, the sig-

nal cross section ����! t�t� is about the same as
��e�e� ! t�t�, while the background cross section
����! W�W�� is about a factor of 10 larger than
��e�e� ! W�W�� [13]. Hence, at the photon collider,
the signal-to-background ratio after imposing the cut (6) is
about 1. So we have to tag at least one b jet to suppress the
background. We know that the b-tagging efficiency at LEP
and at the Tevatron is around �50–60�%. We shall take 50%
for the b-tagging efficiency in the following study.

Our calculation shows that the cut (6) reduces the signal
cross section ����! t�t� by a factor of 47% in both the
SM and the technicolor models for the parameter range
under consideration. To be more realistic, we take into
account the fact that the detector cannot detect jets in
certain forward and backward zones along the beam line.
As a conservative estimate, we take the polar angle (rela-
tive to the beam line) of the undetectable zones to be 0 <
20� and 0 > 160�. So we require all six jets to be in the
detectable region 20� < 0< 160�. Practically, b tagging is
effective only in the region 30� < 0< 150�. So we further
require the tagged b jet and/or �b jet to be in this effective
region. There can be two possible cases:
(a) B
-2
oth b and �b jets are in the b-tagging effective
region 30� < 0< 150�, while the other four jets
are in the detectable region 20� < 0< 160�. Our
calculation shows that the probability of satisfying
this requirement is 58.3%. In this case, it is possible
to tag both the b and the �b jets. Now we only need to
tag one of them without specifying whether it is b or
�b. For each one of them, the probability of not being
tagged is 50%. So the probability of both of them
not being tagged is 25%. Therefore our actual
b-tagging efficiency in this case is 75%.
(b) O
ne tagged b (or �b) jet is in the b-tagging effective
region 30� < 0< 150�, and the untagged �b (or b)
jet is in the detectable but not b-tagging effective
region 20� < 0< 30�. The other four jets are in the
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detectable region 20� < 0< 160�. Our calculation
shows that the probability of satisfying this require-
ment is 10%. In this case the b-tagging efficiency is
50%.
TABLE I. Technipion corrections to the ��! t�t cross section
'�, the relative correction '�=�0, the total cross section � �
�0 �'�, and Nevents for an integrated luminosity of 500 fb�1

taking account of the 10% detection efficiency at a 500 GeV
e�e� linear colliderfor with 2�ePc � �1 for various values of
m&a in model A (the SM cross section is �0 � 196 fb).

m&a (GeV) '� (fb) '�=�0 (%) � (fb) Nevents

250 �31 �15:8 165 8250
300 �26 �13:3 170 8500
350 �22 �11:2 174 8700
400 �19 �9:7 177 8850
500 �14 �7:1 182 9100
Taking into account both of these two possible cases and
theW decay branching ratio B�W ! q �q0� � 68%, our final
detection efficiency is

�68%�2 � 47%� �58:3%� 75%� 10%� 50%� � 10%:

(7)

In recent years, two of the e�e� linear collider projects
have been actively pushed. They are the DESY TeV
Energy Superconducting Linear Accelerator (TESLA)
with the designed luminosity of 3:4� 1034 cm�2 sec�1

[14] corresponding to
R
yr Ldt � 340 fb�1, and the KEK

Joint Linear Collider (JLC) with the designed luminosity
of �8–9� � 1033 cm�2 sec�1 [12] corresponding toR
yr Ldt � �80–90� fb�1. As usual, we shall take an inte-

grated luminosity of 500 fb�1 and the 10% detection effi-
ciency to estimate the numbers of events (Nevents) of
�� ! t�t. In this paper, only statistical errors are taken
into account.

In the following, we calculate the helicity amplitudes in
Eq. (3) for �� ! t�t in various improved technicolor mod-
els. As what we did in Ref. [7], for avoiding singularities
arising from the very forward or very backward scatterings,
we take the rapidity and transverse momentum cuts

jyj< 2:5; pT > 20 GeV; (8)

which will also increase the relative corrections.
As in Ref. [7], we study the PGB contributions to �� !

t�t in three technicolor models, namely, model A: the one-
family walking technicolor model by Appelquist and
Terning [2], model B: the top-color-assisted technicolor
model by Hill [3], and model C: the top-color-assisted
multiscale technicolor model by Lane [4]. The PGBs in
these three models are quite different. This is the main
reason why the three models can be distinguished. The
formulas for the PGB-t�t couplings in the three models and
the production amplitudes are given in Ref. [7].

Model A.—In model A, color-singlet PGBs are com-
posed of technileptons, which do not couple to t�t. Thus
there is no s-channel resonance contribution in this model.
The relevant PGBs are the color-octet technipions contain-
ing the SU�2�W singlet &0

a and the SU�2�W triplet &3
a .

Their masses are in the few hundred GeV range, and their
decay constant is fQ � 140 GeV [2]. The coupling of
these PGBs to the t�b� quark is [2]

���
2

p
mt
fQ

�
i�t�5

�a

2
t&0
a � i�t�5

�a

2
t&3
a �

1���
2

p �t�1� �5�

�
�a

2
b&�

a �
1���
2

p �b�1� �5�
�a

2
t&�
a

�
: (9)
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These color-octet PGBs contribute to ��! t�t only
through radiative corrections which are small. We list, in
Table I, the obtained &a corrections to the ��! t�t cross
section '�, the relative correction '�=�0 (�0 stands for
the SM cross section), the total cross section � � �0 �
'�, and Nevents for an integrated luminosity of 500 fb�1 at
a polarized photon collider from a 500 GeV LC with the
polarization 2�ePc � �1 for m&a in the range 250<
m&a < 500 GeV given in Ref. [2]. We see that the correc-
tions '� are negative which are mainly from the interfer-
ence between the PGB amplitude and the SM amplitude.
The absolute square of the PGB amplitude is not large in
this model. We see from Table I that the total cross sections
� are much larger than those given in Ref. [7] due to the
enhancement of the effective photon energy in the high
energy region at the polarized photon collider. We see that
Nevents for an integrated luminosity of 500 fb�1 taking
account of the 10% detection efficiency are �8–9� � 103.
The corresponding 95% statistical uncertainties are about
2%. Comparing with the relative corrections '�=�0 �
��7–16�% listed in Table I, we see that the &a correction
effect can be clearly detected.

Model B.—Model B contains a technicolor sector and a
top-color sector. The technicolor sector contributes only a
small portion of the top quark mass, say m0

t � &mt (&�
1), while most of the top quark mass is contributed from the
top-color sector, say mt �m0

t � �1� &�mt. The b! s�
experiment requires & < 0:1 [15]. In this paper, we take a
typical value & � 0:08, i.e., m0

t � 0:08mt � 14 GeV as an
example to do the study.

In the technicolor sector, the coupling of the color-octet
technipion to the t�b� quark is similar to Eq. (9) but with
mt=fQ replaced by m0

t=f& [7], i.e.,
���
2

p
m0
t

f&

�
i�t�5

�a

2
t&0
a � i�t�5

�a

2
t&3
a �

1���
2

p �t�1� �5�

�
�a

2
b&�

a �
1���
2

p �b�1� �5�
�a

2
t&�
a

�
: (10)

In addition to the color-octet technipions, there are also
color-singlet technipions &0 and &3, composed of techni-
-3



FIG. 1 (color online). t�t invariant mass distribution in model B
for m&t � 300 GeV and m& � 300, 400, and 500 GeV.

TABLE II. Technipion and top-pion corrections to the ��!
t�t cross section '�, the relative correction '�=�0, the total
cross section � � �0 �'�, and Nevents for an integrated lumi-
nosity of 500 fb�1 taking account of the 10% detection effi-
ciency at a 500 GeV e�e� linear colliderfor with 2�ePc � �1
for m0

t � 14 GeV, m&3 � 300 GeV, and various values of m&0
t

and m&0 in model B (the SM cross section is �0 � 196 fb).

m&t � 300 GeV
m&0 '� (fb) '�=�0 (%) � (fb) Nevents

300 �86:2 �44:0 110 5500
400 �47:2 �24:1 149 7450
500 �87:4 �44:6 109 5450

m&t � 400 GeV
m&0 '� (fb) '�=�0 (%) � (fb) Nevents

300 112 57.1 308 15 400
400 158.3 80.8 354 17 700
500 115 58.7 311 15 550
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quarks, with the decay constant f& � 120 GeV, and
masses in the few hundred GeV range. The coupling of
these color-singlet PGBs to t�b� quarks is [7]

ctm0
t���

2
p
f&

�
i�t�5t&0 � i�t�5t&3 �

1���
2

p �t�1� �5�b&�

�
1���
2

p �b�1� �5�t&
�

�
;

ct � 1=
���
6

p
:

(11)

In the top-color sector, there are color-singlet top pions
&0
t and &�

t with the decay constant f&t � 50 GeV. The
coupling of the top pions to the t�b� quark is [7]

mt �m0
t���

2
p
f&t

�
i�t�5t&

0
t �

1���
2

p �t�1� �5�b&
�
t �

1���
2

p �b�1

� �5�t&
�
t

�
: (12)

Recently, it has been pointed out that the LEP precision
data of Rb gives important constraint on the top-pion mass
[8]. With & � 0:08, the 2� bound from Rb on the top-pion
mass in this model is roughly 300 � m&t � 900 GeV [8].
The naturalness of the model favors lower values of m&t .
So we take 300 � m&t � 500 GeV in this study. In
Ref. [7], m&t was taken to be in the range of 180–
300 GeV according to the original paper, Ref. [3]. Such a
range is below the recent lower bound. We shall see that the
updated heavier &t will make the situation quite different
at the polarized photon collider from the 500 GeV LC.

The color-singlet PGBs &0, &3, and &0
t couple to the

initial state photons through triangle fermion loops (tech-
niquark loops and top quark loops), so they can contribute
s-channel resonances in ��! t�t. The triangle fermion
loops are enhanced by the anomaly, so that the s-channel
resonance contributions can be of the order of tree level
contributions. These s-channel resonance contributions are
dominant in models B and C. If the PGB mass is greater
than 2mt, it can decay into t�t. The decay rate is determined
by the PGB-t� �t coupling strengths given in Eqs. (11) and
(12). Since mt �m0

t=f&t in Eq. (12) is large, the width of
&0
t will be large if its mass is greater than 2mt. In this case,

the s-channel resonance effect from &0
t is not so signifi-

cant. On the other hand, m0
t=f& in Eq. (11) is small, so that

the resonance effects from &0 and &3 are significant even
if their masses are greater than 2mt. The width of &3 is
very small which is hard to detect experimentally [7]. So
we concentrate on examining the s-channel resonance
effect of &0 and simply take a typical mass of m&3 �
300 GeV for &3.

The obtained '�, '�=�0, �, and Nevents for an inte-
grated luminosity of 500 fb�1 taking account of the 10%
detection efficiency for m&0

t
� 300 and 400 GeV, and

m&0 � 300, 400, and 500 GeV in this model are listed in
Table II. We see that, in the case ofm&0

t
� 300 GeV, '� is
115012
more negative than in model A because there is s-channel
&0
t and &0 resonance contributions in addition to the

radiative corrections, and the s-channel resonance contri-
butions are mainly from the interferences between the PGB
amplitudes and the SM amplitude. In the case of m&0

t
�

400 GeV, '� becomes positive. This is because the abso-
lute squares of the &t and &0 resonance amplitudes are
large in this case due to the enhancement of the photon
spectral luminosity in the region around 400 GeV (80% of
the e�e� energy) in the case of 2�ePc � �1 at the polar-
ized photon collider [9].

To have an insight of the detailed situation, we plot the t�t
invariant mass distributions in Figs. 1 and 2 for the six sets
of parameters in Table II. Figure 1 shows the invariant mass
distributions for m&t � 300 GeV, m& � 300, 400, and
-4



FIG. 2 (color online). t�t invariant mass distribution in model B
for m&t � 400 GeV and m& � 300, 400, and 500 GeV.

TABLE III. Technipion and top-pion corrections to the ��!
t�t cross section '�, the relative correction '�=�0, the total
cross section � � �0 � '�, and Nevents for an integrated lumi-
nosity of 500 fb�1 taking account of the 10% detection effi-
ciency at a 500 GeV e�e� linear colliderfor with 2�ePc � �1
form0

t � 14 GeV and various values ofm&t and m&0 in model C
with m&3 � 300 GeV (the SM cross section is �0 � 196 fb).

m&t � 300 GeV
m&0 '� (fb) '�=�0 (%) � (fb) Nevents

300 �22:1 �11:3 174 8 700
400 469.2 239.4 665 33 250
500 �92:3 �47:1 104 5 200

m&t � 400 GeV
m&0 '� (fb) '�=�0 (fb) � (fb) Nevents

300 79.1 40.4 275 13 750
400 1647.3 840.5 1843 92 150
500 125.7 64.1 322 16 100
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500 GeV. We see that all curves are enhanced in the region
around 400 GeV which is just the effect of the photon
spectral luminosity. In the m&0 � 400 GeV distribution,
we see a clear peak at 400 GeV. In the m&0 � 300 and
500 GeV distributions no clear peaks can be seen. This is
because the probability of the center-of-mass energy of the
two colliding photons being 300 or 500 GeV is very small
as can be seen from the photon spectral luminosity [9]. We
cannot see the top-pion resonance since the width of the top
pion is much larger. Figure 2 shows the invariant mass
distributions for m&t � 400 GeV. The behaviors are simi-
lar but the enhancement around 400 GeV is stronger due to
the s-channel contribution of the m&t � 400 GeV top
pion.

In the case of m&t � 300 GeV, Nevents is �5:4–7:5� �
103 (cf. Table II). The 95% C.L. statistical uncertainties are
thus (2–3)%. Comparing with the relative corrections
'�=�0 � �24–45�% in Table II, we see that these correc-
tion effects can be very clearly detected. For distinguishing
model B from model A, we see that the relative difference
between the total cross sections in models A and B is
	��A� � ��B�
=��A� � �15–40�%, so that these two mod-
els can be very clearly distinguished.

In the case of m&t � 400 GeV, Nevents is �1:5–1:7� �
104. The corresponding 95% C.L. statistical uncertainties
are (1.5–1.6)%. Now the relative corrections are '�=�0 �
�57–81�% in Table II, so that these correction effects can be
very clearly detected. The relative difference between the
total cross sections in models A and B is now 	��A� �
��B�
=��A� � ��71–100�%, thus these two models can
be very clearly distinguished.

Model C.—Model C is similar to model B, but the decay
constant of the color-singlet technipions is f& � 40 GeV
rather than f& � 120 GeV [4]. Moreover, the coupling
constant ct in Eq. (11) and the &0-�-� coupling are also
115012
different from those in model B [4,7]. The smallness of f&
makes the coupling constants m0

t=f& in Eqs. (10) and (11)
larger than those in model B by a factor of 3. These changes
enhance the s-channel &0 resonance effect in model C
significantly. Furthermore, the 2� Rb bound on the top-
pion mass in this model is roughly 250 � m&t � 560 GeV
[8]. To compare with model B, we also take the range
300 � m&t � 500 GeV in this study.

As in the case of model B, we examine the cases of
m&t � 300 and 400 GeV, and m&0 � 300, 400, and
500 GeV, with a typical value of the &3 mass, m&3 �
300 GeV. The obtained values of '�, '�=�0, and � are
listed in Table III. We see that '� is negative only in the
case of m&t � m&0 � 300 GeV. In all other cases, '� is
positive because the absolute square of the &0 resonance
amplitude is large due to the largeness of the coupling
constant m0

t=f&. This effect is very significant in the case
of m&t � m&0 � 400 GeV.

In Figs. 3 and 4, we plot the t�t invariant mass distribu-
tions in model C for m&t � 300 and 400 GeV and m&0 �

300, 400, and 500 GeV. Again, we see the clear &0

resonance peak at 400 GeV, but the width of the resonance
is much larger than that in Figs. 1 and 2 due to the largeness
of the &0 ! gluons and &0 ! t�t widths.

In the case of m&t � 300 GeV, Nevents is �5:2–33� �
103. The corresponding 95% C.L. statistical uncertainties
are then (1–3)%. Compared with the large relative correc-
tions '�=�0 listed in Table III, we see that the PGB effects
in model C can be clearly detected. Comparing the relative
corrections '�=�0 listed in Table III and Table II, we see
that the difference between model C and model B is
significant for m&0 � 300 and 400 GeV. For m&0 �
500 GeV, the relative difference is 	��B� �
��C�
=��B� � 	109� 104
=109 � 5% which is also be-
-5



FIG. 5 (color online). Comparison of the t�t invariant mass
distributions in model C for m&t � m& � m&a � 300 GeV
and model A for m&a � 350 GeV.

FIG. 3 (color online). t�t invariant mass distribution in model C
for m&t � 300 GeV and m& � 300, 400, and 500 GeV.
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yond the statistical uncertainties. Thus models C and B can
be clearly distinguished from the production cross sections.

We see from Table III and Table I that, for most values of
the PGB masses, model C can be distinguished from
model A. The only case which needs to be studied more
carefully is distinguishing the cases of model C with
m&t � m&0 � 300 GeV from model A with m&a �

350–400 GeV. From Table III and Table I, we see that
the total cross sections for these two cases are almost the
same, so that they cannot be distinguished by merely
measuring the total cross sections. Since the numbers of
events are around 8700–8850, it is possible to measure the
t�t invariant mass (Mt�t) distribution. In Fig. 5 we plot the
Mt�t distributions for the two cases.
FIG. 4 (color online). t�t invariant mass distribution in model C
for m&t � 400 GeV and m& � 300, 400, and 500 GeV.
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To make it more realistic, we should further take into
account the effect of energy resolution. According to
Ref. [16], the energy resolution is 'E=E � 0:33=

����
E

p
. We

then smear the calculated Mt�t by taking convolutions with
this resolution. The obtained smeared Mt�t distributions for
the above two cases are shown in Fig. 6. We see that they
are different, especially in the vicinities of 365 and
400 GeV where the differences are of the level of (10–
40)%. According to the energy resolution, the resolution
FIG. 6 (color online). Comparison of the smeared t�t invariant
mass distributions in model C for m&t � m& � m&a �

300 GeV and model A for m&a � 350 GeV according to the
resolution 'E=E � 0:33=

����
E

p
.
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for measuring the Mt�t distribution around 400 GeV is
'Mt�t � 0:33�

��������
400

p
GeV � 6:6 GeV, so that the above

two cases in models A and C can be distinguished by
separately measuring the numbers of events in the regions
355 � Mt�t � 375 GeV and 390 � Mt�t � 410 GeV.

In the case ofm&t � 400 GeV, we can see that model C
is very different from the SM, and all three models can be
distinguished.

In summary, we have studied the possibility of testing
and distinguishing three improved technicolor models
(models A, B, and C) via t�t productions at a polarized
photon collider with 2�ePc � �1 from a 500 GeV e�e�

linear collider with an integrated luminosity of 500 fb�1.
115012
The signal contains six jets from t! W�b and W ! q �q0.
Backgrounds can be suppressed by taking the cut (6) and
tagging a b quark jet. Considering the possible detection
ability of the detector and the usual b-tagging efficiency,
the detection efficiency is 10%. We see that, considering
only the statistical error, the three improved technicolor
models can all be well tested and can be distinguished from
each other by measuring the �� ! t�t production cross
section and the t�t invariant mass distribution.
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