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In practice the asymmetry, which is defined based on the angular distribution of the final states in

scattering or decay processes, can be utilized to scrutinize underlying dynamics in and/or beyond the

standard model (BSM). As one of the possible BSM physics which might be discovered early at the LHC,

extra neutral gauge bosons Z0’s are theoretically well motivated. Once Z0’s are discovered at the LHC, it is
crucial to discriminate different Z0’s in various BSM. In principle such a task can be accomplished by

measuring the angular distribution of the final states which are produced via Z0-mediated processes. In the

real data analysis, asymmetry is always adopted. In the literature several asymmetries have been proposed

at the LHC. Based on these works, we stepped further on to study how to optimize the asymmetries in the

left-right model and the sequential standard model, as the examples of BSM. In this paper, we examined

four kinds of asymmetries, namely, rapidity-dependent forward-backward asymmetry, oneside forward-

backward asymmetry, central charge asymmetry, and edge charge asymmetry (see text for details), with

‘þ‘� (‘ ¼ e, �), b �b, and t�t as the final states. In the calculations with b �b and t�t final states, the QCD-

induced higher-order contributions to the asymmetric cross section were also included. For each kind of

final state, we estimated the four kinds of asymmetries and especially the optimal cut usually associated

with the definition of the asymmetry. Our numerical results indicated that the capacity to discriminate Z0

models can be improved by imposing the optimal cuts.
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I. INTRODUCTION

The LHC is a powerful machine for discovering a new
particle and examining its couplings if the new particle is at
OðTeVÞ or below. In the physics beyond the standard
model (BSM), there are usually new particles. For ex-
ample, in the simplest case, besides the standard model
(SM) gauge group SUð3ÞC � SUð2ÞL �Uð1ÞY , there can be
an extra Abelian gauge group Uð1Þ which implies the
existence of the extra gauge boson dubbed as Z0. If the
mass of Z0 is not so heavy, it can be discovered early at
the LHC. Similar to the case of J=c discovery, Z0 might
show up as the di-muon resonance. In fact numerous
phenomenological studies on Z0 at the LHC have been
carried out. After the discovery it is very important to study
its spin, couplings, etc. in order to fix the nature of the
physics behind the new particle. In principle such detailed
information can be obtained via the precise measurement
for the angular distributions of the final states into which
Z0’s decay. However, in practice the asymmetry is usually
utilized to investigate the detail properties of the new
particle if the data is not abundant. The measurement of
the asymmetry at the LEP (Tevatron), as the charge asym-
metric electron-positron (proton-antiproton) collider, has
shed light on the knowledge of the SM and constrained
the BSM severely. The LHC, as the charge symmetric

proton-proton collider, needs some special ideas to define
and measure the asymmetry.
In the literature, several asymmetry definitions have

already been proposed to study the underlying dynamics
of the BSM. Note that asymmetry is applicable to all kinds
of new physics, not limited to Z0. In this paper Z0 is only
taken as an example. In order to distinguish different Z0
models, forward-backward (FB) asymmetry at the hadron
collider is one of the most important tools which was
suggested in 1984 in the study of Z0 physics [1].
Afterwards, it was widely used in the Z0 study [2–28]
and has been developed into more convenient forms. In
fact, at the LHC there are several other types of asymmetry
definitions [29–35]. It is crucial to compare them and find
out the most suitable one for the specific purpose, e.g., to
study the specific couplings between Z0 and the SM fermi-
ons. Furthermore, each type of asymmetry definition con-
tains characteristic cuts which should be chosen properly
to make the asymmetry most significant. The most suitable
type of asymmetry and the most proper cuts associated
with asymmetry are different for different physics. In this
paper, we are going to investigate the optimal cuts for
identifying the Z0 in different models at the LHC. In this
paper two kinds of Z0 test models, namely, the left-right
(LR) and sequential standard model (SSM) are adopted.
In the previous study [8], the authors utilized the

forward-backward asymmetry defined by themselves in
order to identify the different Z0’s, which can decay into
�þ��ðeþe�Þ, b �b as well as t�t. For the final states of
�þ��ðeþe�Þ, asymmetry is calculated for the on-peak
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data sample, namely, the invariant mass of the charged
lepton pair lying within MZ0 � 3� and MZ0 þ 3�, as well
as the off-peak data sample with invariant mass lying
within 2=3MZ0 and MZ0 � 3�. Here � is the total width
of Z0. For the b �b and t�t final states, only asymmetry of the
on-peak data sample with quark pair invariant mass within
MZ0 � 2:5� and MZ0 þ 2:5� was calculated. In this paper
we extended the above analysis to more asymmetries
defined recently, namely, oneside forward-backward asym-
metry, central charge asymmetry, and edge charge asym-
metry. In our calculation for the quarks as the final states,
we included also the contributions from the higher-order
QCD-induced effects. Moreover we investigated the opti-
mal conditions which make the asymmetry more signifi-
cant. Explicitly, in our paper we are going to scrutinize
which type of asymmetry and the corresponding cuts are
the most suitable ones for the �þ��ðeþe�Þ on/off-peak
events and the b �b and t�t events, respectively.

In Sec. II, different asymmetries at the LHC are briefly
described. In Sec. III, we first calculated four types of
asymmetries at the LHC with their characteristic cuts for
the �þ��ðeþe�Þ on/off-peak events, b �b, t�t on-peak
events, respectively. Second, based on the calculations we
optimize the asymmetry for each case by choosing different
cuts. Third, we showed how to discriminate different Z0’s in
LR and SSMmodels utilizing the optimized asymmetry. In
Sec. IV, we gave our discussions and conclusions.

II. ASYMMETRYAT THE LHC

The LHC is the symmetric proton-proton collider, thus
the usual defined asymmetry is absolute zero after integrat-
ing all kinematical regions. However, if one selects events
in a certain kinematical region, the asymmetry arising at
the partonic level will be kept.

A. Forward-backward asymmetry for the partonic
level process q �q ! f �f

In order to illustrate the Z0 contribution to asymmetry,
we describe firstly the forward-backward asymmetry in
the SM. At the tree level in the SM, the FB asymmetry
of q �q ! Z=�� ! l�l gets contributions from the self-
conjugation of the Z-induced s-channel feynman diagram

d�

d cos�
/ g4s2

c4W½ðs�M2
ZÞ2 þ �2

ZM
2
Z�
½ððglLÞ2 þ ðglRÞ2ÞððgqLÞ2

þ ðgqRÞ2Þð1þ cos2�Þ þ 2ððglLÞ2
� ðglRÞ2ÞððgqLÞ2 � ðgqRÞ2Þ cos��; (1)

and the interference between this diagram and the
�-induced s-channel feynman diagram

d�

dcos�
/ g2eeqðM2

Z�sÞs
c2W½ðs�M2

ZÞ2þ�2
ZM

2
Z�
½2ðglLþglRÞðgqLþgqRÞ

�ð1þcos2�Þþ4ðglL�glRÞðgqL�gqRÞcos��: (2)

Around the Z pole, the FB asymmetry is almost determined
by the first contribution, while off the Z pole, the second
contribution plays an important role.
After introducing Z0, the situation becomes a little bit

complicated. On the Z0 pole, if the coupling of the Z0 to
fermions is not purely vectorlike nor purely axial-vector–

like, namely, jgfLj ¼ jgfRj, there will be a nonzero contri-
bution to FB asymmetry from the self-conjugation of the Z0
induced s-channel feynman diagram. Otherwise the con-
tribution from the self-conjugation of Z0 to FB asymmetry
will be zero. However, for the data sample off the Z0 pole,
FB asymmetry will be nonzero due to the interference of
the Z0 diagram and the SM Z=�� induced s-channel feyn-
man diagrams.
From the above description, we can see clearly that the

FB asymmetry relates tightly to the chiral properties of the
couplings and how to select data samples. In the BSM
which contains the Z0, the coupling of Z0 and SM fermions
is usually different. How to extract the corresponding
couplings via an asymmetry measurement and subse-
quently discriminate different BSM is the key motivation
for both the theoretical and experimental studies.
The above formulas are applicable also to q �q ! b �bðt�tÞ,

however there are additional important contributions to the
FB asymmetry from the QCD high-order processes
[29,30]. If one selects the events around the Z0 pole, the
QCD high-order contributions are suppressed. However,
such an effect will be important for the asymmetry of off-
pole events. In this paper, such QCD-induced contributions
will be included in the analysis.

B. Four asymmetries defined at the LHC

The proton-proton collider LHC is forward-backward
charge symmetric, so the asymmetry of the fermion pairs
produced at the LHC is null if integrating over the full
phase space. However, by imposing some kinematical cuts,
the asymmetry generated at the partonic level q �q ! f �f can
be kept. Different types of asymmetries have been defined.
The above-mentioned FB asymmetry [1–10], which has
been frequently used in Z0 studies, contains a characteristic
fermion pair rapidity Yf �f cut. We refer it as rapidity-

dependent forward-backward asymmetry (ARFB) through-
out this paper. The other three asymmetries which will be
investigated in this paper are oneside forward-backward
asymmetry (AOFB) [33,34], central charge asymmetry (AC)
[29–32], and edge charge asymmetry (AE) [35]. We collect
their definitions as below

ARFBðYcut
f �f
Þ ¼ �ðjYfj> jY �fjÞ � �ðjYfj< jY �fjÞ

�ðjYfj> jY �fjÞ þ �ðjYfj< jY �fjÞ
��������jYf �fj>Ycut

f �f

;

(3)

AOFBðpcut
Z;f �f

Þ¼�ðjYfj> jY �fjÞ��ðjYfj< jY �fjÞ
�ðjYfj> jY �fjÞþ�ðjYfj< jY �fjÞ

��������jpz;f �fj>pcut
Z;f �f

;

(4)
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ACðYCÞ ¼
�fðjYfj< YCÞ � � �fðjY �fj< YCÞ
�fðjYfj< YCÞ þ � �fðjY �fj< YCÞ ; (5)

AEðYCÞ ¼
�fðYC < jYfjÞ � � �fðYC < jY �fjÞ
�fðYC < jYfjÞ þ � �fðYC < jY �fjÞ

; (6)

in which Y is the rapidity of the f= �f or fermion pair,
accordingly. The pz;f �f is the z-direction momentum of

the fermion pair.
In order to keep the partonic asymmetry even at the

hadronic level, no matter how different these asymmetries
look, each of them has used the fact that the energy fraction
of the valence quark is usually larger than that of the sea
quark in the proton. These asymmetries can be classified
into two categories according to their similarities. AC and
AE belong to one category and the remaining two belong to
the other. ForAC andAE, they account two complementary
kinematical regions, namely, the central region jYf; �fj< YC

and the edge region jYf; �fj> YC in the laboratory frame,

respectively. AE can usually suppress more efficiently
the symmetric gg ! q �q background events which mostly
distribute in the central region [35]. Therefore, the AE is
usually more significant than the AC. The difference
between ARFB and AOFB is the cuts in order to keep
the partonic asymmetry. Yf �f and Pz

f �f
are proportional to

ðx1 � x2Þ=ðx1 þ x2Þ and (x1 � x2), respectively, where x1
and x2 are the momentum fraction of the two colliding
partons. The most important difference between the two
categories is that the asymmetry utilizes the different
kinematical information. The asymmetries in the first
category utilize either f or �f momentum information.
While the asymmetries of the second category require
us to measure the kinematical information of f and �f
simultaneously.

Because of their different characteristics, the four types
of asymmetries will be used in different cases. Each of them
have their most suitable places. In the followings, we will
investigate how to use four asymmetries to discriminate
different Z0 models, namely, which one is the most suitable
type of asymmetry and the corresponding optimal cuts.

III. DISCRIMINATING DIFFERENT
Z0S VIA ASYMMETRIES

A. Z0 in the left-right model and
sequential standard model

In this paper, in order to illustrate how to utilize asym-
metries to discriminate different Z0’s, we choose two test
models as the examples: the left-right model and sequential
standard model.

The left-right model is based on the symmetry group
SUð2ÞR � SUð2ÞL �Uð1ÞB�L, where B� L is the differ-
ence between baryon and lepton numbers. The couplings
between the Z0 and fermions are [4,6]

gZ0J�
Z0Z0

�¼ e

cW

X
f

�c f�
�

�
1��5

2
gfZ

0
L þ1þ�5

2
gfZ

0
R

�
c fZ

0
�:

(7)

As the test model, the sequential standard model Z0 has
the same fermion couplings as the SM Z boson and which
can be written as

gZ0J
�
Z0Z0

� ¼ � g

2cW

X
f

�c f��ðgfV � gfA�5Þc fZ
0
�: (8)

The parameters in these two models can be summarized
in Table I. Throughout the paper the mass of Z0 is set to be
1.5 TeV for both models. The �LR in the LR model is set to
be 1.88 as the benchmark point, in order to make the width
of Z0 in the LR model the same as that in the SSM. SM
parameters are chosen as � ¼ 1=127:9, sin2�W ¼ 0:231,
MZ¼91:133GeV, �Z¼2:495GeV, and mt¼171:2GeV.
In calculating the width of the Z0, only its decays to the SM
fermions are included.

B. Optimizing asymmetry

In our analysis, the basic kinematical cuts are taken as
pT > 20 GeV and Y < 2:5 for the leptons, pT > 0:3MZ0

and Y < 2:5 for the bottom and top quarks. Here the pT cut
for quarks can suppress the QCD backgrounds. The LHC
energy

ffiffiffi
s

p
is set to be 14 TeV.

Figure 1 shows ARFB for the process pp ! eþe�X as a
function of Meþe� . From the figure it is clear that the
asymmetry depends on Meþe� . As depicted above, the
asymmetry depends on the chiral properties of Z0 and
SM fermions, as well as the selected data sample. In order
to keep as much asymmetry information as possible, in our
analysis the four data samples are chosen, just as with those
in Ref. [8]. They are the on-peak events with MZ0 � 3�<

M�þ��ðeþe�Þ <MZ0 þ 3�, off-peak events with 2=3MZ0 <

M�þ��ðeþe�Þ <MZ0 � 3�, on-peak events with MZ0 �
2:5�<Mb �b <MZ0 þ 2:5�, and on-peak events with
MZ0 � 2:5�<Mt�t < MZ0 þ 2:5�.
From Fig. 1 ARFB with Ycut

f �f
¼ 0:35 is larger than that

with Ycut
f �f

¼ 0. However, the magnitude of ARFB is not a

good measure to optimize the observable. As usual we

TABLE I. Couplings of the Z0 boson to the SM fermions

in the left-right model and the sequential SM. �LR ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðc2Wg2R=s2Wg2LÞ � 1

q
, where gL ¼ e=sW and gR are the SUð2ÞL

and SUð2ÞR coupling constants with s2W ¼ 1� c2W � sin2�W [4].

f gfZ
0

L gfZ
0

R gfV gfA

e 1
2�LR

1
2�LR

� �LR

2 � 1
2 þ 2sin2�W � 1

2

u � 1
6�LR

� 1
6�LR

þ �LR

2
1
2 � 4

3 sin
2�W

1
2

d � 1
6�LR

� 1
6�LR

� �LR

2 � 1
2 þ 2

3 sin
2�W � 1

2
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utilize the significance of the asymmetry as a measure to
select optimal cuts. The significance is defined as

SA � �ALffiffiffiffiffiffiffiffi
�L

p ¼ AFB

ffiffiffiffiffiffiffiffi
L�

p
; (9)

where AFB can be ARFB, AOFB, AC, or AE; L is the LHC
integrated luminosity which is taken as 100 fb�1 through-
out our analysis; and � is the cross section. Note that the
detection efficiency is not included in the definition equa-
tion (9) because we only utilize this simple variable to
optimize asymmetries and the corresponding cuts, and
the efficiency choice is irrelevant for this purpose.
Figures 2–5, show the significance as a function of the

corresponding cut for four asymmetries and four data
samples, respectively. In order to achieve the maximum
significance the corresponding best cuts are depicted in
Tables II, III, IV, and V, respectively.
Generally speaking, the significance of the LR model is

always greater than that of the SSM in the benchmark
parameters we choose. SRFB and SOFB are not so sensitive
to the cuts as those of SC and SE. Their maximum values are
almost the same. At the same time the optimized cuts are the
same for the two test models although their magnitudes are
different. The reason is that the optimal cuts depend mainly
on the properties of the parton distribution function and
mass of the Z0. Therefore, the optimal cuts are nearly inde-
pendent of the chiral properties of Z0 coupling to fermions.
The optimized cuts obtained from one specific Z0 model are
applicable to any other Z0 model with the same Z0 mass.

FIG. 2. The significance as a function of the corresponding cut for on-peak eþe� events in LR model and SSM is shown.

FIG. 1 (color online). ARFB for the process pp ! eþe�X as a
function of Meþe� in the LR mode and SSM with cuts Ycut

f �f
¼ 0

and Ycut
f �f

¼ 0:35, respectively.
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In the LR model or SSM, AOFB and ARFB can obtain
almost the same highest significance values. The signifi-
cance of AE is smaller and the significance of AC is the
smallest. The reason is that AE and AC defined in the
laboratory frame are diluted by the longitudinal boosts
from the partonic level to the hadron level. AC is even
smaller because it includes more symmetric backgrounds
than that of AE. Note that these results are based on the
assumption that the final f �f pair can be completely recon-
structed. In the real experiment, taking the top quark pair as
the example, the momentum precision of the top pair will
be limited by the missing neutrino when using the top
semileptonically decaying mode [36]. While AE and AC

can be free from this problem because they utilize only the
top or antitop hadronic decay mode.

C. Discriminating Z0 models utilizing
the optimized asymmetry

Based on the optimal cuts obtained above, we can
discriminate different Z0’s via the precise asymmetry mea-
surements at the LHC. In this part we calculated the
asymmetries and compare the optimal and unoptimal
cases. The results for all asymmetries can be deduced
in the same procedure. Note that the optimized cuts are

almost the same for different Z0 models provided that the
Z0 mass is the same.
To identify the candidate Z0 model, the measured asym-

metry should be compared with the theoretical predictions.
In our analysis, asymmetries by theoretical predictions
with errors are presented as the two-dimensional plot,
similar to that in Ref. [8].
In Fig. 6 we show the different asymmetries for both the

LR model and the SSM. Central values are calculated in
both optimized and unoptimized cases. The statistic error
of forward-backward asymmetry AFB is obtained from the
statistics study, and the formula is

�AFB�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4NFNB

N3

s
¼ 1ffiffiffiffi

N
p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�

�
NA

N

�
2

s
ffi 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L��f �f

q : (10)

HereNF=NB are numbers of forward/backward events, and
NA ¼ NF � NB (N ¼ NF þ NB) are the number of asym-
metric (total) events. The significance after including re-
construction efficiency is

S�A � �AL�f �fffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�L�f �f

q ¼ AFB

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L��f �f

q
: (11)

FIG. 3. Same as Fig. 2 except for off-peak eþe� events.
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From Eq. (10) and (11) we can see that S�A ¼ AFB=�AFB.

In our estimation, the b �b and t�t reconstruction efficiencies
are taken as �b �b ¼ 0:36 and �t�t ¼ 0:075, respectively, [8].
For the b �b and t�t final states, the next-to-leading order
QCD contribution to the asymmetric cross sections are
included. For the b �b final state, the QCD next-to-leading
order contribution to on-peak ARFB is 1.38% for the opti-

mized case and 0.96% for the unoptimized Yf �f
cut ¼ 0 case.

The contribution is a little bit larger than the statistic error
(see the left-bottom diagram of Fig. 6), so this effect should
be taken into account. For the t�t final states, the QCD next-
to-leading order contribution to on-peak AE is 0.53% for
the optimized case, which is much less than the statistic
error (see the right-bottom diagram of Fig. 6), so this effect
can be neglected.

From the Fig. 6, the two models give the apparently
different predictions for two asymmetries. Even without
optimal cuts, the asymmetries can be utilized to discrimi-
nate models in this case. However in the real case, the
asymmetry difference for various models might be small.
In this case the optimal cuts can help to improve the
capacity to discriminate models. From the figure it is
obviously that the central values of the asymmetries

separate more in both the LR model and the SSM.
However, due to the decreasing of the statistics, the error
bar becomes a little bit larger for the optimized case.

IV. DISCUSSIONS AND CONCLUSIONS

In this paper we investigated how to utilize the asym-
metry measurements at the LHC to discriminate under-
lying dynamics, by taking Z0 model as the example. Unlike
LEP and Tevatron, the LHC is a symmetric proton-proton
collider, thus the asymmetry at the LHC has the unique
feature which should be studied in detail. In the literature
several asymmetries have been proposed at the LHC,
namely, rapidity-dependent forward-backward asymmetry,
oneside forward-backward asymmetry, central charge
asymmetry, and edge charge asymmetry, with ‘þ‘�, b �b,
and t�t as the final states. Based on these works, we stepped
further on to analyze how to optimize the asymmetries in
the left-right model and the sequential standard model. In
the calculations with b �b and t�t final states, the QCD-
induced higher-order contributions to the asymmetric cross
section were also included. For each kind of final state, we
estimated the four kinds of asymmetries and especially the
optimal cuts usually associated with the definition of the

FIG. 4. Same as Fig. 2 except for on-peak b �b events.
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FIG. 5. Same as Fig. 2 except for on-peak t�t events.

TABLE III. The same as Table II except for off-peak eþe� events.

LR ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:35 Pf �f

z;cut ¼ 450 GeV YC ¼ 0:8 YC ¼ 1:4
Significance (with 100 fb�1) 3.51 3.51 2.43 3.07

SSM ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:35 Pf �f

z;cut ¼ 450 GeV YC ¼ 0:8 YC ¼ 1:4
Significance (with 100 fb�1) 3.30 3.34 2.36 2.87

TABLE II. The optimized cut and the corresponding maximum value of significance for on-
peak eþe� events for the four kinds of asymmetries in both LR model and SSM are shown.

LR ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:35 Pf �f

z;cut ¼ 550 GeV YC ¼ 0:8 YC ¼ 1:4
Significance (with 100 fb�1) 24.4 24.4 17.1 21.5

SSM ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:35 Pf �f

z;cut ¼ 550 GeV YC ¼ 0:8 YC ¼ 1:4
Significance (with 100 fb�1) 3.40 3.43 2.43 2.97
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TABLE IV. The same as Table II except for on-peak b �b events.

LR ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:45 Pf �f

z;cut ¼ 700 GeV YC ¼ 0:6 YC ¼ 1:2
Significance (with 100 fb�1) 57.2 57.4 38.8 53.1

SSM ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:45 Pf �f

z;cut ¼ 700 GeV YC ¼ 0:6 YC ¼ 1:2
Significance (with 100 fb�1) 30.7 30.8 20.9 28.5

TABLE V. The same as Table II except for on-peak t�t events.

LR ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:45 Pf �f

z;cut ¼ 700 GeV YC ¼ 0:6 YC ¼ 1:2
Significance (with 100 fb�1) 42.2 42.3 27.6 39.2

SSM ARFB AOFB AC AE

Best cut Yf �f
cut ¼ 0:45 Pf �f

z;cut ¼ 700 GeV YC ¼ 0:6 YC ¼ 1:2
Significance (with 100 fb�1) 18.3 18.4 12.1 17.1

FIG. 6 (color online). Two-dimensional plots of asymmetries ARFB’s for off- and on-peak eþe� events, ARFB’s for on-peak b �b and
eþe� events, and AE and ARFB for on-peak t�t and eþe� events, respectively. Both optimized and unoptimized results for ARFB and
optimized ones for AE with error bars in the LR model and SSM are presented.
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asymmetry. Our studies showed that the optimal cut is
stable for different Z0 models provided that the Z0 mass
is equal. The numerical results indicated that the capacity
to discriminate Z0 models can be improved by imposing the
optimal cuts.

In this paper only Z0 models of left-right and the
sequential standard model were investigated as the ex-
amples. However, the optimization obtained from these
two examples is suitable for any kind of Z0 models pro-
vided that they have the same Z0 mass. The Z0 mass
throughout this paper is assumed to be 1.5 TeV as the

benchmark parameter. If the Z0 mass is other than
1.5 TeV, the optimal condition should be investigated in
the same procedure. Moreover, the precise asymmetry
measurement at the LHC can be utilized to scrutinize any
new dynamics beyond the standard model, not limited to
the Z0 case.
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