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Abstract: The discovery potential of multiscale technicolor resonances in ATLAS is
studied in a low luminosity scenario. In particular, strategies for a search for the �T , �T ,
and !T in various decay channels, and for b�b and t�t resonances in �T decays are examined.
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Both the Standard Model and supersymmetry predict the existence of a relatively
low mass Higgs particle. However, no direct experimental evidence exists, yet, that elec-
troweak symmetry breaking results from the Higgs mechanism operating in the presence
of a scalar �eld. In the Standard Model, requirements of vacuum stability and validity
of the running of the e�ective coupling, in next-to-leading order, limits the allowed range
for the mass of the Higgs boson [1]. The theory su�ers from problems of triviality and
naturalness/hierarchy [2]. Supersymmetry is an appealing alternative since it solves some
of these problems, but at the cost of more particles and Higgses, including a light scalar
not yet discovered. If no fundamental scalar particle exists, ATLAS will need to be ready
for new physics which will need to account for the breaking of electroweak symmetry, for
the regularization of the quadri-vector boson coupling, and for providing a mechanism
for the generation of mass to the fermions. Understanding the mechanism of electroweak
symmetry breaking will require a study, in the high energy regime, of the rate of longitu-
dinal gauge boson pair production, since it's the longitudinal component which provides
the mass to these bosons. It will also be essential to search for the presence of new reso-
nances which could regularize the vector boson scattering cross section. This will be one
of the primary challenges of ATLAS.

Technicolor theory (TC) provides a dynamical means of breaking the symmetry [3].
It assumes the existence of technifermions possessing a technicolor charge. Classical TC
is essentially a replica of QCD with the pion decay constant replaced by the EW scale:
246 GeV. The chiral symmetry of QCD is broken by techniquark condensates giving rise
to Goldstone bosons, the technipions, which are the longitudinal degrees of freedom of
the W and Z gauge bosons. This simple model is largely ruled out [4] by the present
electroweak precision data (S, T and U parameters). The theory has been extended
(extended technicolor, or ETC) to allow the generation of mass to the known fermions [5],
and, in order to account for the absence of FCNC's, the coupling constant is required
to \walk", rather than \run". In order to achieve a walking �TC, multiscale technicolor
models contain several representations of the fundamental family, and lead to the existence
of technihadron resonances accessible at LHC energies. Such models, and others [6],
are not necesarily excluded by precision electroweak measurements[7, 8]. However, the
constraints from these measurements make it unnatural to explain the top quark mass.
In top-color-assisted technicolor (TC2) models, the top quark mass arises in large part
from a new strong top-color interaction, which is a separate broken gauge sector.

The search for technipions and associated ETC gauge bosons is discussed in recent
references [9, 10]. In this note, we shall examine how these predicted resonances can be
observed with the ATLAS detector. In particular, we discuss the search for a (I=1, J=1)
techni-rho resonance decaying to a pair of gauge bosons, or to a techni-pion and a gauge
boson. Single production of a technipion may be detected under particular conditions if it
decays to heavy quarks. A clean signal of the techni-omega can also be obtained from the
process pp ! !T ! �0

T . Although we use as reference certain models, with a given set
of parameters, the signals studied here can be considered are generic of any model which
predicts resonances. Therefore, we shall present results in each case not only relative to
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the reference model, but also as lower limits on the ��BR (cross section times branching
ratio) required for observation of the resonance at the 5� level.

All the signals and backgrounds discussed in this note have been generated with
PYTHIA 6.1 [11]. The trigger acceptance as well as the detector acceptance and res-
olution e�ects were simulated with the parametrized Monte Carlo program ATLFAST
1.53 [12], with default values of the parameters. In particular, jets were reconstructed
with the cone algorithm, requiring a cone radius of 0.4 and a minimum ET of 15 GeV.
Low luminosity conditions (L = 1033 cm�2 s�1) are assumed for the energy resolution of
jets. Leptons were required to be isolated, meaning that their electromagnetic cluster in
the calorimeter were separated from other clusters by �R > 0:4 and ET < 10 GeV in a
cone �R = 0:2 around the lepton. Jets were identi�ed as b-jets if a b-quark of pT > 5
GeV was within a cone radius of 0.2 of the direction of the jet. For b-tagging e�ciencies
and rejection factors, case 3, in ATLFAST-B was used: i.e. 53% global e�ciency and 91%
global rejection of non-b jets are assumed.

To study the multiscale technicolor signals, we take as guiding model the theoretical
formulation of K. Lane [13, 14], containing two isotriplets of technipions which mix with
WL; ZL, with the parameters suggested there: the dimension of the fundamental repre-
sentation SU(NTC) of the technicolor gauge group NTC = 4; the mixing angle between
the longitudinal gauge bosons and the technipions, j�T >= sin�jWL > +cos�j�T >,
with sin(�) = 1=3; the decay constant of the mixed state FT = F� sin(�) = 82GeV, and
a charge of the up-type technifermion QU = 1:0, QD = 0. This model has recently been
incorporated in PYTHIA6.1 [11]. It should be noted that the decay widths of the �T and
the !T depend upon the value of (Q2

U + Q2
D) and upon the masses of these resonances.

The branching ratios assumed in the present analysis do not account for possible decays
to transversely polarized gauge bosons, as recently calculated in [15].

The Feynman diagrams for the processes examined in this section are shown in �g. 1.
The processes proceed by qq fusion. Another note [16] evaluates the importance of the
WW process. The decay channels of a techni-rho (�T ) depend on the assumed masses
of the techniparticles. Fig. 2 shows the dominant channels in a space of m�T vs m�T .
Di�erent \typical" mass scenarios (shown by asterisks in the �gure) have been considered
here (see table 1).

The �rst case is chosen because it has been studied for the Tevatron[14]. Other cases
are representative of what one may expect to probe at the LHC. When the �T has been
chosen to be lighter than 2m�T the decay channel �T ! 2�T is kinematically forbidden.
It is also be assumed in this present analysis that the �T coupling (and therefore its
decay) to the top quark is very small, as may be expected in TC2 theories. This is an
approximation, but is certainly true if the mass is lower than mt. A more general case
will be considered in the analysis of a t�t resonance.
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Figure 1: Feynman diagrams for technicolor signals from processes of q�q and gg fusion
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Figure 2: Principal decay channels of the �T and �T in di�erent regions of m�T and m�T .
The asterisks (*) show the cases studied here
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case m�T ���
T

��0
T

m�T ���
T

��0
T

(a) 220 0.9 1.2 110 0.07 0.17
(b) 500 4.5 4.6 300 0.18 0.46
(c) 800 7.6 7.6 500 0.30 0.77
(d) 800 76.7 76.8 250 0.15 0.38
(e) 500 67.0 67.2 110 0.07 0.17
(f) 500 1.1 1.03 500 0.30 0.76
(g) 800 130.2 130 110 0.07 0.17
(h) 800 52.4 52.5 300 0.18 0.46

Table 1: List of di�erent cases considered in the present analysis. (in GeV)

1 ��T !W�Z0
! `��`+`�

This decay could be the cleanest channel for the detection of a technirho. The good
e�ciency of the ATLAS detector for lepton detection and missing transverse energy mea-
surement allows clear identi�cation of the W and Z bosons. The resonant production of
high mass WZ with W decaying to two jets has been investigated in the framework of
the Chiral Lagrangian Model by [17]. Table 2 shows the parameters assumed here for
the techniparticles and the number of events used for the signal simulation. Di�erent ��T
masses are considered depending on the kinematical region allowed by its decay (Figure 2).
The branching ratios quoted account for a preselection on the mass of the hardscattering
subsystem (m̂ > 150, 300, 600 GeV/c2 for m�

�

T

= 220, 500 and 800 GeV/c2 respectively).

This preselection was made to limit the number of generated events.

m�T m�T ��T BR (�T ! WZ) � �BR Nb. of events Nomalization
GeV/c2 GeV/c2 GeV/c2 (pb) simulated factor
220 110 (a) 0.93 0.13 0.16 104 0.48

110 (e) 67.1 0.014 1:04 � 10�3 104 3:1� 10�3

500 300 (b) 4.47 0.21 1:3 � 10�2 104 0.04
500 (f) 1.07 0.87 5:4 � 10�2 104 0.16
110 (g) 130.2 0.013 1:5 � 10�4 104 4:4� 10�4

800 300 (h) 52.4 0.032 3:6 � 10�4 104 1:1� 10�3

500 (c) 7.6 0.22 2:5 � 10�3 104 7:5� 10�3

Table 2: Signal parameters for the ��T ! W�Z0 ! l��l+l�. Normalization is for 30 fb�1

The only background which needs to be considered is the continuum production of
WZ gauge bosons, with a cross section of 21 pb. The number of events simulated was

5



4� 104, with only the leptonic decays W� ! l��(�), and Z0 ! l+l� with l = e; � (BR =
0.216 and 0.067 respectively).

The applied cuts were the following:

� The lepton trigger serves as a preselection. At least 3 charged leptons (E`
T > 20 GeV

for e's and 6 GeV for �'s), two of which must have the same avour and opposite
charge, are required

� the invariant mass of the lepton pair with the same avour and opposite sign should
be close to the that of the Z: ml+l� = mZ � 5 GeV/c2.

� The longitudinal momentum of the neutrino is calculated, within a 2-fold ambigu-
ity, from the missing transverse energy and the momentum of the unpaired lepton
assuming an invariant mass m`� = mW . Both solutions are given a weight of 0.5.
Once the W and Z are reconstructed, their transverse momentum is required to be
larger than 40 GeV/c (�gure 3).

� Only events for which the decay angle with respect to the direction of the WZ
system (�T ) in its rest frame is j cos �̂j < 0:8 are accepted.. This variable is sensitive
to the polarization of the �T (see �g. 4).

Table 3 shows the number of signal and background events that result from these
cuts, for an integrated luminosity of 30 fb�1, for all the cases considered. The events
were counted in mass regions around the �T peak: [210-240 GeV]. [460-560 GeV] and
[740-870 GeV ] for m�T=220, 500 and 800 GeV/c2 respectively. No evident signal is
observed for cases (e), (g) and (h) (see table 3 and �gure 5), principally because the
�T resonance is predicted to be wide in these cases. Table 3 shows also the lower limit
on (� � BR) required for a 5� signi�cance, from which one could infer the potential
of observability for a di�erent assumed branching ratio. Since this signal is based only
on lepton reconstruction, the signi�cance can be expected to scale approximately as the
square root of the integrated luminosity, even in the presence of pile-up.

2 ��T ! ��T Z0
! bq`+`�

Here, the technipion decays to b and c quarks (a c-quark jet will not be distiguished from
a light quark jet in this analysis). Only cases (b), (c) and (d) are considered here. Given
the parameters chosen for the model, the branching ratios BR(�T ! ��T Z

0) are 39.8%,
38.2% and 13.0% respectively. In all cases, ��T decays to c�b � 92% of the time (assuming
that the t�b channel is closed or highly suppressed, as in TC2 models). To obtain the
overall branching ratio, one must multiply by BR(Z ! `+`�)=6.7% (` = e or �).
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Figure 3: ��T ! W�Z0 ! `��`+`�: Transverse momentum of the reconstructed Z from
di�erent ��T masses and from the WZ background.
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Figure 4: ��T !W�Z0 ! `��`+`�: Distribution of decay angles of the �T candidates for
three cases of �T production and for WZ background.
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Figure 5: ��T ! W�Z0 ! `��`+`�: Reconstructed W�Zo invariant mass. The solid line
is for the �T signal and the �lled area for the WZ background. The three diagrams show
the di�erent �T for the cases where m�T = 100, 300 and 500 GeV/c2.
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case (a) (e) (b) (f) (g) (h) (c)
signal events 484 4 89 376 0.7 237 20
background 134 24 24 24 6 6 6

S/
p
B 31.6 0.7 14.7 64.2 0.3 1.2 10.9

� �BR

model 0.16 1.04 10�3 1.3 10�2 5.4 10�2 1.5 10�4 3.6 10�4 2.5 10�3

for 5� signi�cance 0.025 7.43 10�3 0.44 10�2 0.42 10�2 2.5 10�3 1.5 10�3 1.2 10�3

Table 3: Expected signi�cance for the signal ��T ! W�Z0 ! `��`+`� after event selec-
tion.

The principal backgrounds are: Z + jets (consisting of qq ! gZ, qg ! qZ and
qq ! ZZ), t�t, and continuum WZ production (q�q ! WZ, with a preselection requiring
pT > 30 GeV). Table 4 shows the cross sections of signals and backgrounds, and the
number of events used for the simulation.

Process preselection � Nb. of events
(pb) simulated

�T case (b) m̂ > 100 GeV/c2 4.29 2:2 � 105

�T case (c) m̂ > 600 GeV/c2 0.77 1:22 � 105

�T case (d) m̂ > 600 GeV/c2 0.735 1:30 � 105

Z + jets Z ! `+`�; p̂T > 100 GeV/c 85.5 106

80< p̂T < 100 GeV/c 74.7 105

t�t p̂T > 100 GeV/c 333 5:3 � 106

WZ p̂T > 30 GeV/c 20.6 106

Table 4: Signals and backgrounds for the observation of ��T ! ��T Z
0 ! bq`+`�

The cuts used in this analysis are the following:

2A. Two same avor, opposite charge leptons required, with p`1T > 60 GeV/c and p`2T >

20 GeV/c.

2B. The invariant mass of the lepton pair should be close to the mass of the Z: jm`` �
91:GeVj < 5: GeV. The histogram of m`` is shown in �g. 6

2C. One identi�ed b-jet is required. The highest pT b-jet is assumed to come from the
technipion decay. It must satisfy the conditions: j�bj < 2 and pbT > 100 GeV.

2D. At least one jet, not identi�ed as a b-jet is required. The highest energy jet is the
candidate. It must satisfy j�jj < 2 and p

j
T > 100 GeV.
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2E. In order to tune the next cut, we exclude the low mass regions and restrict ourselves
to events having mbj > 150 GeV and m``bj > 300 GeV. In the rest frame of the bj``
system (the �T ), we accept only events for which the angle of decay with respect to
the direction of the �T is j cos �̂llbjj < 0:6 This cut is justi�ed in �g. 7. This angle is
sensitive to the polarization of the �T .

2F. We further require j�b � �j j < 2

Fig. 8 shows the signals and backgrounds expected with the above selection after 3
years of low luminosity running (integrated luminosity of 30 fb�1). The statistical uc-
tuations represent the generated statisitics and are consequently exaggerated. Cases (b)
and (c) give clear signals above background, but case (d) is not resolved from background,
not only because of its small number of events, but also because of the larger width, 77
GeV, of the �T resonance.

A better resolution of 2-jet systems would considerably improve the signal to back-
ground ratio. As is shown in �g. 9, the di�erence in the reconstructed masses m�T and
m�T is better resolved than the individual masses separately, since uncertainties in jet
pair mass measurement largely cancel. An improved jet pair resolution can be achieved
by choosing a larger cone for jet reconstruction. Fig. 10 shows the e�ect of selecting a
value of �R = 0:7 instead of �R = 0:4. However, by doing so, we would become more
susceptible to pileup from minimum bias events, and other detector e�ects. In order to
extract the signi�cance of the signals (see table 5), we count the number of signal and
background events in mass regions around the signal peak in the following way: for cases
(b), (c) and (d), the selected regions were fm�T �m�T ;m�T g = f175-230,200-350g, f250-
350,350-600g and f420-620,190-280g respectively (in GeV). It was veri�ed that the results
do not change signi�cantly if a cone of size �R = 0:7 is used. The systematic error due
to the uncertainty in the shape of the background is not included.

3 ��T !W��0T ! `��b�b

With the multiscale technicolor model parameters used, the branching ratio BR(�T !
W��T

0)= 36.3%, 38.2% and 13.2% for cases (b), (c) and (d) respectively. The �T 0 decays
90% of the time to b�b (assuming that the t�t channel is closed, as in the TC2 model). The
overall branching ratio must include BR(W� ! `��)=21.6% (` = e or �). It must be
noted that, however, that the decay of a coloured technipion to a pair of gluons may have
a dominant branching ratio. This case has been analysed for the Tevatron energy [18].

The backgrounds considered here are: t�t, W + jets (consisting of: qq! W , qq! gW ,
qq ! WW and qg ! fW ), Z+jets and WZ. Background from Wb�b production, which
should represent a subset of the W+jets background has also been generated with a code
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Cut �T case (b) �T case (c) �T case (d)
2A-2B 435/2800/145 92/875/41 32/1265/26
2C 247/ 859/ 62 76/389/ 9 21/ 427/1.9
2D 144/ 169/ 24 58/ 77/ 1.9 12/ 111/1.9

2E-2F 115/ 116/ 17 48/ 44/ 1.9 11/ 49/0

S=
p
B 10.0 7.1 1.6

� �BR (pb)
model 0.104 0.018 0.0059

for 5� signi�cance 0.052 0.013 0.018

Table 5: ��T ! ��T Z
0 ! bq`+`�: Number of signal/Z+jets/t�t events around the mass

peak of the signal, after the application of successive cuts (see the text). The last two
lines give the ��BR predicted by the model, with the assumed values of the parameters,
as well as the � �BR required for a 5� signi�cance of the signal

obtained from ref [19], running of HERWIG 5.6, for the purpose of checking. The cross
sections of signals and backgrounds, as well as the number of events generated for the
simulation are shown in table 6.

Process preselection � Nb. of events
(pb) simulated

�T case (b) m̂ > 100 GeV/c2 4.29 2:2� 105

�T case (c) m̂ > 600 GeV/c2 0.77 1:22 � 105

�T case (d) m̂ > 600 GeV/c2 0.735 1:30 � 105

t�t p̂T > 100 GeV/c 333 5:3� 106

W + jets W ! `�; p̂T > 100 GeV/c 638 6� 106

Wb�b 19.9 2� 105

Z + jets Z ! `+`� p̂T > 100 GeV/c 85.5 6� 105

WZ 20.6 106

Table 6: Signals and backgrounds for the observation of ��T !W��0
T ! `��b�b

Events are selected according to the following criteria:

3A. One lepton is required, having pT > 30 GeV and j�j < 2.

3B. Two reconstructed b jets are required. They must be in the central region (j�j < 2).
The most energetic one must have pT > 100 GeV and the other pT > 50 GeV.

3C. The missing transverse energy should be Emiss

T > 50 GeV.
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3D. E�cient reduction of the dominant t�t background can be achieved by applying a jet
veto. No extra jet, with pT > 40 GeV, besides the two b-jets are allowed.

3E. In order to tune the next cut, we restrict ourselves to events having mbb > 150
GeV/c2 and m`�bb > 300 GeV/c2.

3F. The W is reconstructed from the lepton and Emiss

T four-momenta (the longitudinal
momentum of the neutrino is calculated to give the correctW mass, up to a two-fold
ambiguity). We require that the two corresponding solutions for the reconstructed

mass of the �T not di�er signi�cantly: jm(1)

`�bb � m
(2)

`�bbj < 80 GeV/c2. This cut is
found to be e�cient at rejecting events which do not contain a W and for which the
two solutions are very di�erent.

3G. For each of these solutions, we consider the following cut: in the rest frame of the
l�bb system, we require that the decay angle with respect to the direction of the �T
be j cos �̂bbj < 0:6. The importance of this cut is seen in �g. 11.

Fig. 12 shows the signals and backgrounds expected with the above selection with 30
fb�1. Both solutions are included in the histogram, with weight 0.5 each. Clear signals
can be seen above background for some of the above cases, although poor mbb resolution
is obtained. The signi�cance of the signals that would be obtained is given in table 7.
The following windows were used for the peak regions: fmbb;ml�bb�mbbg = f230-340,170-
270g, f300-560,200-400g, f180-300,380-620g GeV, for cases (b), (c) and (d) respectively.
Also shown in table 7 are the � �BR required for a 5� signi�cance. One notes that the
Wb�b background is generally a small fraction of the W + jets background. The two bjets
from the former sample of events are usually softer than the jets from the latter, and
are therefore less important in the signal regions. The uncertainty in the shape of the
background can constitute an important systematic error.

4 b�b resonances

Color-octet technipions have a higher production cross section through gg fusion than
color-singlet due to color counting factors. Since they couple to ordinary fermions pro-
portionally to the square of their mass, they will decay to the highest mass pair possible,
the signal would be a b�b or t�t resonance. It must be noted that the decay to gg pairs
compete with these channels and may dominate. Other b�b resonances are predicted by
topcolor models, where the topgluon splits into heavy quarks. The mass reach of such
topgluons at the Tevatron (2 fb�1) has been estimated to be close to 1 TeV, depending
on the width [20] Since the models of production and decay vary enormously, the analysis
will be viewed here as a generic search for single production of techniparticle. For the
purpose of this study, the process of �8 production by gluon-gluon fusion, as implemented
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Cut �T case (b) �T case (c) �T case (d)
3A-3B 417/11400/6/77 122/9114/3/112 45/2300/16/82
3C 235/6900/4/38 93/6300/3/69 38/1980/7/65
3D 122/357/3/7 33/285/3/24 17/74/4/12

3E-3F 106/251/3/5 26/160/3/15 13/7/3/0
3G 86/165/1/5 24/118/3/10 12/5/3/0

S=
p
B 6.6 2.1 4.2

� �BR (pb)
model 0.336 0.064 0.021

for 5� signi�cance 0.255 0.15 0.025

Table 7: ��T ! W��0
T ! `��b�b: Number of signal/t�t/Wb�b/(W+jets and Z+jets) events

around the mass peak of the signal, after the application of successive cuts (see the text)
for an integrated luminosity of 30 fb�1. The last two lines give the � �BR predicted by
the model, with the assumed values of the parameters, as well as the ��BR required for
a 5� signi�cance of the signal

in PYTHIA according to the one-family model [21, 22] is used here. The �8 is a color
octet technimeson. The mass has been chosen to be 300 GeV, i:e: below the t�t threshold.
Generic vector resonances, such as topgluons, of masses 500, 1000 and 2000 GeV have
also been studied.

The backgrounds considered for this process are: hard QCD (with p̂T > 80 GeV/c
and

p
ŝ > 200 GeV) and t�t.

To extract the signal, the only selection was to require at least two identi�ed b-jets
with a minimum value of pT in the region j�j < 2. Since a b trigger is not implemented
in ATLAS, the LVL1 trigger J75 x3 (i.e. 3 jets with pT > 75 GeV) will be required in the
search for the 300 GeV resonance. For the other higher resonances considered, the single
jet trigger J180 will su�ce. Events having a third jet are rejected if pT > pT3(max) (see
table 8). Table 8 also shows the required � � BR required for a 5� discovery. In each
case, the resonance would be seen as a small, but statistically signi�cant peak on top of a
very large, steeply falling background. In this study, the assumed intrinsic widths of the
resonances were very narrow. For wider resonances, the intrinsic width must be added in
quadrature with �m, shown in table 8 and a new estimate of � �BR obtained.

5 t�t resonances

This is the same case as above, but with a technipion su�ciently massive, 500 GeV/c2,
to decay to t�t pairs. Although the decay of a technipion to t�t is highly suppressed in
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mbb pmin
T (b1=b2) pmax

T3 �m (GeV) � �BR (5�) (pb)
300 75/75 100 37 13
500 180/50 50 60 7.0
1000 200/100 100 70 0.57
2000 300/200 100 160 0.11

Table 8: b�b resonance: dicovery limits, with 30 fb�1, for narrow b�b resonances of di�erent
masses, after cuts on the minimaum pT of the reconstructed b jets, and a maximum pT
of any third jet. Also shown is the approximate width of the reconstructed resonance.

topcolor assisted technicolor models, other resonances, such as a topgluon are predicted
by such models. Salar �elds decaying to t�t are also predicted as scalar bound states of
two mirror fermions in other models of alternative symmetry breaking [23]. As for the b�b
study above, the process of �8 production, implemented in PYTHIA is used here.

The backgrounds are:

(i) W+jets (with p̂T > 80 GeV). Only events having at least one lepton and one b-jet
(before b-tagging) have been generated for this analysis.

(ii) t�t, with a requirement of p̂T > 80 GeV. Only events with one lepton have been
generated.

(iii) hard QCD (with p̂T > 80 GeV/c and
p
ŝ > 200 GeV). The cuts applied at generator

level do not a�ect signi�cantly the results below.

The mass of the �8 is reconstructed by looking for the channel t�t ! `�b bjj. The
following selection criteria are applied:

6A. One lepton having pT > 20 GeV and within j�j < 2 is required for the trigger.

6B. Two b jets are required, with pT > 60 GeV/c and 40 GeV, and within j�j < 2. Two
additional jets, not identi�ed as b-jets are required, with pT > 50 GeV and 40 GeV,
also within j�j < 2.

6C. Emiss
T must be > 20 GeV.

6D. At that point, the W from the t! Wb! `�b decay is reconstructed, using Emiss
T

and the lepton momentum. There is a two-fold ambiguity in the solution. There is
also a two-fold ambiguity in assigning the two highest pT b-jets to the two highest
energy light-quark jets. These ambiguities are resolved by choosing the solution

20



that gives top masses closest to the true mass of the top (175 GeV). The 4th cut
is then 160 < m`

t < 195 GeV and 160 < mh
t < 220 GeV, where m`

t and mh
t are

the reconstructed masses of the top quarks for which the W decays leptonically and
hadronically, respectively.

This simple procedure gives top-mass resolution as shown in �g. 13. The t�t resonance
mass is then reconstructed with a resolution of about 57 GeV. Table 9 shows the discovery
limits for resonances of masses 500, 750 and 1000 GeV for an integrated luminosity of 10
fb�1 and for 100 fb�1.

Mtop - leptonic Mtop - hadronic
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20000

100 200 300 400 500
0
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10000

12000

100 200 300 400 500

Figure 13: �8 ! t�t: Reconstructed masses of top in t�t decays. The left histogram shows
the mass of the top for which the W decays leptonically and the one on the right shows
the mass of the other top, for which the W decays hadronically

mt�t �(t�t) � �BR

(GeV) (GeV) 10 fb�1 100 fb�1

500 57 17 5.5
750 107 7.3 2.30
1000 152 2.55 0.81

Table 9: t�t resonance: masses and natural widths assumed for the study of technicolor
resonances. Also shown are the minimum values of � �BR necessary for a 5� discovery
signi�cance for integrated luminosities of 10 fb�1 and 100 fb�1.
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6 !T ! �0T ! b�b

The !0
T particle is a vector particle of isospin 0. One of its clean decay modes is !T ! �0

T .
A search for this resonance has been performed at CDF [24]. Here, we have investigated
two cases:
(i) m!T = 500 GeV/c2, with width 0.32 GeV and m�0

T

=300 GeV/c2. The cross section
for production is 0.51 pb, according to the model used here [13, 14], as implemented in
PYTHIA, and the branching ratio to �0

T is 87%.
(ii) m!T = 800 GeV/c2, with width 1.0 GeV and m�0

T

=300 GeV/c2. The cross section for

production is 0.093 pb, and the branching ratio to �0
T is 94%. These assumed branching

ratios do not account for decay branches to transversely polarized gauge bosons [15].

For the simulation of the background, a Monte Carlo program for generation of b�b,
provided by M. Mangano [25] was used. We have considered backgrounds from qq! g,
qg ! q and gg ! g (processes 14, 29 and 115 of PYTHIA), as well as general QCD
background with initial and �nal state radiation. Backgrounds from misidenti�ed photon
jets, which are not taken into account, are small, given the rejection that ATLAS obtains,
for example in the study of the H !  process.

To extract the signal, we require

7A. the presence of one photon with p

T > 50 GeV/c within j� < 2j

7B. the presence of 2 identi�ed b-jets, each having pT > 40 GeV/c, and falling within
j� < 2j

7C. the di�erence in azimuthal angles between the two b-jets to be > 2 radians, as we
expect them to be mostly back to back for a heavy decaying system.

With these selection criteria, the signals that remain are shown in �g. 14. The results
do not account for a possible ine�ciency in photon reconstruction (possibly a 20There is
a very signi�cant signal for the lower-mass !T . The higher mass case is less prominent
but still signi�cant. Table 10 gives the observed signi�cances and �� BR required for a 5
� signi�cance with 30 fb�1, for both the lower and higher mass !T , in the mass windows
[250 < mbb < 350; 180 < mbb < 220] and [400 < mbb < 600; 280 < mbb < 330]
respectively.

7 Conclusion

We have examined the observability of technicolor signals in ATLAS, in selected regions
of mass for the techniparticles. Good jet-pair resolution is essential for such studies. In
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Figure 14: !T ! �0
T ! b�b: Reconstructed masses of bb-jet system versus the mass

of the bb system. Two scenarios are considered for the signal: !T of mass 800 GeV/c2

and 500 GeV/c2 decaying to �T of mass 500 GeV/c2 and 300 GeV/c2 respectively. The
signals are in red. In blue is the prompt photon background. QCD leaves no entry in this
histogram (but with a multiplicative factor of 17700).
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!T (500) !T (800)
Nb of events 612/105 174/24

S/
p
B, model 60 35

�� BR, model 0.161 0.033
�� BR required 0.013 0.0046

for 5 �

Table 10: !T ! �0
T ! b�b: Number of signal/+jets events around the mass peak of the

signal. The � �BR predicted by the model, with the assumed values of the parameters,
as well as the � �BR required for a 5� signi�cance of the signal are also shown.

all cases, we have estimated lower limits required for a 5-� signi�cance with 30 fb�1. The
dominant production process is q�q production, but the vector boson fusion process is also
important since it provides the signature of forward jet tagging. Although in some cases
signals are below the clear observability criterion of 5� above background, the combination
of signals could provide strong evidence for the existence of techniparticles.
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