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Abstract. The search for tt¯ resonances allows the investigation of a wide range of physics beyond the Standard
Model. For a high mass resonance, the top quark is produced with a transverse momentum that is large,
compared to its mass, and the decay of such a highly boosted top often leads to a topology that di↵ers in
several respects from that encountered when the top quarks are produced approximately at rest. The search is
performed with the ATLAS experiment at the LHC using an integrated luminosity of 14 fb 1 of proton-proton
p
collisions data collected at center-of-mass energy s = 8 TeV. No evidence for a tt¯ resonance is found and
95% CL limits on the production rate are determined for massive states in two benchmark models. A narrow
leptophobic topcolor Z’ boson with a mass below 1.8 TeV is excluded and a Kaluza-Klein excitation of the
gluon in a Randall-Sundrum model is excluded for masses below 2.0 TeV.

1 Introduction
This note reports on an ATLAS experiment [1] search for
the production of top quark pair resonances, such as a leptophobic Z’ or a Kaluza-Klein gluon, produced in protonproton collisions at a center-of-mass energy of 8 TeV using data collected in 2012 with an integrated luminosity
of 14.3 fb 1 [2]. This search is carried out in the lepton
plus jets decay channel, where one of the W bosons from
a top quark decays leptonically (to an electron or a muon
and a neutrino) and the other decays hadronically. The tt¯
invariant mass spectrum is tested for any local excess of
events that may stem from a resonance decaying into tt¯.
The events are reconstructed using a combination of resolved and boosted reconstruction methods. In the former,
the hadronically decaying top quark is identified by two or
three distinct small-radius jets. In the latter, the hadronically decaying top quark is identified by reconstructing
one large-radius jet with a substructure consistent with the
decay products of a W boson and a b quark. High momentum top quark decays are indeed reconstructed more
efficiently using boosted reconstruction techniques. For
both reconstruction methods, the semileptonically decaying top quark is identified by a lepton, one small-radius jet
and missing transverse momentum.
Both ATLAS [2] and CMS [3] have used two specific
theoretical models as benchmarks to test the production
of narrow and broad resonances as compared to the detector resolution, which is of the order of 7%. The narrow resonance benchmark is a topcolor, leptophobic Z’
given by model IV of Harris et al. [4] with a width of
a e-mail: dechenaux@lpsc.in2p3.fr

Z 0 /mZ 0 = 1.2%. The broad resonance benchmark is related to Kaluza-Klein (KK) excitation states of the gluon
as predicted in Randall-Sundrum models with a warped
extra-dimension and where all the standard model fields
can propagate in the five dimensions. A resonance width
of gKK /mgKK = 15.3% is used. Details on the tested models can be found in previous ATLAS studies [5].

2 Data and Monte Carlo samples
Only data recorded under stable beam conditions and operationnal ATLAS subdetector systems are considered. The
data sample is collected using a logical OR of two singlemuon triggers with transverse momentum thresholds of
24 and 36 GeV and a logical OR of two single-electron
triggers with transverse momentum thresholds of 24 and
60 GeV. In both electron and muon triggers, an isolation
criteria is used for the lower threshold.
Samples of Monte Carlo simulated events are used to
predict the contribution from various SM processes to the
expected background and also to model possible tt¯ resonance signal. After event generation, all samples are
passed through a GEANT4 [6] based simulation of the
ATLAS detector and reconstructed using the same reconstruction software used for data.
The primary irreducible background is SM tt¯ production, characterized by a smoothly falling invariant mass
spectrum. It is modelled using the MC@NLO v4.01 generator [7] with the CT10 PDFs set [8], Herwig v6.520 [9]
for parton showering and hadronization and Jimmy v4.31
[10] to model multiple parton scattering.
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Standard model single top quark production is modeled using multiple generators. Production in the schannel and associated production with a W boson are
modeled on the same basis as for SM tt¯ production. Production in the t-channel is modeled using the AcerMC
v3.8 [11] generator and Pythia v6.426 [12] for parton
showering and hadronization.
The leptonic decay of W and Z bosons in association with jets is an important background. The samples are generated with Alpgen v2.13 [13] and include
up to five extra final state partons at leading order without virtual corrections. The modeling of parton showering, hadronization and underlying events is based on
Pythia and the matching of the matrix element to the parton shower is done using the MLM method [14]. Specific
W boson plus heavy flavor processes (Wbb̄, Wcc̄ and Wc)
are generated with Alpgen. The W+jets samples are normalized to the inclusive NNLO cross sections and are then
corrected with the observed charge asymetry observed in
data [2].
Background due to massive diboson processes is
modeled using Herwig v6.520 and Jimmy v4.31 with
CTEQ6L1 PDFs [15].
Finally, the normalization and shape for the multi-jet
background is determined directly from data using the matrix method [16] for both resolved and boosted selections.
This method makes use of samples of events that possess
similar kinematic characteristics but are enriched in multijet events, obtained by relaxing lepton identification criteria such as isolation requirement.

3 Object selection and reconstruction
3.1 Object selection

Jets are reconstructed by the use of an anti-kT [17] algorithm with radius parameter of R = 0.4 and R = 1.0.
Large-radius jets have trimming [18] applied. Trimming
allows the mitigation of pile-up in large-radius jets. It is
based on the formation of subjets, obtained by applying
to the original jet an inclusive kT algorithm, with radius
Rsub . Soft subjets with less than a certain fraction fcut of
the original jet pT are removed. The trimming parameters
used in this search are fcut = 0.05 and Rsub = 0.3.
The tagging of small-radius jets associated with the decay of b-quarks is used in both the resolved and boosted
reconstructions. A neural network based b-tagging algortihm is employed [19]. The operating point is chosen to
correspond to an average of 70% b-tagging efficiency in
simulated tt¯ events.
Electrons and muons are both identified by a set of
tracks in the inner detector associated to a dedicated subdetector (electromagnetic calorimeter for electrons and
muon spectrometer for muons). Their pT must be greater
than 25 GeV to ensure fully efficient triggering conditions.
Finally, they are considered isolated if their mini-isolation
[20] Imini satisfies Imini < 0.05 ET . The variable Imini is defined as the sum of the pT of tracks not associated to the
lepton within an ⌘
cone of size inversely proportional
to the lepton transverse energy: R = 10/ET , where ET is

in GeV. This ET dependence is well suited to semileptonic
decays of high pT top quarks, where the lepton and b-jet
tend to be closer together at higher top quark pT .
3.2 Event selection

The event selection is designed to have a high efficiency
for events with high pT top quarks, while minimizing
non tt¯ backgrounds. Suppression of the multijet background is achieved by a missing energy requirement. In
the e+jets channel, both ETmiss and the transverse mass
q
mT = 2pT ETmiss (1 cos ) must be larger than 30 GeV,
where pT is the transverse momentum of the lepton and
is the azimutal angle between the lepton and the missing
transverse momenta. In the µ+jets channel, the selection is
ETmiss > 20 GeV and ETmiss + mT > 60 GeV. Events can then
be categorized as either "boosted" or "resolved" samples.
The boosted sample consists of events with at least one
small-radius jet and at least one large-radius jet, identified
as the hadronic top candidate. The selected small-radius
jet is taken as the highest pT jet satisfying R(l, jet) < 1.5,
where l is the selected lepton. The large radius-jet should
be corresponding to a top candidate and therefore must
have a mass m > 100 GeV and must fullfill jet substructure requirement: the large-radius jet is reclustered with
an exclusive
p kT jet algorithm.p Then, the first kT splitting scale d12 must satisfy d12 > 40 GeV, in order
to match with the decay of the hadronically decaying W
boson. Furthermore, the large-radius jet must be well
separated from the lepton and selected small-radius jet:
R(jetR=1.0 , jetR=0.4 ) > 1.5 and
(jetR=1.0 , l) > 2.3. Finally, there must be at least one small-radius jet b-tagged
in the event.
Events that fail the boosted selection are subsequently
examined using the resolved selection criteria. In the resolved selection, the event must have at least four smallradius jets with pT > 25 GeV or at least three small-radius
jets if one of those jets has mass greater than 60 GeV. As in
the boosted selection, there must be at least one b-tagged
jet in the event.
Thus, events are placed in four categories corresponding to the e+jets and µ+jets decay channels for boosted
and resolved reconstruction criteria.
3.3 Event reconstruction

The tt¯ candidate invariant mass mreco
is computed from the
tt¯
four-momenta of the selected physics objects in the event.
For the semileptonically decaying top quark, the longitudinal component pz of the neutrino momentum is computed
in both resolved and boosted selections by imposing an
on-shell W boson mass constraint on the lepton plus ETmiss
system [2].
For the resolved construction, the best assignment
of jets to the hadronically and leptonically decaying top
quarks is made by the use of a 2 algorithm, based on
physical constraint that the jets must fulfill [2]. All possible permutations for four or more jets are tried and the
. In
permutation with lowest 2 is used to calculate mreco
tt¯
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