SN-ATLAS-2001-001

18 Jan 2001

<)

Search for 7/ — WW
at LHC with the ATLAS Detector

D. Benchekroun, C. Driouichi, A. Hoummada

Université Hassan II
Faculté des sciences Ain Chock, Casablanca, Morocco

Abstract

The potential for measuring the Z'WW coupling with the ATLAS detector at the LHC
is investigated under conditions of low and high luminosity. It is estimated that detection of
the decay channel Z/ — WW — lyjj is possible with 300 b !, for a Z’ boson with sequential
model couplings and with a mass up to 2.2 TeV.

1 Introduction

One of the most important goals of existing and future colliders is to establish the model
which fully describes the strong and electroweak interactions. For several years, the experi-
mental data have been in remarkable agreement with the predictions of the Standard Model
(SM) [1]. However many fundamental questions have not yet been satisfactorily answered.
For instance, there are many arbitrary parameters. Parity violation in the electroweak in-
teractions is introduced in an ad hoc manner by using isospin singlets to describe the right-
handed fermions. Recent experimental data give clear evidence that the neutrinos, which
are considered as massless particles in the SM, should have very small masses [2]. Several
scenarios have been proposed over the last 25 years in which the SM is just an effective low
energy version of a somewhat more complex gauge structure which exists at higher energies.
If the energy scale of this new physics is not far from the multi-TeV range, the experiments
at the Large Hadron Collider (LHC) should find direct evidence of its existence.

The existence of new electroweak gauge bosons, called Z' and W', is predicted by many



extensions of the SM. Their discovery would be a clean signature for new physics beyond the
SM. The largest set of theories with new gauge bosons are those which are based on a GUT
group, such as SO(10) and Eg, like the Fj effective rank-5 model (ER5M) which predicts a
Z'" whose couplings depend on a single parameter —7/2 < 6 < 7/2 [3]. An attractive exten-
sion of the SM is the Left-Right Symmetric Model (LRM) [4] which extends the SM group
SU122),®@U(1) to SU(2), ® SU(2)r ® U(1) and restores parity symmetry at high energy.
This model requires also the existence of right-handed neutrinos and has a free parameter
0.55 < K? = (gr/gz)* < 1 to 2 [5], which is just the ratio of the gauge couplings. The case
K =1 corresponds to a manifest left-right symmetric gauge interaction (Left-Right Symetric
Model: LRSM). The search for new gauge bosons and right-handed Majorana neutrinos, in
the framework of the LRSM, at LHC with the ATLAS detector has been reported in Ref.
[6]. In the Sequential Standard Model (SSM), which will be used as a reference model in
this work, the new Z’ and W' are just heavy versions of the SM gauge bosons. The SSM
is not a true model (it is not a gauge invariant model) but is commonly used as a guide by
experimentalists.

Up to now, no evidence has been experimentally found for the production of W’ and Z'.
The search for new gauge bosons at existing colliders gives only a limit on the masses. At
the Tevatron, direct searches of Z' in the channels 7' — ete™ and Z' — p*p~ led to mz >
630 GeV/c? [7]. The searches at Tevatron of a W’ boson decaying leptonically report a limit
of myy > 720 GeV/c? if the right-handed neutrinos are light and my, > 650 GeV/c? if they
are heavy [8]. The indirect limit on the W' mass is given by the analysis of the contribution
of the right-handed currents to the K9 - K% mass difference which leads to a limit of 1.6
TeV/c? [9]. Indirect searches of new gauge bosons are also performed at lepton colliders
where the indirect discovery limits are related to the deviations from SM predictions for
various cross sections and asymmetries due to the interference between the Z’ propagator
and the v and Z° propagators [10]. Results from LEP2 (y/s = 200 GeV) yield a limit of 1
TeV/c* for a SSM Z' boson [11].

The discovery of the Z' boson would constrain models of electroweak symetry breaking.

The decay rate Z' — WHW ™ is sensitive to the Z - Z' mixing angle [12]. The mixing angle
is small in models where the Z”WW coupling is strongly suppressed, and large in models
with a strongly interacting Higgs sector [13] where the new gauge bosons are considered as
resonances in the WW or WZ channels and the production amplitude would be of the second
electroweak order as for the WW or WZ production.
In the present paper, we examine the feasibility of detecting the Z' boson via the decay
7' — WW, which is not the principal discovery channel, but can help to understand the
origin of the new gauge bosons. In section 2, we describe the characteristics of the pro-
duction and decays of the Z’' boson within a reference model (SSM) at LHC. In Sect. 3
we describe features of the performance of the ATLAS detector wich are important for the
signal observability in this channel. Sect. 4 is dedicated to the details of the performed
analysis and gives final estimates on the discovery potential of Z’ boson in this channel. We
give a summary and conclusions in the last section.



2 Production and decays of a heavy 7’ boson

In this section, we give the main properties of the different decay modes of a heavy Z’ boson.
The usefulness of each decay mode will be also discussed. In the following, we consider that
the Z' boson is allowed to decay into a pair of jets, leptons and SM bosons. The branching
ratios of these decay channels will be estimated in a SM-like situation (SSM).

In the reference model described in [14], the couplings of the Z' boson to quarks, leptons
and W bosons are a direct transcription of the corresponding standard coupling. In partic-
ular, the decay widths into a WW and fermion pair are given in this model by:

' ~ g mz 4
D(Z' = WW) ~ 7 cotgby  m (mw> (1)

maz

T(Z' = f,f.) = Ne % — x

1+ (1 — 4]Q;|sin0y)? 5
15 % sinttmcostoy LT (L= 4Qylsin 0w)’] (2)

where:

e N¢ is a colour factor (3 for quarks and 1 for leptons).
o a = ¢?/4r and cosby = my /my.

e (); is the fermion electric charge.

An important aspect of equation (1) is the increase of WW width as m3, which leads to a
rapidly increasing branching ratio of the WW channel with m . However, in a large part of
the extended gauge models, while the couplings to fermions are not much different from the
SM ones, the Z'"WW coupling is substantially suppressed with respect to the SM. The mixing
between the new Z’ boson and the SM vector boson is typically of the order of m%/m?%,.
Thus, a significant modification of the reference model is the introduction of a mixing factor

¢% in Eq. (1), given by
2
= () <3>

leading hence to a linear increase of the partial width I'(Z" — WW) with myg. The
branching ratios of the different decay channels do not change significantly with Z' mass

(72— WW) = ¢ % X cos 30y x sin" 0y X my (4)
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Figure 1: Left: Branching ratios for the different Z' decay channels. Right: cross section of
pp — Z' — WW process as a function of my

The Z' total width can be approximated by: T'z/(GeV) = 2.2 GeV + 0.032 * (Myz — My)

In the case of SSM, the factor ¢ is chosen to be unity [14]. The SSM is a very simple
schematization, which cannot cover the wide variety of the SM extensions, but is often used
for purposes of comparison.

In Fig. 1, the branching ratios, calculated for the various Z’ decay channels and the 7' —
WW cross are plotted as a function of mz. The observability of the hadronic decay mode,
which is the dominating one, suffers from enormous QCD background, which is the main
source of background at the LHC experiments. The possibility of Z’ boson detection in the
di-jet decay mode has been discussed in [15] where it was found that a limit of 3 TeV/c? can
be achieved after a one year run at high luminosity.

The leptonic modes have much lower branching ratio than the hadronic ones, but are the
cleanest channels to detect the Z’ signal since the background level is negligible compared
to the signal [16]. The intermediate goal after the discovery of the Z’ boson would be to
understand its origin and its properties, including its couplings to ordinary fermions. The
forward-backward asymmetry and the ratio of cross sections in different rapidity bins in the
Z" — 1]~ decay (1 = e, u), are well known to be sensitive probe of new physics [17].



In the following, we will concentrate on the estimation of the discovery capability of a SSM
Z" boson in the WW channel using the decay chain 7' — WW — [1;5j (1= e, ). The other
possible decay chains Z' — WTW~ — 4 jets and [T~ y;7;, would be much more difficult to
observe, due respectively to the large QCD background and the missing information related
to the two escaping neutrinos. The preliminary results of this study have been published in
Ref. [18].

3 Description of the ATLAS detector

The ATLAS detector consists of four major subdetectors which are described as follows :
the inner detector [19] for particle momentum measurement, the lead-liquid argon electro-
magnetic calorimeter with an accordeon geometry [20], the hadronic calorimeter made with
iron and scintillating tiles in the regions where the radiation level is low enough [21] and
made with copper and liquid argon elsewhere, and the muon spectrometer [22].

In the present analysis, importance is given to the performance of the detector for identifi-
cation and reconstruction of electrons, muons and hadronic jets. Also, a good reconstruction
of EMs* is required to reconstruct the Z’ boson in the WW channel. The latter needs a
careful calibration of all calorimeters and an efficient pile-up and electronic noise suppression
[23].

The results of the detailed detector study, in terms of particles and ET* reconstruction,
are documented in Ref. [24]. Below, we summarize the most important expected perfor-
mances of the detector, which will be crucial for the physics measurements.

The expected energy resolution for electrons is parametrized as:

o(F) a b

E ~ VB ) 7 ®c (5)
The coefficient a of the sampling term is 10% or smaller, except at the end of the barrel
where the amount of material in front of the electromagnetic calorimeter is large. The noise
term b depends on the pile-up and the electronic noise, the constant term c is smaller than
0.7% over the full electromagnetic calorimeter coverage.
For muons, a good momentum resolution can be obtained, in the momentum range 5 < Pr
< 100 GeV/c, by combining the measurements made in the muon system with the ones from
the inner detector. A resolution of o(Pr)/Pr = 2 - 3 % can be achieved in this range of Py
with a reconstruction efficiency better than 85%. For high Pr muons, a degradation of the
resolution is expected (o(Pr)/Pr = 11 % for P =1 TeV/c).

For the hadronic calorimeter, a good energy resolution across the full pseudorapidity
range can be obtained. Widhout pile-up and electronic noise, the energy resolution for jets



is parametrized as:

o(E) %@3% for |n| <3 .

E %
%@7% for |n| >3

The pile-up and electronic noise contribution to the resolution of the hadronic calorimeter
depends on the size of the cone used for the jet energy reconstruction. For a cone size of
AR = 0.4, the combined contribution of the pile-up and electronic noise to the jet energy
resolution is 4.7 GeV.

Good measurement of the missing tranverse energy is needed to reconstruct the invariant
mass of new particles involving neutrinos among their decay products. If the coherent noise
is smaller than 3 MeV per channel in the electromagnetic calorimeter, which is one of the
requirements for its electronics, the resolution on the EM* would be:

(Emz.ss) 0.5 X V> Er at low luminosity ™
o =
T 1.1 x /Y Er at high luminosity

In this work, the ATLAS response to simulated events was studied with ATLFAST [25],
a fast simulation program which carefully takes into account the expected performance of
the ATLAS detector described above. In the simulations, the electrons, muons, jets and the
missing transverse energy are reconstructed using the following procedure:

e The transverse energies of all stable particles (except neutrinos and muons) are summed
in calorimeter cells of a given granularity An x A¢ (0.1 x 0.1 for || < 3 and 0.2 X
0.2 for |n| > 3). Clusters are defined by summing up all the cells in a cone AR =

VAR? + A¢? = 0.4 around the cluster initiator (i.e. cell with the highest Er).

e If the cluster matches a generated electron passing the selection criteria (pr > 5 GeV/c
and |n| < 2.5) with AR < 0.1, it is tagged as an electron and the isolation cuts are
applied: the electron must be separated by AR > 0.4 from the other clusters and the
transverse energy deposition in a cone AR = 0.2 around the electron should not exceed
10 GeV. The energy of the isolated electron is smeared by using the expected energy
resolution of the electromagnetic calorimeter:

U(E) 12% Onoise
= 0.7 8
E - VEY B 00T ®)

the noise coefficient 0,,4;se i parametrized as in [26].

e Muons were required to pass the selections Pr > 6 GeV and |n| < 2.5. They were
also required to be isolated i.e. the distance from calorimeter clusters AR < 0.4 and



the transverse energy deposition in a cone AR = 0.2 around the muon was required
not to exceed 10 GeV. The efficiency of the isolation criteria is about 97.8% for muons
passing selection criteria.

In our analysis, muon tracking is obtained by combining informations from the In-
ner Detector [27] and the Muon Spectrometer [28]. The momentum resolution is
parametrized as a function of Pr and 7.

In the final results, an efficiency of 90% is conservatively assumed for the reconstruction
of electrons and muons.

e The clusters which are not identified as electrons or photons are classified as jets. The
jet energy is smeared according to a Gaussian distribution given by the expected energy
resolution for jets (Eqs. 6 and 7). At high luminosiy (103 ¢m™2s7!), a pile-up noise
term is added in quadrature (op;e—yup = 7.5 GeV for a cone of radius AR = 0.4).

e The missing transverse energy is obtained by summing the transverse momenta of all
isolated electrons, photons and muons, of all jets, of clusters which have not been ac-
cepted as jets, of non isolated muons which were not added to jets and off all cells which
have not been used for clusters reconstruction (the energy of these cells is smeared with
the same energy resolution as for jets).

4 Event selection and background reduction

4.1 Signal reconstruction

The PYTHIA 5.7 and JETSET 7.4 event generators [29] have been used for the signal and the
SM background generation. The signal Z/ — WW — [1,jj where one Z' decays hadronically
and the other leptonically, is characterized by a final state with one isolated lepton, a large
missing transverse energy due to the escaping neutrino and at least two jets. As in many
physical processes at the LHC (i.e. search for a heavy Higgs, measurement of the top quark
mass ...), the reconstruction of the two jets coming from the W decay will play an important
role in the signal discrimination from the background. A detailed description of the different
methods, which can be used for the reconstruction of the W — jet-jet decay, is reviewed in
Ref. [30]. In the case of jets with a small opening angle, two methods can be used. When
the two jets are slightly overlapping, the W mass is calculated as the invariant mass of the
cluster obtained by summing the energies of cells within a big cone AR = 0.5. The energy of
each jet is then calculated by reconstructing both jets in smaller cones of AR = 0.2, within
the big cone of the cluster, and applying a special method to share the energy in the overlap
region between the two jets. In the case of a high Pr W, which gives two severely overlapping
jets, the energy is collected within a single cone. Amongst the cones found, the one with the
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Figure 2: AR separation between the two partons coming from the hadronic W decay

invariant mass nearest the W’s is chosen. The two jets are not reconstructed separately in
this method.

Given the experimental limits cited in the introduction of this paper, our analysis will

concern the Z' masses in the TeV range (from 750 GeV/c? to 4 TeV/c?). The W bosons
from the decay of such a heavy 7’ will have a large boost; typically, the distributions of the
two W transverse momenta have a maximum at my /2. This results in a pair of jets very
close in space (see Fig. 2), and difficult to separate in the detector. An algorithm based on
the last method was implemented to reconstruct the hadronic decay of the high Pr W. The
first method can be applied for mz < 1 TeV/c?, but becomes less efficient for higher masses
where the jets overlap is more pronounced.
Adopting this method, the signal will be characterized by a final state with one isolated
lepton, a large missing transverse energy and a hadronic cluster reconstructed in a big cone
and having an invariant mass compatible with the W nominal mass. The same selection
criteria are applied to the backgrounds.

In the choice of the cone radius, one must be aware that a small cone can introduce the
loss of a big fraction of the energy whereas the pile-up contribution at high luminosity will
be amplified if a too big cone is used. A cone radius of AR = 0.5 - 0.6 seems to be the
optimal choice. The pile-up contribution at high luminosity is taken into account by adding
in quadrature a pile-up noise term in the smearing procedure of each cell energy, this term
depends on the cone size of the cell and its transverse momentum. The results of the hadronic
W reconstruction, obtained for Mz = 1 TeV/c* and AR = 0.5, are shown in Fig.3.
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Figure 3: Big cone mass (a) and reconstructed Py of W — jj compared to the reconstructed
Pr of leptonic W (dashed line) (b) at high luminosity

To reconstruct the leptonically decaying W, the Pr of the neutrino is taken to be the
reconstructed missing transverse momentum. In this way, the transverse mass of the lepton-
neutrino system can be reconstructed as well as the transverse mass of the Z' boson, defined

as:

mi = (Ph+ PR + PF )2 = (PL+ Pyiss+ PI 0y — (B + Pyoe + P72

4.2 Background reduction

The main sources of background are described by:

e The W + jets background, with the W boson decaying leptonically (W — lv). This
backgound is potentially the largest one and becomes dangerous when the two jets have
an invariant mass close to the W mass. In this study, the cross section of W + jets
production given by PYTHIA has been increased by a K-factor of 1.5 to account for
higher-order corrections to high-Pr W + jets production [31]. The total cross section
estimated for this background is 270 pb for P} > 100 GeV/c.

e it background: The total cross section of this background is 600 pb. The b-quarks
produced in the decay chain pp — tt — WbWb can be used to further reduce the ¢t
background using a jet veto in the central region.



e The WW and WZ continuum: in this case, there are two real W and Z, with a total
cross section about 96.4 pb. This background has a much lower rate than the W +
jets and tf backgrounds but is irreducible in the central region.

Shown in Fig. 4 are few characteristic distributions of the three backgrounds compared to
those for the signal of mz = 1 TeV/c%. One can notice the clear peak in the big cone jj mass
around the W mass in the case of the tf and WW-WZ backgrounds due to the presence of
real W bosons in these background types.

4.2.1 Central cuts

To ensure an efficient background rejection, one has to select events with high Pr central
W’s and leptons, which are expected to come from the Z’ decay, and with a large missing
transverse energy. At this stage of the analysis, not knowing the Z’ mass, some of the cuts
are defined as a function of the reconstructed invariant mass m7° in each event. Imposing
the constraint that the invariant lepton-neutrino mass be equal to My gives two solutions
for the longitudinal momentum of the neutrino. The solution with the smaller value was
found to agree generally better with the true value generated, and was therefore used to
estimate the invariant mass m’° in each event at this stage of the analysis. A set of cuts,
called central or high Pr cuts, has been optimised in terms of statistical significance of the

signal above the background:

Lepton cuts: PL, Pmiss > m7£¢/10 (GeV/c) and || < 2.0;

High Pr W cuts: PV =", P97 > mige /3 (GeV/c);

The big cone mass must be compatible with the nominal W mass: Myy_,;; = My £15
GeV/c?;

|n" =93] < 2.0: hadronic W must be central.

Cuts S/B S/VB S/B S/VB
30 fo 1| 30 fb! 300 fb~' | 300 fb!

before cuts 1.9x10°3 2.6 2.x10°3 8.7
hadronic W cuts 6.9x1072 10. 5.6x10 2 31.3
Leptonic W cuts 0.18 13.3 0.144 40.

Table 1: S/B and S/v/B before and after central cuts for My = 1 TeV/c?
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Table 1 gives the signal to background ratios and the significances before and after the central
cuts; the values of S/B and S/ V/B calculated before the application of cuts, are obtained by
requiring one isolated lepton and at least one hadronic cluster in the event.

4.2.2 Central jet veto

A central jet veto is applied to reject the ¢t background which is expected to have large
central jet activity due to the presence of two b quarks from top pair decay. The efficiency
of such a veto has been confirmed by the studies concerning the heavy Higgs search in the
channel H — WW [32, 33]. After central events selection, the events containing central jets
(Inj| < 2.0), with Pr > P" are rejected. After identification of the cluster coming from the
hadronic W decay, the central jets are reconstructed using a standard cone algorithm with
AR=0.4.

The efficiency of such a cut depends on the choice of the P#" value. At low luminosity
the jet veto threshold can be lowered without loss of signal efficiency while keeping a good
rejection of the background. At high luminosity minimum-bias events tend to generate
additional low Pp jets and the jet veto threshold has to be raised. A PH" of 20 GeV
at low luminosity and 30 GeV at high luminosity has been chosen. In the presence of high
luminosity pile-up, the surviving efficiency for the signal is 60%. For the W+jets background,
the efficiency is significantly lower than for the signal (37%) because of the larger jet activity
in these events. As predicted before, the t¢ background is strongly reduced by the jet
veto with an efficiency of 15%. For the WW-WZ background, the efficiency is not much
different from the signal one (55% at high luminosity) because the central cuts applied to
this background select real W or Z with high Pr similar to those from Z’ decay making this
background irreducible in the central region.

The effect of the jet veto on the statistical significance is illustrated in table 2, where eg
and ep denote respectively the efficiencies for signal and the background. The significance
is improved by the veto if the ratio eg/\/€p is greater than 1. The effect of the veto on
the signal to background ratio is clear but no improvement of the significance is observed
for my > 1.5 TeV/c®. The increase of the WW-WZ continuum contribution to the total
background in the central region with high mass, which leads to an increase of eg, could be
an explanation of such a behavior.

4.3 Discovery potential

After applying all cuts described above, we can estimate the expected statistical significance
as a function of My after three years running at high and low luminosity. The limit obtained

11
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myz (GeV/c?) 750 1000 1500 2000 2500
€s/€ep 2.32 2.35 1.8 1.5 1.34
€s/\/€B 1.22 1.2 1.05 0.9 0.85
% of WW-WZ 4.8% 10.1% 20.2% 36.7% 49.5%

Table 2: €5/\/ég and the contribution of WW-WZ continuum to the total background at
high luminosity

for Z' — WW coupling, corresponding to a significance of 50 has been determined. In Fig. 5,
we show the ratio of (0.B)im, the cross section required for a significance of 50, to (0.B)ssum,
the cross section obtained using the reference model, for My ranging from 750 GeV to 3
TeV. We assume that, for a discovery in the SSM scenario, the (0.B)limit/(0.B)ssy < 1
and at least 10 signal events are expected. For an integrated luminosity of 30 fb~!, the
channel Z/ — WW — lvjj allows discovery of the SSM Z’ boson up to masses about 1.6
TeV/c?. This limit is about 2.2 TeV/c? for an integrated luminosity of 300 fb—!. For higher
masses, it seems difficult to detect the SSM Z’ boson in this channel due essentially to the
rapid drop of the associated cross section. Shown in Fig. 6 is the transverse mass spectra
for a 1.5 TeV Z' boson together with the contribution from the residual background.

Alternatively, in the general case where the coupling of Z’ to WW pair is suppressed by
a factor ¢ X (myz/mz)? compared to the standard ZWW coupling, if no signal is observed,
one can obtain an upper bound ¢, at the 3o level, on the ratio of the Z/WW coupling to
the SSM values (Fig. 7).

The discovery limits found in this section can be applied to extract new limits for other
generic resonances, in the WW channel. Such resonances appear in strong symmetry break-
ing models where the Higgs is very heavy [32], in technicolor models [34] or in more general
Chiral Lagrangian models. Given the production cross section, the width of the resonance
and the branching ratios, the limits found in the present study can be re-interpreted in terms
of limits for the new models. If the resonance is produced by vector boson fusion, forward
jet tagging provides an additional selection criterion.

13
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5 Reconstruction of the 7’ invariant mass

The mass of the Z’ can be obtained by constraining P!, the longitudinal momentum of the
neutrino, to yield an invariant mass of the lepton-neutrino system equal to the mass of the
W. In Sect. 4.2, the smaller of the two calculated values of P! was chosen. If the Z’ boson has
been discovered, a second method would be to choose the solution which yields the invariant
mass closer to the expected Z' mass extracted from the transverse mass distribution.

The two methods are compared in Fig. 8, for the signal ( Figs. 8a and 8b) and for
the signal together with the residual background (Figs. 8c and 8d). The second method
gives a better resolution on the Z’ mass but creates an artificial peak in the background
distribution around the Z’' mass since a value closer to my was chosen. After the discovery
of the Z' boson, if one is able to extract the signal, which will need an adequate knowledge
of the physics backgrounds, the artificial peak could disappear and the Z’ width could be
estimated.
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Figure 8: Invariant mass distribution obtained with the two methods for the signal and for
the signal with the residual background. The distributions correspond to Mg = 1.5 TeV/c?
and an integrated luminosity of 300 fb=1
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6 Conclusions

The possibility to observe a new Z’ boson in the Z' — WW channel was examined. Even
if the Z' boson is first observed via the purely leptonic decay mode, the measurement of
the Z/WW vertex would give independent information on the new physics. The difficulty
of reconstructing a Z’ in this channel comes from the need to identify a high Py hadronic
W giving two very close jets. A single cone method seems to be the optimal procedure in
this case. This decay channel suffers also from the enormous background coming essentially
from the WW, WZ continuum, the W + jets production and ¢t pairs. Central cuts selecting
a high Pr WW pair are used to reject a large part of the backgound. These cuts can be sup-
plemented with the central jet veto to reject the ¢ background. The usefulness of this veto
is limited to the Z’' boson with mass lower than 1.5 TeV/c?. For an integrated luminosity
of 300 fb~', the SSM Z’ signal can be seen clearly up to masses of 2.2 TeV/c?.

The limits found in this study can be re-interpreted to obtain discovery limits of other generic
resonances, arising in other models, like technicolors signal. A detailed study of the charac-
teristics of the resonance could help to distinguish between different models.
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