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of the gluon in the Randall-Sundrum model.
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1 Introduction
The top quark is the heaviest known fundamental particle with a mass close to the electroweak
scale. As such, it has a strong Yukawa coupling to the Higgs potential and is therefore closely
connected to the hierarchy problem, where the largest corrections to the mass of the Higgs
boson arise from top-quark loops. Studies of top-quark production may provide further insight
into the mechanism of electroweak symmetry breaking, especially in the light of the recent
discovery of the Higgs boson and the measurement of its mass [1–3].

Many theories beyond the standard model (SM) predict the existence of heavy resonances,
generically referred to as Z′, that preferentially decay to tt pairs and manifest themselves as a
resonant component in addition to the SM tt continuum production. Examples of such models
include colorons [4–7], extended gauge theories with massive color-singlet Z-like bosons [8–
10], axigluons [11, 12] and models in which a pseudoscalar Higgs boson may couple strongly
to top quarks [13]. Furthermore, various extensions of the Randall–Sundrum model [14] with
extra dimensions predict Kaluza–Klein (KK) excitations of gluons gKK [15] or gravitons [16],
both of which can have enhanced couplings to tt pairs. Direct searches for heavy tt resonances
have been performed at the CERN LHC collider, with results consistent with the SM and sub-
picobarn limits on the production cross section in the mass range of 1-3 TeV [17–22].

This document presents a model independent search for Z′ → tt → W+bW−b production1,
where the leptonic and hadronic decay modes of the W bosons are considered. This results in
final states with two, one, or zero leptons (electron or muon), that are referred to as the dilepton,
lepton+jets, and all-hadronic channels, respectively. The search is based on pp collision data
collected by CMS at

√
s = 8 TeV, corresponding to an integrated luminosity of 19.7 fb−1. The

combination of the three possible final states, together with improvements due to the use of
jet substructure techniques and b tagging in collimated topologies, results in a much higher
sensitivity than achieved in previous searches.

2 CMS detector
The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal di-
ameter, providing a magnetic field of 3.8 T. Within the superconducting solenoid volume are
a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter, and a
brass/scintillator hadron calorimeter, each composed of a barrel and two endcap sections. In
addition to the barrel and endcap detectors, CMS has extensive forward calorimetry. Muons are
detected by four layers of gas-ionization detectors embedded in the steel flux-return yoke. The
inner tracker measures charged particle trajectories within the pseudorapidity range |η| < 2.5.
A two-stage trigger system selects pp collision events of interest for use in physics analyses.
A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [23].

3 Event reconstruction
The CMS experiment uses a particle-flow-based event reconstruction [24, 25], which aggre-
gates information from all subdetectors. This includes charged particle tracks from the track-
ing system and deposited energy from the electromagnetic and hadronic calorimeters, taking
advantage of excellent granularity of all sub-systems. All particle candidates are classified into

1 Unless otherwise indicated, the symbol Z′ is used in the following to refer to the resonance decaying to tt,
irrespective of the specific model.
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muons, electrons, photons, charged hadrons, and neutral hadrons. The missing transverse mo-
mentum in the event, Emiss

T , is calculated as the imbalance in the transverse momentum of all
particle flow objects. Primary vertices are reconstructed using a deterministic annealing filter
algorithm [26]. The leading hard-scattering vertex of the event is defined as the vertex whose
tracks have the largest squared-sum of transverse momentum.

Electrons are reconstructed in the pseudorapidity range |η| <2.5, by combining tracking infor-
mation with energy deposits in the electromagnetic calorimeter [27, 28]. Muons are detected
and measured in the pseudorapidity range |η| <2.4 using the information collected in the
muon chambers and the tracking detectors [29]. Since the top-quark decay products can be col-
limated at high transverse momenta of the top quark, no isolation requirements on the leptons
are imposed in either the trigger or offline selections.

Reconstructed particle flow candidates are clustered into jets using the FASTJET 3.0 software
package [30]. However, charged hadrons associated with the non-leading primary event vertex
are removed prior to jet clustering. All jets are required to satisfy |η| < 2.4. The dilepton and
lepton+jets analyses use jets obtained by the anti-kT jet-clustering algorithm [31] with a radius
parameter of 0.5 (AK5 jets). If a muon or electron is found within ∆R < 0.5 of an AK5 jet, its
four-momentum is subtracted from that of the jet. Jets are identified as originating from the
fragmentation of a b quark by the combined secondary vertex algorithm (CSV). The loose and
medium working points are used, which are defined through a misidentification probability of
10% and 1% for light-parton jets to be tagged in tt events [32].

In the all-hadronic channel the Cambridge/Aachen (CA) jet-clustering algorithm [33, 34] is
used, with radius parameters of 0.8 (CA8 jets) and 1.5 (CA15 jets) for the analyses at high
and low values of the tt invariant mass Mtt, respectively. CA8 jets are also employed in the
lepton+jets analysis to identify the hadronic decay of top quarks with high pT in the hemisphere
separated from the lepton.

The structure of CA jets is used to distinguish hadronically decaying top quarks merged into a
single jet from light quark or gluon jets, referred to as t tagging. For CA8 jets the CMS t tagging
algorithm is used [35, 36], which is based on an algorithm studied in Ref. [37]. Only CA8 jets
with a transverse momentum pT > 400 GeV are considered, as at lower momenta the decay
products of the hadronically decaying top quark are rarely merged into a single jet. For each
CA8 jet to be t-tagged, the N-subjettiness [38, 39] ratio τ32 ≡ τ3/τ2 is required to be smaller
than 0.7.

The HEPTopTagger [40] algorithm is applied to CA15 jets. The larger radius parameter allows
the identification of hadronic decays of top quarks with intermediate transverse momenta with
pT > 200 GeV [36]. Jets identified by the HEPTopTagger are called CA15 t-tagged jets hence-
forth.

In the all-hadronic channel, additional discriminating power against background processes
is obtained from the application of the CSV algorithm to the subjets of the CA jets. A CA
jet is considered to be b-tagged if the subjet with the highest discriminator value satisfies the
requirement for the medium working point [32]. In the following, this algorithm will be called
subjet b tagging [41].

4 Trigger and datasets
Dilepton events were collected with single lepton triggers. In particular, eµ and µµ events were
recorded with triggers requiring a single non-isolated muon with pµ

T > 40 GeV and |η| < 2.1.
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Events for the ee channel were selected using an electron trigger with a pT threshold of 80 GeV.

The data used in the lepton+jets channel also relied on single lepton triggers. The trigger for
muon events is the same one used in the dilepton analysis. The trigger for electron events
required one electron with pe

T > 35 GeV in conjunction with two jets that have pT > 100 and
25 GeV. In both cases, no isolation requirement is applied to the leptons. A 10% increase in
the signal efficiency at MZ′ = 2 TeV is gained in the electron channel by including events that
were triggered by a single jet with pT > 320 GeV. The events recovered by the single jet trigger
contain an electron merged in a jet, which could not be resolved at the trigger level.

The all-hadronic data sample is based on two different triggers. The first requires the scalar
sum of the transverse momenta of jets to be greater than 750 GeV. The second requires four
jets with pT > 50 GeV at trigger level, used to gain efficiency in the low mass regime with
MZ′ < 1 TeV.

The Z′ → tt process is simulated using the MADGRAPH 4.4 [42] event generator, which pro-
duces a generic high mass resonance with the same left- and right-handed couplings to fermions
as the SM Z boson. Higher-order parton radiations are calculated for up to three extra partons
at tree-level. The simulation is performed for masses MZ′ of 1 TeV, 1.25 TeV, 1.5 TeV, 2 TeV and
3 TeV and for decay widths of 1% and 10%. Kaluza-Klein gluon excitations are simulated using
PYTHIA 8 [43]. The widths of the gKK signals are about 15-20% of the resonance mass.

Top-quark events, produced via the strong and electroweak interactions, are simulated using
the next-to-leading-order generator POWHEG [44]. The W(→ `ν)+jets and Z/γ∗(→ ``)+jets
processes are simulated using MADGRAPH 5.1 [45], and the diboson production processes WW,
WZ and ZZ are simulated using PYTHIA 6.2 [46].

All of the samples produced with MADGRAPH are interfaced to PYTHIA for parton showering
and fragmentation. The MLM algorithm [47] is applied during the parton matching to avoid
double counting of partons. The MADGRAPH samples use the CTEQ6L [48] parton distribu-
tion function (PDF). For the POWHEG tt sample, the CT10 [49] PDF set is utilized, whereas the
single top processes are produced with the CTEQ6M PDF. The PYTHIA Z2* tune [50] is used to
characterize the underlying event.

The leading order (LO) cross sections for the Z′ signal are taken from Ref. [7], whereas for gKK
production, calculations from Ref. [15] are used. However, both cross sections are multiplied by
a factor of 1.3 [51] to approximate next-to-leading order (NLO) effects. The normalizations of
the background samples are taken from the NLO+next-to-next-to leading logarithms (NNLL)
calculation for the single top production [52], the next-to-next-to leading order (NNLO) calcula-
tions for W(→ `ν)+jets and Z/γ∗(→ ``)+jets [53–55] and the NLO calculation for diboson pro-
duction [56]. The normalization for the continuum tt background uses NNLO calculations [57].
However, by comparing the simulation events with data in control regions, we determine ad-
ditional cross-section scale factors. This is discussed in Section 5.

5 tt event reconstruction
5.1 Dilepton channel

In the dilepton channel, the selection is based on the assumption that both W bosons from the
decay of the top quark decay leptonically. The selection requires two leptons and at least two
jets. The lepton and the b quark from the decay of a highly boosted top quark are usually
not well separated, resulting in a non-isolated lepton that partially or fully overlaps with the b
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Figure 1: Invariant mass of the reconstructed tt pair in data and simulation in the lepton+jets
channel. Events with one CA8 t-tagged jet are shown. Each background process is scaled by
a factor derived from the maximum likelihood fit to data as explained in Sec. 7, the signals
are normalized to a cross section of 1 pb. The uncertainty associated with the background ex-
pectation includes all statistical and systematic uncertainties. The ratio of data/background is
shown below the graph. There, the statistical uncertainty is shown in light gray, while the total
uncertainty is shown in dark gray, obtained by adding the statistical and systematic uncertain-
ties in quadrature. The expected distribution from a Z′ signal with MZ′ = 2 TeV is also shown.

quark jet.

The analysis of the dilepton channel is described in detail in Ref. [58]. The distributions of the
reconstructed Mtt are measured in the ee, eµ and µµ channels. Good agreement between the
data and the SM background expectation is found with no indication of additional tt resonant
production.

5.2 Lepton+jets channel

The selection in the lepton+jets channel is based on events with one W boson decaying lep-
tonically, W → `ν, and the other one decaying hadronically, W → qq. It requires one lepton
(electron or muon) and at least two jets with high pT, including events with non-isolated lep-
tons and merged jets arising from decays of high pT-top quarks.

The analysis is based on the selection and methods described in Ref. [59]. It has been extended
by adding t tagging which improves the sensitivity of the analysis.

Events are categorized based on the lepton flavor and on the number of CA8 t-tagged jets. In
case no CA8 t-tagged jet is found, the events are further split into two categories, depending
if one or more jets are identified as originating from the fragmentation of a b quark using the
medium working point of the CSV algorithm with a per-jet tagging efficiency of 65% [32]. In
total six Mtt distributions are measured, three for each lepton+jets channel. The distribution of
Mtt obtained in the lepton+jets channel is shown for events with one CA8 t-tagged jet in Fig. 1.

To validate the mistag rate of CA8 t-tagged jets in the W+jets sample, which is the dominant
background in this channel before tagging, an exclusive control sample is used consisting dom-
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inantely of events from W+jets production. In each event, the highest-pT jet is used to deter-
mine the mistag rate of the CA8 t-tagged jets in data and simulated events that also contain a
lepton. Such events have a higher fraction of jets from quark fragmentation than the non-top
multijet background for the all-hadronic channel, which has a higher fraction of jets from gluon
fragmentation. Good agreement is observed, with a mistag rate of 1.2% in data, and a ratio of
data to simulation of 0.83 ± 0.21. This factor is used to scale simulated events containing a
misidentified top-quark jet.

The CA8 t-tagging efficiency is extracted in situ by a combined maximum likelihood fit by
comparing the yields in categories of events which pass and fail the CA8 t-tagging selection
criteria, as explained in Sec. 7.

5.3 All-hadronic channel

When the top quark is highly boosted and the top quark decays hadronically, all decay products
frequently merge into a single jet. Events with high tt invariant mass, where both quarks decay
hadronically, thus effectively result in a dijet topology. This forms the basis of the selection in
the all-hadronic channel. The analysis in this channel is an extension of the one described in
Ref. [60]. Two exclusive selections are made, one optimized for higher resonance masses, and
one optimized for lower resonance masses where the decay products are less collimated.

To satisfy the high mass selection, events are required to have two CA8 t-tagged jets with pT >
400 GeV and rapidity |y| < 2.4. The two jets have to be separated in azimuthal angle by |∆φ| >
2.1. The rapidity difference between the two leading jets is also used to divide the events into
two categories (|∆y| < 1.0 and |∆y| > 1.0), since the QCD multijet background with light quark
and gluon final states dominantly populates the |∆y| > 1.0 category, whereas the Z′ signal at
∼ 2 TeV is equally split between the two. The two categories are further subdivided depending
on the number of subjet b-tagged CA8 jets: zero, one or two. This results in six exclusive search
regions, with the highest sensitivity in the categories with two b-tagged CA8 jets.

The low mass selection is applied to events failing the high mass selection and is designed to
gain sensitivity in regions where the decay products are less collimated. Events are selected if
two CA15 t-tagged jets with pT > 200 GeV and |y| < 2.4 are found. The sample is split into
events with HT < 800 GeV and HT > 800 GeV, where HT is defined as the scalar sum of jet pT,
including all jets with pT > 50 GeV. The sample is further categorized according to the number
of b-tagged CA15 jets.

In order to estimate the non-top multijet background, a data-driven approach is employed.
A sideband is selected by inverting the CA8 t-tagging minimum mass requirement on one of
the jets in the dijet sample. For the low mass analysis the CA15 t-tagging selection criteria
based on the subjet invariant mass and pairwise masses are inverted. The other jet provides a
kinematically-unbiased ensemble of non-top jets to measure the mistag rate. This mistag rate
is then applied to the events where exactly one jet passes the t-tagging selection.

The distribution of Mtt obtained with the low mass selection in the all-hadronic channel is
shown in Fig. 2(a) for events with two subjet b tags and HT > 800 GeV. The result of the high
mass selection is shown in Fig. 2(b) for events with |∆y| < 1.0 and two subjet b tags. The tt
background process is scaled by a factor derived from the maximum likelihood fit to data as
explained in Sec. 7, and the non-top multijet background is obtained from data in a sideband
region.
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Figure 2: Reconstructed invariant mass of the tt pair in the all-hadronic channel for data and
simulated events. Events are shown for the high mass selection with two t-tagged CA8 jets
(a) and the low mass selection with two t-tagged CA15 jets (b). All events have two subjet
b-tags. The signal is normalized to a cross section of 1 pb. The uncertainty associated with the
background expectation includes all the statistical and systematic uncertainties. The ratio of
data/background is shown below the distribution. There, the statistical uncertainty is shown
in light gray, while the total uncertainty is shown in dark gray, obtained by adding the statistical
and systematic uncertainties in quadrature. The expected distributions from a Z′ signal with
MZ′ = 1 TeV and 2 TeV are also shown.

6 Systematic uncertainties
The uncertainties considered in these analyses can affect the normalization, the shape, or both
normalization and shape of the Mtt distribution. Uncertainties originating from the same
source are assumed to be 100% correlated between all channels. The dominant uncertainties
are listed below.

6.1 Uncertainties affecting the normalization

The following systematic uncertainties on the normalization of the background processes are
considered. The uncertainty on the cross section for tt production with Mtt > 1 TeV is 15% [61].
Uncertainties on the production cross sections of W+jets are 9% for light flavor jets [62], and
23% for heavy flavor jets [63]. An uncertainty of 50% is assigned to the cross section of Z+jets
production, obtained by varying the renormalization and factorization scales by factors of 0.5
and 2 in the calculation. The largest background contribution from single top production orig-
inates from the tW-channel, which has been measured with an accuracy of 23% [64]; this un-
certainty is used for all processes with a single top quark in the final state. The uncertainty on
diboson production is 20% [65, 66].

6.2 Uncertainties affecting the shape

Uncertainties on the jet energy scale and resolution are of the order of a few percent as a
function of jet pT and η. These are taken into account in all channels. Simulated events are
reweighted such that the number of true pileup interactions in simulation matches the instan-
taneous luminosity profile in data. The systematic uncertainty associated to this reweighting is
treated as fully correlated among all channels and is evaluated by varying the minimum bias
cross section.
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Efficiencies and mistag rates of the b-tagging algorithm have been measured in collision data
and simulated events for jets [32] and subjets with a spatial separation between them of ∆R >
0.3 [41]. The corresponding uncertainty is correlated between the dilepton, lepton+jets and
the low mass category of the all-hadronic channel. The high mass selection in the all-hadronic
channel uses subjet b tagging in a collimated region where the subjets are separated by ∆R <
0.3 and the applicability of the standard b-tagging correction factors and uncertainties is not
guaranteed. To account for this, the corresponding efficiency is measured simultaneously with
the cross section limits in situ, where the efficiency is left unconstrained in the maximum likeli-
hood fit. This corresponds to an infinite uncertainty on this variable and allows for a consistent
extraction directly from the signal regions. The same procedure is used for the efficiency of the
CA8 t-tagging algorithm, combined with the requirement on τ32.

An uncertainty of 25% is used for mistagged CA8 t-tagged jets in simulated events, which has
been studied in a side-band region of the lepton+jets channel.

In addition to the experimental uncertainties, the following uncertainties affecting the predic-
tions of the SM background processes are considered. The effect due to missing higher orders
in the simulation of SM processes is estimated by variations of the renormalization and factor-
ization scales. The scale variations are studied in simulated W+jets and tt samples, generated
with scales varied by factors of two and one half. The resulting uncertainty on continuum SM
tt production affects all channels, while uncertainty on W+jets production only contributes to
the lepton+jets channel. The effect due to the uncertainty on extra hard parton radiation is
studied by varying the jet matching threshold for simulated W+jets processes by factors of two
and one half. This uncertainty applies to the lepton+jets channel only. All simulated signal and
background events are reweighted according to the uncertainties parameterized by the eigen-
vectors of CTEQ6L and CT10 PDF sets. The shifts produced by the individual eigenvectors are
added in quadrature in each bin of the Mtt distribution. The resulting uncertainty is taken to
be fully correlated among all channels.

7 Background evaluation
Several SM processes contribute with different rates to the selected events. The main source
of irreducible background in all channels arises from SM tt production. In the lepton+jets
channels, W+jets production contributes to events without a CA8 t-tagged jet. Diboson, Z+jets
and single top quark production constitute small backgrounds overall, and contribute to the
dilepton and lepton+jets channels. These processes are combined as “other backgrounds”.

Except for the non-top multijet backgrounds in the all-hadronic channels, all SM backgrounds
are estimated from simulation. Simulated samples are corrected for known differences between
data and simulation and have been validated in exclusive control regions. The normalization of
the simulated samples is obtained with a binned maximum likelihood fit to the reconstructed
Mtt distributions. Since there is no control sample of highly-boosted SM tt events that is dis-
joint from the signal regions of this analysis, the maximum likelihood fit is used to extract the
efficiency of the CA8 t-tagging and subject b-tagging algorithms in situ. This is accomplished
by separating the sample into subsamples based on the tagging criteria, allowing the fit to use
this information to constrain the efficiencies simultaneously with the normalization of the sim-
ulated samples. Higher order calculations, as listed in Sec. 4, are used as prior assumptions on
the cross sections of each background process, with the uncertainties discussed in Sec. 6. No
assumption on the scale factor for the CA8 t-tagged jets is made and the corresponding nui-
sance parameter is left to float freely in the fit. The same is true for the subjet b-tagging scale
factor for the high mass selection in the all-hadronic channel. This procedure constrains the
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Figure 3: Expected 95% CL Bayesian upper limits on the production cross section times branch-
ing fraction for a Z′ boson decaying to tt with 1% width (a) and a KK gluon in the RS model (b).
The limits obtained from the individual channels are shown separately, together with the re-
sult from the combination. Also shown are results from a threshold analysis in the lepton+jets
channel [22], optimized for low masses.

tagging efficiencies effectively. The resulting uncertainties are 3% for the t-tagging scale factor,
and between 3-10% for the subjet b-tagging scale factor, depending on the b-tag category.

8 Results
No significant excess of data over the expected SM background is observed. A Bayesian statis-
tical method [67, 68] is used to derive the 95% confidence level (CL) upper limits on the cross
section times branching fraction of Z′ → tt production. The limits are derived employing a
template-based evaluation which uses the invariant mass distribution of the reconstructed tt
pair. Correlations between the systematic uncertainties across all channels are taken into ac-
count (see Sec 6). The statistical uncertainties of simulated samples are treated as an additional
Poisson nuisance parameter on each bin of the mass distribution, which is fluctuated indepen-
dently.

Upper limits for three benchmark signal hypotheses are calculated: a topcolor leptophobic Z′

boson [7] with relative widths ΓZ′/MZ′ = 1.2%, and ΓZ′/MZ′ = 10%, and a Randall-Sundrum
(RS) KK gluon [15]. All limits are given at 95% CL.

A comparison of the expected limits obtained from the individual channels is shown in Fig. 3.
Also shown are the results from a search optimized for threshold production of the tt pair
in the lepton+jets channel [22, 59]. This channel has the best sensitivity at resonance masses
below 0.75 TeV. Above this value, the combination of the four boosted analyses places stronger
limits on the production cross section times branching fraction. The highest overall sensitivity
is obtained in the lepton+jets channel. The high mass selection of the all-hadronic channel has
comparable sensitivity starting from 1.5 TeV. The dilepton and low mass all-hadronic channels
contribute mostly in the region of 0.75–1 TeV to the combined limits.

Figure 4 shows the results for each of the three signal hypotheses. The cross section limits for
the narrow signal hypothesis are compared to the cross section for the production of a Z′ boson
with 1.2% width. This specific width is chosen to compare to theoretical results and previous
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Figure 4: 95% CL bayesian upper limits on the production cross section times branching frac-
tion for a Z′ boson decaying to tt with 1% width (a), with 10% width (b) and a KK gluon in the
Randall–Sundrum model decaying to tt (c). The vertical dashed line indicates the transition
from a threshold analysis [22] to the combination, in providing the best expected limit. Below
this dashed line, only the results of the low mass analysis with resolved jets are quoted; above
this line, the results from the combination of the boosted channels are given. The limits are
shown as a function of the resonance mass and are compared to predictions for the cross sec-
tion of a Z′ boson with relative width of 1.2% and 10% [7] and the prediction for the production
of a KK gluon [15]. The predictions are multiplied by a factor of 1.3 to account for higher-order
corrections [51].
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Table 1: Observed and expected lower mass limits for the three benchmark models. Mass
limits are given for the dilepton analysis, the lepton+jets analysis, the combination of the two
all-hadronic analyses and the full combination of all four analyses. All limits are given at 95%
CL.

mass limit [TeV]

signal hypothesis dilepton channel lepton+jets channel all-hadronic channels combined
obs. exp. obs. exp. obs. exp. obs. exp.

Z′, ΓZ′/MZ′ = 1.2% 1.5 1.4 2.3 2.2 2.1 2.1 2.4 2.4

Z′, ΓZ′/MZ′ = 10% 2.2 2.1 2.8 2.7 2.5 2.5 2.9 2.8

RS KK gluon 2.0 1.8 2.5 2.5 2.3 2.4 2.8 2.7

measurements. Resonances with masses up to 2.4 TeV (2.4 TeV expected) for the narrow Z’ hy-
pothesis are excluded at 95% CL. These cross section limits are model independent, meaning
that they are valid for any resonance decaying to tt, with a width well below the experimental
resolution of about 10%. Wide resonances with 10% width are excluded up to 2.9 TeV (2.8 TeV
expected). The better limits with respect to narrow resonances are due to the higher produc-
tion cross section of the wider Z′ resonance. RS KK gluons decaying to tt are excluded with
masses below 2.8 TeV (2.7 TeV expected). This model exhibits the weakest upper limits on the
production cross section, because of the long tails towards low resonance masses present in the
predicted Mtt distribution. These tails are introduced by the interplay between the large nat-
ural width of the KK gluons and the parton luminosity, causing masses that are far below the
resonance mass to have a larger probability than events near the resonance itself. The expected
and observed exclusion limits for different resonance masses are given in Table 1.

The upper limits on the cross sections show improvements of about 50% with respect to a
previous combination of results from a search in the lepton+jets and all-hadronic channels [22].
These improvements are mostly due to the usage of t tagging in the lepton+jets channel, and
the application of b tagging on subjets in the all-hadronic channel. The limits at MZ′ < 1 TeV
are improved with the addition of the dilepton channel and the low mass selection in the all-
hadronic channel.

9 Summary
A search has been performed for the production of heavy tt resonances in final states including
two, one or no leptons. The analysis is based on the data sample corresponding to an integrated
luminosity of 19.7 fb−1 recorded in 2012 by the CMS detector in pp collisions at

√
s = 8 TeV at

the LHC. No evidence is found for a resonant tt component beyond the standard model tt
continuum production. Model-independent cross section limits are set on the production of
such resonances with a width well below the experimental resolution of about 10%.

The obtained mass limits improve upon previous ones set at
√

s = 7 TeV [17, 20, 21] by several
hundreds of GeV. An improvement by about 50% on the 95% CL upper limits on the cross
section with respect to a previous search optimized for high masses at

√
s = 8 TeV [22] is

achieved by the application of additional jet substructure information and the addition of the
dilepton channel.
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