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SEARCH FOR Z′-BOSON SIGNALS AT LEP AND LHC 
 

Проаналізовано дані експерименту LEP II з метою пошуку сигналів Z’ бозону у процесах 
e+e– → e+e–, µ+ µ–, τ+ τ–. Дані оброблено альтернативними підходами, включаючи однопараметрич-
ні фітування, багатопараметричні фітування та аналіз за допомогою нейронних мереж. Знайде-
но сигнал Z’ бозону на рівні довіри 2σ. Розглянуто області відкриття Z′ бозону в майбутньому 
експерименті LHC і проведено їхнє порівняння з областями відкриття для інших можливих сце-
наріїв фізики поза енергетичним масштабом стандартної моделі елементарних частинок. 
 

Introduction. The precision test of the standard model (SM) at LEP gave a possi-
bility not only to determine all the parameters and particle masses at the level of radiative 
corrections but also afforded an opportunity for searching for signals of new heavy parti-
cles beyond the energy scale of it. On the base of the LEP2 experiments the low bounds 
on parameters of various models extending the SM have been estimated and the scale of 
new physics was obtained [1, 2, 3]. 

A lot of extended models includes the Z′ gauge boson – massive neutral vector particle 
associated with the extra U(1) subgroup of an underlying group. Searching for this particle as 
a virtual state in the either model-dependent or model-independent approaches is widely dis-
cussed in the literature (see for references [4]). In the papers [5, 6, 7] of two of the present 
authors a new approach for the modelindependent search for Z′-boson was proposed which, 
in contrast to other modelindependent searches, gives a possibility to pick out uniquely this 
virtual state and determine its characteristics. Our consideration is based on two constituents: 
1) The relations between the effective low-energy couplings derived from the renormalization 
group (RG) equation for fermion scattering amplitudes. We called them the RG relations. 2) 
When these relations are accounted for, some kinematics properties of the amplitude become 
uniquely correlated with this virtual state and the Z′ signals exhibit themselves. 

In Refs. [5, 6, 7] the one-parametric observables were introduced and the signals of 
the Z′ have been determined at the 1σ CL in the e

+
e

–
 → µ

+
µ

–
 process, and at the 2σ CL in 

the Bhabha process. The Z′ mass was estimated to be 1–1.2 TeV. An increase in statistics 
could make these signals more pronounced and there is a good chance to discover this 
particle at the LHC. 

In Ref. [8] the updated results of the one-parameter fit and the complete many-
parametric fit of the LEP2 data were performed with the goal to estimate a possible 
signal of the Z′-boson with accounting for the final data of the LEP collaborations 
DELPHI and OPAL [2, 3]. 

From the results obtained on the searching for Abelian Z’ within the LEP experi-
ment data set we conclude that it is insufficient for convincing discovery of this particle 
as the virtual state. In this situation it is reasonable to analyze the data by using the neural 
network approach which is able to make a realistic prognoses for the parameters of inter-
est. This investigation will be done in the present paper within the two parametric global 
fit of the LEP2 data on the Bhabha scattering process. As the result of all these considera-
tions we derive at the 2 σ CL the characteristics of the Z′ which could be used as the input 
probable parameters for the LHC experiments. The next goal of the present paper is to 
derive on the base of these results the discovery regions of the Z′ at the LHC that will be 
done also in a model independent analysis. 
The paper is organized as follows. In sect. 2 we give a necessary information about the 
description of Z′ at low energies. In sect. 3 the cross sections and the observables to pick 
out uniquely the virtual Z′ in the e

+
e

–
 → µ

+
 µ 

–
, τ

+
τ

–
 processes are given. The fits of the 

data are described and discussed. In sect. 4 the same is present for the Bhabha process 
e

+
e

– 
→ e

–
e

+
. The one parametric and two parametric fits are discussed. In sect. 5 the 

analysis of this process is carried out by using the neural network approach. The criteria 
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for training the network are introduced which guarantee the 2σ CL deviations of the data 
from the model containing the SM with extra Z′. The obtained parameters of the Z′ prac-
tically coincide with that of derived in the one parameter analysis. In this way we deter-
mine the characteristics of the low energy Z′ coming from the LEP experiments. In sect. 6 
we consider the discovery regions of the Z′ at the LHC. 

The Abelian Z′ boson at low energies. At low energies, the Z′-boson can manifest 
itself by means of the couplings to the SM fermions and scalars as a virtual intermediate 
state. The Z-boson couplings are also modified due to a Z–Z′ mixing. In principle, arbi-
trary effective Z′ interactions to the SM fields could be considered at low energies. How-
ever, the couplings of non-renormalizable types have to be suppressed by heavy mass 
scales because of decoupling. Therefore, significant signals beyond the SM can be in-
spired by the couplings of renormalizable types. Such couplings can be derived by adding 

the new -terms to the electroweak covariant derivatives D
ew
 in the Lagrangian [4] 

 (1) 

where  is the SM scalar doublet; fL, fR are the SM left-handed fermion doublets and 

right-handed fermion singlets;   denotes the  symmetry eigenstate; and  

and mean the unknown couplings characterizing the model beyond the SM. Instead 
of the couplings to the left-handed and right-handed fermion states it is convenient to in-
troduce the couplings to the axial-vector and vector currents: 

 
The spontaneous breaking of the electroweak symmetry leads to the Z–Z′ mixing. 

In case of the Abelian Z′-boson, the Z–Z′ mixing angle θ0 is determined by the coupling 
as follows [5] 

   (2) 

where θW is the SM Weinberg angle, and αem is the electromagnetic fine structure con-

stant. Although the mixing angle is a small quantity of order , it contributes to the Z-
boson exchange amplitude and cannot be neglected at the LEP energies. 

The Lagrangian (1) leads to the following interactions between the fermions and 
the Z and Z′ mass eigenstates: 

  (3) 

where f is an arbitrary SM fermion state;   are the SM couplings of the Z-
boson. 

In a particular model the couplings  and  take some specific values. In case 
when the model is unknown, these parameters and the mixing angle remain potentially 
arbitrary numbers. However, this is not the case if one assumes that the underlying ex-
tended model is a renormalizable one. As it was shown in Ref. [5], some of them have to 
be correlated due to renormalizability. The corresponding relations are 

     (4) 

where f* is the SU(2) partner of a fermion f, and T3,f is the third component of the fermion 
isospin. They are motivated by the renormalization group equations at the Z′ decoupling 
energies and also connected with the  gauge symmetry of the Lagrangian. These 
relations cover all the popular models of the Abelian Z′ boson allowing the model-
independent searches for this particle. 
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The relations (4) incorporate the most common features of the Abelian Z′-boson. 
As it is seen, the axial-vector coupling is universal for all the fermion avors. So, in what 
follows we will use the shorthand notation α = αe = αµ = ατ. The axial-vector coupling 
determines also the coupling to the scalar doublet and, consequently, the mixing angle. 
As a result, the number of independent couplings is significantly reduced. 

Annihilation processes e
+
e
–
 → µ

+
 µ 

–
, τ

 +
τ
  –
. In this section we consider the proc-

esses e
+
e

–
 → l

+
 l 

–
 (l = µ; τ ) with the non-polarized initial- and final-state fermions. In 

order to introduce the observable which selects the signal of the Abelian Z′ boson one 
needs to compute the differential cross-sections of the processes up to the one-loop level. 

The lower-order diagrams describe the neutral vector boson exchange in the s-
channel (e

+
e

–
 →V→ l

+
 l 

–
,  V = A;Z;Z′). As for the one-loop corrections, two classes of 

diagrams are taken into account. The first one includes the pure SM graphs (the mass op-
erators, the vertex corrections, and the boxes). The second set of the one-loop diagrams 
improves the Born-level Z′-exchange amplitude by “dressing" the Z′ propagator and the 
Z′–fermion vertices. We assume that Z′ states are not excited inside loops. To obtain an 
infrared-finite result, we also take into account the processes with the soft-photon emis-
sion in the initial and final states. 

In the lower order in ττ the Z′ contributions to the differential cross-section of the process 
e

+
e

–
 → l

+
 l 

–
 are expressed in terms of four-fermion contact couplings, only. If one takes into 

consideration the higher-order corrections in , it becomes possible to estimate separately 
the Z′-induced contact couplings and the Z′ mass. The detailed description of the accounting for 
the renormalization group relations (4) is given in Ref.[6]. Here we present the final result of the 
analysis carried out therein (Table 1). The fits were performed with assumed several data sets, 
including the µµ, ττ, and the complete µµ and ττ data, respectively. 

Table 1 
The contact coupling  with the 68% confidence-level uncertainty,  

the probability of the Z′ signal, P, and the value of /   as a result of the fit of the observable 
recalculated from the total cross-sections and the forward-backward asymmetries. 

Data set  P /  

+0.0000489 
µµ 0.0000366 

–0.0000486 
0.77 0.009 ± 0.278 

+0.0000643 
τ τ –0.0000266 

–0.0000639 
0.34 –0.001 ± 0.501 

+0.0000389 
µµ and τ τ 0:0000133 

–0.0000387 
0.63 0.017 ± 0.609 

 

As is seen, the more precise µµ data demonstrate the hint of about 1σ level. It cor-
responds to the Abelian Z′-boson with the mass of order 1.2–1.5TeV if one assumes the 

value of  to be in the interval 0.01–0.02. No signal is found by the analysis of 
the τ τ cross-sections. The combined fit of the µµ and τ τ data leads to the hint below the 
1σ confidence level. 

The Bhabha process e
+
e
–
 → e

+
e
–
. Differential cross-section. In our analysis, as the 

SM values of the cross sections we use the quantities calculated by the LEP2 collabora-
tions [9, 3, 10, 2]. The deviation from the SM is computed in the improved Born ap-
proximation. This approximation is sufficient for our analysis leading to the systematic 
error of the fit results less than 5-10 per cents.  

The deviation from the SM of the differential cross-section for the process e
+
e

–
 → 

l
+
l
–
 can be expressed through various quadratic combinations of couplings α,   For 

the Bhabha process it reads 

  (5) 

where the factors are known functions of the center-of-mass energy and the cosine of the 
electron scattering angle z plotted in Fig. 1. 
Since the Z′ couplings enter the cross-section together with the inverse Z′ mass, it is con-
venient to introduce the dimensionless couplings 
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    (6) 

which can be constrained by experiments. 
Note again that the cross-sections in Eq. (5) account for the relations (4) through 

the functions f1(z), f3(z), since the coupling  (the mixing angle θ0) is substituted 

      
Fig. 1. The factors at the Z′ couplings in the 
differential cross-section of the Bhabha 

process 

Fig. 2. Factors  (solid) and  
(dashed) in the normalized deviation of the differ-

ential cross-section  for =200 GeV 

by the axial coupling constant α. Usually, when a four-fermion effective Lagrangian is 
applied to describe physics beyond the SM, this dependence on the scalar field coupling 
is neglected at all. However, in our case, when we are interested in searching for signals 
of the Z′-boson on the base of the effective low-energy Lagrangian (1), these contribu-
tions to the cross-section are essential. 

One-parameter fit. The factor  is positive monotonic function of z. This 
type of behavior is typical for all energies of interest. Such a property allows one to 
choose  as a normalization factor for the differential cross section. Then the nor-
malized deviation of the differential cross-section reads 

  (7) 

The normalized factors are shown in Fig. 2. These factors are finite at z → 1. Each of 
them influences the differential cross-section in a special way. 1) The factor at  is just the 
unity. Hence, the four-fermion contact coupling between vector currents, , determines the 
level of the deviation from the SM value. 2) The factor at  depends on the scattering angle in 
a non-trivial way. It allows to recognize the Abelian Z′ boson, if the experimental accuracy is 
sufficient. 3) The factor at  results in small corrections. Thus, effectively, the obtained nor-
malized differential cross-section is a two-parametric function. 

The detailed description of the observables which uniquely pick out the  and the 
 as well as the LEP2 experiment data treating are given in Refs.[7, 8]. As it has been 

shown, the values of the Z′ coupling to the electron vector current together with their 1σ 
uncertainties are 

ALEPH :   = –0:11 ± 6:53 ×10
–4
 

DELPHI :   = 1:60 ± 1:46 × 10
–4
 

L3 :   = 5:42 ± 3:72 × 10
–4
 

OPAL :   = 2:42 ± 1:27 × 10
–4
 

Combined :   = 2:24 ± 0:92 × 10
–4
    (8) 

As one can see, the most precise data of DELPHI and OPAL collaborations are resulted 
in the Abelian Z′ hints at one and two standard deviation level, correspondingly. The com-
bined value shows the 2σ hint, which corresponds to 0.006 ≤  ≤ 0.020. The mass of the 
particle is estimated to be of order 1 TeV. In contrast, the value of  is a large negative num-
ber with a significant experimental uncertainty. This can not be interpreted as a manifestation 
of some heavy virtual state beyond the energy scale of the SM. 
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Many-parameter fits. In this section we fulfill the many parametric fits accounting 
for the total amount of the LEP2 experiment data. The reason for this analysis is that due 
to the renormalization group relations the number of independent parameters decreases in 
essential way and these fits could be informative.  

As the basic observable to fit the LEP2 experiment data on the Bhabha process we 
propose the differential cross-section 

    (9) 
where i runs over the bins at various center-of-mass energies . The final differential 
cross-sections measured by the ALEPH (130-183 GeV, [9]), DELPHI (189-207 GeV, 
[3]), L3 (183-189 GeV, [10]), and OPAL (130-207 GeV, [2]) collaborations are taken 
into consideration (299 bins). 

As the observables for e
+
e
–
 → µ

+
 µ 

–
, τ

+
τ 

–
 processes, we consider the total cross-

section and the forward-backward asymmetry 

   (10) 
where i runs over 12 center-of-mass energies  from 130 to 207 GeV. We consider the 
combined LEP2 data [1] for these observables (24 data entries for each process). These 
data are more precise as the corresponding differential cross-sections.  

The data are analyzed by means of the . Denoting the observables (9) – (10) by 

σi, one can construct the -function, 

   (11) 

where σ
ex
 and δσ are the experimental values and the uncertainties of the observables, and 

δ
th
 are their theoretical expressions (5). The sum in Eq. (11) refers to either the data for 

one specific process or the combined data for several processes. By minimizing the -

function, the maximal-likelihood estimate for the Z′ couplings can be derived. The -

function is also used to plot the CA in the space of parameters , and . Note 
that in this way of experimental data treating all the possible correlations are neglected. 

For all the considered processes, the theoretic predictions  are linear combina-
tions of products of two Z′ couplings 

   (12) 

where Ci j are known numbers. 
 

 
Fig. 3. The 95% CL areas in the ( ) plane 

for the Bhabha, e+e– → µ+ µ –, and e+e– → τ+τ – 

processes 

Fig. 4. The projection of the 95% CL area 
onto the ( ) plane for the combination 

of the Bhabha, e+e– → µ+ µ –, and e+e– → 
τ+τ – processes 
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In the Bhabha process, the Z′ effects are determined by 3 linear-independent contribu-

tions coming from , , and  (3 degrees of freedom of -distribution). As for the e
+
e

–
 

→ µ
+
 µ 

–
, τ

+
τ 
–
 processes, the observables depend on 4 linear independent terms for each proc-

ess: ,  for e
+
e

–
 → µ

+
 µ 

–
; and  for e

+
e

–
 → τ

+
τ 
- 
(4 d.o.f.). 

The complete data set for all the lepton processes is ruled by 7 d.o.f. As a consequence, the 
combination of the data for all the lepton processes is possible.  

The 95 % CL areas in the ( , ) plane for the separate processes are plotted in Fig. 

3. As it is seen, the Bhabha process constrains both the axial-vector and vector couplings. 
As for the e

+
e

–
 → µ

+
 µ 

–
 and e

+
e

–
 → τ

+
τ 

–
 processes, the axial-vector coupling is signifi-

cantly constrained, only. The CAs include the SM point at the meaningful CLs, so the 
experiment could not pick out clearly the Abelian Z′ signal from the SM. An important 
conclusion from these plots is that the experiment significantly constrains only the cou-
plings entering sign-definite terms in the cross-sections.  
Let us compare the obtained results with the one-parameter fits discussed in the previous section. 
As one can see, the most precise data of DELPHI and OPAL collaborations are resulted in the 
Abelian Z′ hints at one and two standard deviation level, correspondingly. The combined value 
shows the 2σ hint, which corresponds to 0.006 ≤  ≤ 0.020. On the other hand, our many-
parameter fit constrains the Z′ coupling to the electron vector current as ≤0.013 with no evident 
signal. Why does the one-parameter fit of the Bhabha process show the 2σ CL hint whereas there 
is no signal in the two-parameter one? Our one-parameter observable accounts mainly for the 
backward bins. This is in accordance with the kinematic features of the process: the backward bins 

depend mainly on the vector coupling , whereas the contributions of other couplings are kine-
matically suppressed (see Fig. 1). Therefore, the difference of the results can be inspired by the 
data sets used. To check this, we perform the many-parameter fit with the 113 backward bins (z ≤ 
0), only. The  minimum, =93.0, is found in the non-zero point =0.0005, = 0.015. 

This value of the Z′ coupling  is in an excellent agreement with the mean value ob-
tained in the one-parameter fit. The 68 % CA in the ( ) plane is plotted in Fig. 5. 

There is a visible hint of the Abelian Z′ boson. The zero point  =  = 0 (the absence of 

the Z′ boson) corresponds to  = 97.7. It is covered by the CA with 1.3σ CL. Thus, the 
backward bins show the 1.3σ hint of the Abelian Z′ boson in the many-parameter fit. So, 
the many-parameter fit is less precise than the analysis of the one-parameter observables. 

 
Fig. 5. The 68 % CL area in the ( ) plane 

from the backward bins of the Bhabha process 
in the LEP2 experiments (the shaded area). 
The hatched area is the 68% CL area from the 
LEP 1 data on the Bhabha process 

Fig. 6. The 95 % CL area in the ( ) plane 

from the Bhabha process in the LEP2 ex-
periments with the neural network analysis 

 

Z′ hints within the neural network analysis. Since the actual LEP2 data set is not 
too large to detect Z′, one needs in the estimate of its parameters which could be used in 
future experiments. To determine them in a maximally full way we address to the analy-
sis based on the predictions of the neural networks [11]. The main idea of this approach is 
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to constrain the existing data set in such a way that an amount of the existing data were 
restricted as an inessential background and omitted. The remaining data are expected to 
give a more precise estimate of the parameters of interest. 

We take into consideration the complete set of the differential cross sections of all 
LEP collaborations discussed in the previous section. We apply the following criteria to 
restrict the data set: 

1. As the signal we use the cross sections for the standard model plus Z′ for the 
Bhabha process at 0.25 × 10

–4
 ≤ 

2
 ≤ 4 × 10

–4
 and 0.25 × 10

–4
 ≤ α

2 
≤ 4 × 10

–4
. Such the 

values were motivated in the previous sections. 
2. As the background for the network we use the deviations of the differential cross 

sections from the standard model plus Z′ which are larger than two experimental uncer-
tainties of measurements.  

Such trained network omits the events which correspond to the large deviations 
from the theoretical cross sections but accounts for the peculiarity proper to the Z′ exist-
ing. To construct and train the neural network we used the program MLPFit [12]. The 
results of the carried out analysis based on the two parametric fit discussed in the previ-
ous section are plotted in Fig. 6. They demonstrate the 2σ CL hint for the Z′ as the one 
parametric fit in the previous section. 

Discovery of Z′ bosons at the LHC. A common feature of the many new physics 
scenarios that go beyond the SM is the prediction of heavy new particles or “resonances”, 
that can be either produced or exchanged in reactions studied at high energy colliders. 
The non-standard objects such as new gauge Z′ bosons are expected to be in the TeV 
mass range, and could be revealed directly as peaks in the energy dependence of the 
measured cross sections. For any model, given the expected statistics and experimental 
uncertainties, one can estimate the corresponding discovery reach by determining the up-
per limit of the mass range where the resonance signal can be detected above the SM 
cross section to a given confidence level. Detailed studies have been performed on sensi-
tivity reaches for new gauge bosons at the LHC and LC [13 – 22].  

The theoretical framework for studying Z′ production at hadron colliders has been devel-
oped more than two decades ago (see, e.g. [14]). Nevertheless, various pieces of information 
collected recently have an impact on our attempt of addressing a number of specific questions, 
e.g. (i) what Z′ parameters (coupling constants and masses) are relevant for the LHC searches? 
(ii) what regions of parameter space are not rules out by the LEP experiments, and would allow 
a Z′ discovery at the LHC; (iii) in case of discovery, how can one differentiate between the 
models that may accommodate a Z′ boson? 

In this section we consider the potential of the LHC to discover the Abelian Z′ in-
troduced in previous sections in the Drell-Yan (DY) lepton-pair production processes 
(l = e,  µ): 

p + p → l 
+
l 

–
 + X;      (13) 

where X presents all the other created particles. Specifically, we assess the discovery reach on 
the mass of the Abelian Z′ resonance taking into account the bounds on the coupling constants 
derived from the LEP data analysis reported in the previous sections. Also, we compare these 
bounds with those obtained for the popular models with extended gauge sector. In particular, we 
will consider the three possible U(1) Z′ scenarios originating from the exceptional group E6 
breaking and the Z′ predicted by a left-right symmetric model that can originate from an SO(10) 
GUT. The detailed descriptions of these models can be found, e.g., in Ref. [13].  

In the SM, lepton pairs at hadron colliders can be produced at tree level via the 
following parton-level processes: 

 .     (14) 

Turning now to spin-1 resonance exchange, the differential cross section for the relevant 

partonic process  reads at leading order 

      (15) 

with 
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     (16) 

and, neglecting fermion masses: 

    (17) 

     (18) 

Where , and the Z propagator in the approximation 

M  MZ is represented by 

     (19) 

Also, we have introduced the Z′ propagator  

      (20) 

Also,  being the vector (axial-vector) coupling constants of Z′ with fermion f. In the se-
quel we neglect (γ;Z) – Z′ interference terms in the on-peak (M = MZ′) cross section. Moreover, 
effects from a potential Z –Z′ mixing are also disregarded. The inclusive differential cross sec-
tion for Z′ production and subsequent decay into lepton pairs at the LHC can be expressed as: 

  (21) 
Where M and y are invariant mass and rapidity of the lepton pairs, respectively, and z = 
cos θcm with θcm the lepton-proton angle in the dilepton center-of-mass frame. Here, 

 and  are the even and odd parts (under z ↔ –z) of the partonic differ-
ential cross section . Furthermore, the K-factor accounts for higher order QCD 
corrections, and can be expressed by 

     (22) 

so that, numerically, K  1.3. Also, are parton distribution functions in the 

protons P1 and P2, and ξi are the parton fractional momenta: 

    (23) 
The minus sign in the odd term in that equation allows us to interpret the angle θcm in the 
parton cross section as being relative to the quark momentum (rather than the proton 
momentum P1). 

The lepton differential angular distribution, for dilepton invariant mass M in an in-
terval of size ∆M around the (narrow) resonance peak MR, is defined by 

    (24) 

with Y = log( /M). 

The cross section for the narrow state production and subsequent decay into a DY pair,  

pp →R → l
+ 

l
 –
, is given by: 

(25) 

The Z′ production cross section at LHC, σ(pp → Z′), is measured via the leptonic cross 
section (pp → Z′) ·BR(Z′ → l

+ 
l
 –
). Depending on the underlying model new particles can 

inuence the total Z′ width. Therefore, it is assumed that all Z′ decay modes are known. 
For further details see Ref. [23]. 
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Experimentally, the discovery of a narrow resonance depends to a significant ex-
tent on the bin size ∆M introduced above (alternatively called the mass window for data 
collection), with the chance of detection increasing with a decreasing bin size. Indeed, if 
the resonance is narrow, the integral over the bin in Eq. (25) is effectively independent of 
the bin size for the signal (assuming the resonance to fall within the bin). Instead, this 
integral is essentially linearly dependent on the bin size for the SM background. This 
background is dominated by the SM Drell-Yan process, other SM background contribu-
tions turn out to amount to at most a few percent of it [15]. Regarding the bin size, it de-
pends on the energy resolution. We take the bin size relevant to the ATLAS detector [24]. 

At the LHC, with integrated luminosity = 100 fb
–1
, the number of signal (reso-

nant) events can be computed by using  and the background events are 
defined as NB = NSM (background integrated over the bin). Here,  is the experimental 
reconstruction efficiency, taken to be 0.9 both for electrons and muons. To compute cross 
sections we use the CTEQ6 parton distributions [25]. We impose angular cuts relevant to 
the LHC detectors. The lepton pseudorapidity cut is | η |< η cut = 2.5 for both leptons (this 
leads to a boost-dependent cut on z, and in addition to the angular cuts, we impose on 

each lepton a transverse momentum cut   = 20 GeV. The criterion used for the 
discovery limit in the analysis given here is the assumption that  events or 10 
events, whichever is larger, constitutes a signal. 

In order to evaluate the expected number of lepton pair production events at the 
LHC resulting from Z′ leptonic decay the information on Z′ coupling constants is re-
quired. For Abelian Z′ one can take the bounds on the fermionic coupling constants ob-
tained from the LEP data and summarized in Table 1 and Eq. (8). Fig. 7 shows the ex-
pected number of resonant (signal) events . resonance mass MR (R = Z′) at  = 
100 fb

–1
 for Abelian Z′ as well as for representative E6, LR and ALR models. Specifi-

cally, the upper values of NS for Abelian Z′ are shown with attached label. 

 
Fig. 7. Expected number of Z′ resonance (signal) events . MR (R = Z′) and the minimum number 

of signal events needed to detect the resonance above the background in the process pp → l+l– + X (l = e; 
µ) at the LHC with integrated luminosity of  = 100 fb–1. The two “LR” and “E6” lines refer to the 

extreme values for αLR and cos β, respectively 

Also, Fig. 7 shows the minimum number of signal events  needed to detect the 
resonance above the background in the process pp → l

+
l
–
 + X (l = e, µ) at the LHC with inte-

grated luminosity of = 100 fb
–1
. In the analysis given here, we have adopted the criterion 

for the discovery limit that  events or 10 events, whichever is larger, constitutes a sig-
nal. From Fig. 7 one can easily obtain discovery reaches at the 5σ level on the corresponding 
Z′ masses. With the assumption of efficiencies as stated above one finds that, with 100 fb

–1 
of 

integrated luminosity, one can explore the Abelian Z′ up to a mass of about 8 TeV. It is in-
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structive to compare the limit above with those obtained from Z′ within E6, LR and ALR 
models. Depending on the model a Z′ observation up to M Z′ ≤ 4 – 5 TeV will be possible. 
 

Проанализированы данные эксперимента LEP II с целью поиска сигналов Z’ бозона в процес-
сах e+e– → e+e–, µ+ µ–, τ+ τ–. Данные обработаны альтернативными подходами, включающими однопа-
раметрические фитирования, многопараметрические фитирования и анализ с помощью нейронных 
сетей. Найден сигнал Z’ бозона на уровне доверия 2σ. Рассмотрены области открытия Z′ бозона в буду-
щем эксперименте LHC и проведено их сравнение с областями открытия для других возможных сце-
нариев физики за энергетическим масштабом стандартной модели элементарных частиц. 
 

The LEP II data are analyzed to search for signals of the Z′ boson in the e+e– → e+e–, µ+ µ–, and 
τ+ τ– processes. The data are fitted within alternative approaches including one-parameter fits, many-
parameter fits, and neural network analysis. The 2σ hint  of the Z′ boson is found. The discovery region 
of the Z′ boson at the future LHC experiment is considered and compared with the discovery regions of 
other possible scenarios of the physics beyond the standard model. 
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