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Abstract. We calculate the correction of the TC2 dynamics to the production cross section of the process

et

e~ — tt in the top color-assisted multiscale technicolor model. Our results show that the corrections

mainly come from the effects of the top color gauge boson Z’ in the s-channel. The total corrections to
cross sections oz, and or are very large; this can be detected at NLC. The total corrections to the polarized
parameters P{ and P} may be observed at NLC in most of the parameter space.

1 Introduction

The top quark is the heaviest particle yet found experi-
mentally. Its mass, m; = 173.845.0 GeV [1], is of the or-
der of the electroweak symmetry breaking (EWSB) scale
v = 246 GeV. This means that top quark couples rather
strongly to the EWSB sector so that the effects from new
physics would be more apparent in processes with the top
quark than with any other light quarks. Experimentally, it
is possible to separately measure various production and
decay form factors of the top quark at the level of a few
percent [2]. Thus, theoretical calculations of various cor-
rections to the production and decay of the top quark are
of much interest for testing for new physics.

A top quark pair can be produced at various high-
energy colliders. At the Next Linear Collider (NLC), a
top quark pair can be produced in sufficient abundance.
The luminosity, which is expected to be on the order of
50-100 fb~! /yr, is sufficient to provide a yearly sample of
a few times 10% top quark pairs [3]. The event environment
in eTe™ collisions is clean, so that precision measurements
are possible. Therefore, NLC is an ideal tool for studying
the properties of the top quark. The high degree of elec-
tron polarization attainable at NLC will be very useful
in probing the top quark couplings to the photon and Z
boson which come from new physics.

Technicolor [4] is an interesting idea for naturally
breaking electroweak gauge symmetry to give rise to the
electroweak gauge bosons masses. To generate ordinary
fermions masses, extended technicolor (ETC) models have
been proposed [5]. However, ETC models cannot explain
the large mass of the top quark without conflict with pre-
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cision electroweak measurements or unacceptable fine tun-
ing of parameters. On the other hand, models with EWSB
induced by strong top color interactions that are consis-
tent with precision electroweak measurements require top
color energy scales much higher than the electroweak scale
and, therefore, very severe fine tuning. These problems can
be solved in top color-assisted technicolor (TC2) theory
[6]. Thus TC2 theory is one of the important promising
candidates of the EWSB mechanism.

In TC2 theory, the majority of the W+ and Z masses
come from the technifermion condensate; the ETC inter-
actions give contributions to all ordinary quark and lepton
masses, while the mass of top quark is mainly generated by
the top color interactions. The part of the mass of the top
quark generated by ETC interactions is m; = em; with
0.03 < e < 0.1 [6]. Thus, TC2 theory predicts two kinds
of gauge bosons, which are ETC gauge bosons (sideways,
diagonal) and top color gauge bosons (coloron B4, Z").
The coloron B4 is a color octet and Z’ is a color sin-
glet. The coloron B# only couples to ordinary quarks.
In order to cancel anomalies, the gauge boson Z’ can
also couple to leptons. Thus, Z’ can give a new contribu-
tion to the top quark production at NLC via the process
ete™ — Z™ — tt. It is possible that these gauge bosons
can generate significant corrections to the Ztt couplings g},
and gh [7,8]. These imply that the TC2 dynamics would
generate significant corrections to the physical observables
such as the cross sections oy, or,or,(—+) and or(—+) of
the process eTe™ —tf. Here op,(oR) is the total cross sec-
tion of the process efter (e eq ) —trlr +trEL. oLr)(—+)
and op,(g)(+—) are the total cross sections of the process
efer (ef eg)—trtr and efer (ef eg)—trfL. In this pa-
per, we will first calculate the corrections of Z’ to the cross
sections oy, or in the s-channel. Second, we will calculate
the corrections of ETC and the top color gauge bosons to
01,,0r which arise from their radiative corrections to the
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Ztt vertex, and compare these values with the values given
by Z’ in the s-channel. Finally, we will further calculate
the total corrections of the TC2 dynamics to the polarized
parameters P{ = (o1(—+) o (+))/ (o1 (—+)+o1.(+-))
and P§ = (or(—+)—0or(+-))/(or(~+)+0or(+-)) which
can be measured with a high precision at the NLC exper-
iments. We expect that our results are useful in testing
TC2 theory at the future ete™ collider experiments.

This paper is organized as follows. In Sect. 2, we give
the new couplings which relate to the process ete™ — tt.
In Sect. 3, we calculate the corrections of ETC and the
top color gauge bosons to the cross sections oy, or. The
total corrections of the TC2 dynamics to the polarized pa-
rameters Pf, Pt are calculated in Sect. 4. Our conclusions
are given in Sect. 5.

2 The new couplings related
to the process ete™ — tt

For simplicity, we consider top color-assisted multiscale
technicolor (TOPCMTC) model, in which the simple mul-
tiscale technicolor model studied in [9] is assisted with top
color interactions for the third generation. The top color
sector of this model is the same as in the usual TC2 theory.
In the TOPCMTC model, the dynamics at the A ~ 1TeV
scale involves the following structure [6]:

SU(3)15U(3)2U(1),1U(1)y2SU (2)1,
— SU(?))QCDU(l)EM , (1)
where SU(3)1 x U(1),1(SU(3)2 x U(1),2) generally cou-
ples preferentially to the third (first and second) gener-
ations. The U(1),2 are just strongly rescaled versions of
electroweak U(1)y. This breaking scenario leaves a resid-
ual global symmetry, SU(3)" x U(1)’, implying a degen-
erate, massive color octet of colorons B;‘ and a singlet
heavy Z ;/L The couplings of the new heavy gauge bosons

Z' and B to the ordinary fermions are given by
Ly = \/4nk Z' - Jz1, L= V4rkB*-J5. (2)

Here ki (k) are the Z’ (coloron B#) coupling coefficients.
Considering the requirement of vacuum tilting and the
constraint from Z-pole physics and U(1) triviality, we
have the region of coupling constant parameter space k =
2,k; < 1 [10]. In our calculations, we will take k = 2
and k; = 1. The currents Jz» and Jp in general involve
all three generations of fermions. For the first and third
generations, the currents can be written as

JY = —tan?@’

1 1- 2 1-
X | Zupyfur + —diytdy + SRy ur — L dry dr
6 6 3 3
17 12 1* M - M
= §Peryver — jeLY eL —ErYer | (3)

m
JBl

)

) . ,u/\A . #AA
—tan® 6 [ uy 7u—|—d’y 7d , (4)
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1_ 1-
g3 = étL'}/utL + 6bL’YﬂbL

2_ 1-
+ gtR’Y#tR - gbR’YﬂbR +oey

()
(6)

where @ (#') is the mixing angle and A\ is a Gell-Mann
matrix acting on the color indices. Thus, the new couplings
given by the top color interactions which for the process
eTe™ — tf can be written as

gg’zl = 2gE’Z, = 2tan®0'\/7ky,
’ ’ 4
P N o

At low energy, the effects of the ETC gauge bosons can
be described by the effective four-fermion interactions. Us-
ing the effective Lagrangian approach, the technifermion
currents in the effective four-fermion interactions can be
replaced by the corresponding sigma currents [11]. Then
the new Ztt couplings gi’E and gﬁE given by the ETC
dynamics can be written as [8]

g —lemy [Nrc 2Nc¢ 2
I = 4 1k \ Ne (NTC+1 +§L)’ (8)
T]-th Nrc ( 2N¢ _ 1> 552’ (9)

7F\V Ne \ Npe +1

where F' is the decay constant of the technipions and N
is the technicolor index. In the TOPCMTC model, we
have F' = 40GeV and Npc¢ = 6 [9]. From (8) and (9)
we can see that the new Ztt couplings are dependent on
the parameters ¢ and &;,. It has been pointed out that the
parameter € is in the range of 0.03<e<0.1 [6]. For the free
parameter &, we will take the reasonable value &, = 1 [8].

It has been shown [12] that ETC interactions cannot
give the new 7tt coupling. Thus we have g7-F = 0.

From (5) and (6) we can see that the coloron B“ and
Z' can generate corrections to the Ztt couplings ¢!, gk.
Similar to the computation of [13], we can give the ra-
diative corrections to the Ztt vertex. Thus, the new Ztt
couplings gi’t, gﬁt arising from the top color gauge bosons
can be written as

¢t kCrm? M2\ , kim?, M2\ ,

9. = 67TM]23 In (m22> 9L + 67TM%,1H < mQZ ) 9L (10)

B )\A _ )\A
Jg’?’ = t’yl—t?t + b’}/#?b,

tHE
gr =

ECpm? M? kym? M?2

t,t Fllvgz B t 1z z' t

Jr = —=In| —% | gg + In g 11
6’/TM28 <m22> R 6nM Z2, ( mQZ ) R ( )

where Mp (Mz/) is the coloron (Z’) mass and Cp is the
color factor with Cr = 4/3. Y{' and Y§ are the hyper-
charges with V' =1/3, Y = 4/3 [10].

TC2 theory predicts some technipions and three top pi-
ons. These new particles may generate significant one-loop
corrections to the Ztt vertex. However, these corrections
are “low-energy” contributions. In this paper, we only con-
sider “high-energy” contributions which come from the
TC2 dynamics. Thus, the total new Ztt couplings can be
written as

R E , R E .
ghft = ghB gt ghR— ghE  glt, (12)



Chongxing Yue et al.: TC2 dynamics and top quark production at NLC

3 The corrections of ETC and top color
gauge bosons to the cross sections oy, or

At the NLC experiments, top quark pairs can be produced
in sufficient abundance. The main production mechanism
proceeds at the Born level by the s-channel annihilation
of an initial electron—positron pair into virtual photons or
neutral electroweak gauge bosons, and their subsequent
splitting into a top—antitop pair,

ete™ — %, 29 — L. (13)
At lowest order the polarized cross sections oy, oR in the
SM can be written as [12]

) 2

S 02 2 2
o= 550 (5) + (sfe

X (9m) 13+ B7)[(91)* + (9r)*] + 6(1 — B*)g1.9k]
1
) (S my)? +mzI3 (4
2 4 e (g +g )(S m2)
- (3 o >S2 2 G](5— m2)? +mZZF2]}

In TC2 theory, the exchange of Z’' can produce the top
quark pairs via the process ete™ — Z* — tt. Thus the
Z' has a contribution to the cross sections oy, or in the
s-channel. The expressions produced by the Z’ exchange
can be written as

top color ﬂs
601" = o { (9L )23+ 6%
,Z'\2 t,Z'\2 o t,Z" t,7'
X[(QL ) + (957 )] +6(1 - B%)gp ]
1
“S—MZ)?+ ML IZ,
8 90 ez, 1,7 | 7' (3—3*)(S — M)
T3 9w T TR ) G A A g
2e 2 e, 7’

52 gz I3 + )gtar” +301 - B)gkak”

(S —m%)(S—MZ,)+mzMz 'z (15)
(S —m2%)2+m%ZI2][(S—M2,)2+M212])’

where S'/2 is the center-of-mass energy, 3 = (1—4m?/S)'/?

and
e 1 2 e 2
gL = "5 +Sws  9r = Sw> (16)
1 2 2
QtL = 9 553\/, gfa SW7 (17)

with S%, = sin62; 6, is the Weinberg angle. In (15),
5 E(E%)color
In our calculations, we will take the reasonable value S%V =
0.2315, mz = 91.867 GeV [15] and Mz = 1TeV [10].
I'z(I'z/) is the total decay width of Z(Z'). From [15], we
know I'z = 2.4939 GeV. For the top color gauge boson Z’,

also contains v, Z’ and Z, Z' interference terms.
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the decay width is dominated by £+ bb for large cot 6’ [16]
and we have

g3 cot? ¢ k1
Iy ~ 1on My = 3 Mz (18)
In our calculations, we will take k; = 1. The choice k; = 1
corresponds to tan? ¢’ = 0.01 [17]. From Sect. 2, we can
see that the TC2 dynamics can give the new Ztt couplings
g£R7 gf-{R This implies that the TC2 dynamics can gen-
erate corrections to o, and ogr via one-loop corrections of
the ETC and top color gauge bosons to the Zit vertex.

The formulas can be written as

ﬁS 62 ? e 2
39 m (gL(R))

[2(3 +8%)(ghgt™ + ghor™)

X

+6(1—B2)(ghgr" + 9%933)]
1
(S —m%)?+m2%IT2

g8 et e t,R t,
gmﬂL(R)(QL +95 )

X

x S —mj (19)
S[(§ = m%)* + myI7]

In the above equation, we have neglected the high order
terms.

To compare the corrections of Z’ in the s-channel to
oL,or with the radiative corrections of the TC2 dynamlcs
to o1, or, we plot the relative corrections doy°P color Sof?

Sop? COloréa versus S'/2 in Fig. 1 and Fig. 2, in which the
solid, dashed and dotted lines stand for ¢ = 0.05,0.08 and
0.1, respectively. From Fig. 1 and Fig. 2, we can see that
the corrections of the TC2 dynamics to the cross sections
o1, or mainly come from the effects of Z’ in the s-channel.
The contributions of the new Ztt couplings can be safely
ignored in most of the range of the center-of-mass energy
S1/2 = 500-1500 GeV. The relative corrections are not
sensitive to the value of parameter €. For simplicity, we will
take the fixed value € = 0.08 in the following calculation.

To see the correction effects of the TC2 dynamics on
the cross sections o1, or, we plot the relative corrections
sototal /oM and ot /oM as functions of S'/2 in Fig. 3
and Fig. 4, respectively. The corrections of the TC2 dy-
namics to the cross section of the process ete™ — tt are
very large for 800 GeV < S1/2 < 1500 GeV. For SY/2 =
500 GeV, we have dototal /oM = 18% and doiot®! /opM =
95%. If it really exists, the future ete™ collision experi-
ments will certainly be able to detect the effect of the TC2
dynamics on the top quark production.
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4 The corrections of the TC2 dynamics
to the polarized parameters P}, P}

At the lowest order, the cross sections opg)(+—),

o) (—+) predicted by the SM can be written as [14]
2
SM _ BSB+ ) |4 (€
e i CAV

62 ’ e 20 t\2
+ <S\27VCK%V) (gL(R)) (9r)
1

X
(S—m2)2+m2I3

4 et S —m%
T 35%.CE, 9L 90 575 = mZ)? +m4I2] |’

4 [ e? 2
i (5)

) (6 )2 (012

(20)

BS(3+ 5°)

oLl (—H) = gz,

(e
S Civ
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If we consider the corrections of the TC2 dynamics to
o) (+—), orm)(—+), then the total cross sections can

be written as
4 <€2 ) 2 e? 2
9\5 52 07

1
x (9E(R)>2(9£ + QER>2 (S—mZ)?

BS(3+ 5?)

oA () =

+m2I2
.2’ 4,72 1
o) 0 gz aE e
462(3 - M%/)
35[(S — MZ)2 + M2,T2/]

e, 72 t,7'
—Ir®)9L

4 et . : 4R S — m2Z
“392c2 im0 grg ey e g

t,7'
+29L(R)QL(R)9L9L
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4 [e? 2
5 (5)

X

BS(3+ 5?)

oA () = Tt

e? ’ 2t t,R\2 1
| oo L +gn
(S%VC%V> (gL(R)) (gR Ir ) (S_mQZ)Q_i_mQZF%
y / 1
e Z' \2/ t,2'\2
+(g® :
(gL(R)) (gR ) (S— M%,)2 +M2,F§,
ez t,7' 482(5—M2')
LR 3G[(5 — ME,)? + MZ,TZ]
4 et S —m%

> A5 9L (gf{ + gt R)
355, Chy T 7S((S —m)? +mLIE]
+205 (ry 91 () IRIE

(S - mQZ)(S — MQ/) + mZMZ/FZFZ’

NS —m2)2 + mLI2)[(S —m2)? + m3, T3] |

(23)

Using the above equations, we can calculate the integrated
polarization asymmetry parameters P} = [op(—+)
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—on(+-)l/lon(—+) + on(+-)] and Pi = [or(—+)
—or(+—)]/[or(—+)+0or (+-)]. The values of the involved
parameters are taken to be the same as that of Sect. 3.
To see whether the TC2 dynamics can produce signifi-
cant deviations from the SM predictions of P} and P,
we plot the diagrams for /""" /PSM and pLtotel ) pLsM
as functions of the center-of- mass energy S'/2 in Fig. 5
and Fig. 6, respectively. From Fig. 5, we can see that
phretal  pbSM Garies between —5% and —136% as S'/2
increases from 500 GeV to 1500 GeV, which can certainly
be measured at the future ete™ high-energy colliders.
The maximum value of [P-* /PESM| gecurs at §1/2 ~
1100 GeV which is approximately equal to 136%. For S1/2
< 1000 GeV, |PL™ "™/ PLM] is less than 5%, which can-

not be detected at the S'/2 = 500 GeV ete™ collider. The
correction effects of the TC2 dynamics on the polarized
parameter P} can be observed at the S1/2 = 1500 GeV
ete™ collider.

5 Conclusions

TC2 theory is the only scheme known in which there is an
explicit dynamical and natural mechanism for breaking
electroweak symmetry and generating the fermion masses
including m; = 175 GeV. In TC2 theory, there are no el-
ementary scalar fields and there is no unnatural or ex-
cessive fine tuning of the parameters. TC2 theory pre-
dicts two kinds of new gauge bosons; these are the ETC
gauge bosons and the top color gauge bosons. These new
particles can couple to the ordinary fermions. Thus, they
may produce significant corrections to the physical ob-
servables. In this paper, we consider the contributions of
the TC2 dynamics, which come from ETC and top color
gauge bosons, to the produced cross section of the process
ete™ — tt in TOPCMTC model. Our calculation results
show that the contributions mainly are generated by the
top color gauge boson Z’ in the s-channel. The total cor-
rections of the TC2 dynamics to oy, and oy are very large,
which will be detected at the future NLC experiments.
The total corrections to the polarized parameters Pf and
Pt may be observed in most of the parameter space. We
hope that these results will be of help for testing TC2
theory in the future high-energy experiments.
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