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ABSTRACT: Large classes of new physics theories predict the existence of new scalar states,
commonly dubbed sgluons, lying in the adjoint representation of the QCD gauge group.
Since these new fields are expected to decay into colored Standard Model particles, and
in particular into one or two top quarks, these theories predict a possible enhancement of
the hadroproduction rate associated with multitop final states. We therefore investigate
multitop events produced at the Large Hadron Collider, running at a center-of-mass energy
of 8 TeV, and employ those events to probe the possible existence of color adjoint scalar
particles. We first construct a simplified effective field theory motivated by R-symmetric
supersymmetric models where sgluon fields decay dominantly into top quarks. We then
use this model to analyze the sensitivity of the Large Hadron Collider in both a multilep-
ton plus jets and a single lepton plus jets channel. After having based our event selection
strategy on the possible presence of two, three and four top quarks in the final state, we
find that sgluon-induced new physics contributions to multitop cross sections as low as
10-100 fb can be excluded at the 95% confidence level, assuming an integrated luminosity
of 20fb~!. Equivalently, sgluon masses of about 500-700 GeV can be reached for several
classes of benchmark scenarios.
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1 Introduction

The Standard Model of particle physics has passed for many years all experimental tests.
Only the mechanism of electroweak symmetry breaking, which is currently being addressed
by the general-purpose experiments ATLAS and CMS of the Large Hadron Collider (LHC),
at CERN, has remained for a long time an unsolved question. The recent observation of a
neutral bosonic particle compatible with a Standard-Model-like Higgs boson [1, 2], together
with the imminent measurement of its properties, would then represent an impressive
success of this theoretical framework. However, the mass of a fundamental scalar field
is drastically affected by quantum corrections, which leads to the conceptual question of
its stabilization with respect to the Planck scale lying orders of magnitude away from
the weak scale. Over the last decades, large classes of alternative theories have been
proposed in order to extend the Standard Model and cure this issue. Among these, weak-
scale supersymmetry, and in particular its minimal version, the Minimal Supersymmetric
Standard Model (MSSM) [3, 4], is one of the most theoretically and experimentally studied
option. It is known to solve this so-called “hierarchy problem” by introducing partners to
the Standard Model degrees of freedom with opposite statistics. In addition, several other
conceptual problems of the Standard Model are addressed, such as the unification of the
gauge coupling strengths at high energies or the question of a viable dark matter candidate.

Experimental searches for the supersymmetric partners of the Standard Model particles
are therefore among the main topics investigated at the LHC. Up to now, both the ATLAS
and CMS collaborations have mainly focused on the strong production channels, since they
yield larger cross sections. As a result, no traces of squarks and gluinos have been detected



so far and the limits on the masses of the first-generation and second-generation squarks
as well as those on the mass of the gluino are consequently pushed to a higher and higher
scale [5-7]. Therefore, the experimental attention starts to shift towards third-generation
squarks and electroweak production channels. However, all the current results may not
be valid for more general supersymmetric scenarios. They are indeed either derived in the
framework of the constrained version of the MSSM, where the hundreds of free parameters
of the general model are reduced to a set of four parameters and one sign, or in the context
of simplified models inspired by the same constrained MSSM. In contrast, there are a vast
variety of non-minimal supersymmetric models which are valuable to be investigated at the
LHC. In particular, some of the final state signatures predicted by these non-minimal mod-
els require dedicated phenomenological studies in order to be ready for the interpretation
of the data in these theories. This is one of the scopes of the work presented in this paper.

Motivated by these arguments, we address the production and decay of color-octet
massive scalar particles, also dubbed sgluons, that are predicted by several non-minimal
supersymmetric models. The most considered examples are N =1/N =2 hybrid supersym-
metric theories [8-18] and R-symmetric supersymmetric theories [19-21]. In these models,
the vector supermultiplet of the MSSM associated to the QCD gauge group is supple-
mented by an additional chiral supermultiplet lying in the adjoint representation of SU(3).
This new supermultiplet contains, on the one hand, a two-component fermionic component
which mixes with the usual gluino to form a four-component Dirac fermion. On the other
hand, it also includes a color-octet complex scalar particle, i.e., a sgluon field. Let us note
that color octet scalar particles also appear in vector-like confining theories [22-27] or in
extra-dimensional models [28].

As all of these models are similar in the sense of the LHC signatures, we adopt the
approach introduced by the LHC New Physics Working Group [29] and employ a sim-
plified model describing a scalar octet field and its interactions with the Standard Model
sector [30]. This has the major advantages to leave open the possibility of reinterpreting
the results in the context of any of the original models (or even in the framework of an-
other theory including a sgluon field) and also to avoid handling a complete model which
demands a careful design of a theoretically motivated but not experimentally excluded
benchmark scenario. Equivalently, rather than fixing hundreds of free parameters related
to one of the new physics theories above-mentioned, we focus on a specific sector of the
model, relevant for our study, that is described by a small number of couplings and masses.

We therefore start by constructing a simplified model describing the dynamics of a
scalar field lying in the adjoint representation of the QCD gauge group. Motivated by com-
plete models where loop-induced operators imply sgluon fields singly coupled to Standard
Model quarks and gluons, we also include the corresponding interactions in our effective
theory. Subsequently, once produced through standard strong interactions, a sgluon can
then decay either to a quark pair or to a gluon pair, the latter being in general dominant
for a sgluon field with a rather low mass [10, 12]. If kinematically allowed, the same inter-
actions ensure a possible decay to a pair of top quarks or to an associated pair comprised

of one single top quark and a light jet.



In this scenario, sgluon pair-production and decay at the LHC could lead to signatures
possibly containing two, three or even four top quarks, the last two final states being
expected to be largely suppressed in the context of the Standard Model. In this paper,
we perform a phenomenological analysis of the sensitivity of the LHC collider, running at
a center-of-mass energy /s of 8 TeV, to the possible observation of sgluon fields through
multitop signatures. This work extends our previous contribution to the 2011 Les Houches
workshop [30] by including a more accurate description of the Standard Model backgrounds
and a more efficient search strategy. It is also complementary to recent ATLAS and CMS
investigations where sgluon-induced four-jet signatures have been considered [31-34]. In
these analyses, limits on the sgluon mass up to 2 TeV have been extracted. In our theoretical
setup, we evade these bounds by imposing the sgluon field to dominantly decay to at least
one top quark, as motivated by realistic supersymmetric models including a color-adjoint
scalar particle. Consequently, lower sgluon masses can be possibly expected.

This paper is organized as follows. In section 2, we describe our proposal for a simpli-
fied theory modeling sgluon pair production and decay at the LHC and define benchmark
scenarios for our phenomenological studies. For each benchmark point, we present the
sgluon decay table and the leading-order and next-to-leading total production cross sec-
tions. Section 3 is dedicated to our technical setup for the Monte Carlo simulation of both
signal and background events at /s = 8 TeV. A particular emphasis is put on the fast
detector simulation package that we have used and in the way objects are reconstructed.
In section 4, we present the details of our phenomenological analyses and the associated
results. Our conclusions are given in section 5.

2 A simplified model for sgluon production and decays at the LHC

In order to investigate sgluon production and decay at the LHC, we construct a simplified
model describing sgluon interactions with the Standard Model fields. To this aim, we follow
the approach of ref. [29] and extend the Standard Model in a minimal way by supplementing
to its particle content one massive real scalar field o lying in the adjoint representation of
the QCD gauge group. Its kinetic and mass terms are standard and can be expressed in
terms of the QCD covariant derivative taken in the adjoint representation,

1 1
Liin = EDuaaD“cra — §mgaaaa with Do = 0,0" + gs fv." GZ o, (2.1)

where adjoint gauge indices are explicitly indicated. In the expressions above, we have in-
troduced the strong coupling constant gs, the antisymmetric structure constants of SU(3)
foe®, the gluon field GfL and the sgluon mass mg.

These interactions do not include single sgluon couplings to Standard Model fields.
However, the presence of additional particles in general induces, in complete theories, loop
diagrams leading to effective operators describing the coupling of a single sgluon field to
up-type (u) and down-type (d) quark pairs, as well as to gluon pairs. In our theoretical
framework, those interactions are described by the effective Lagrangian

Log = o%dT, [ak Py + af}PR} d+ 09T, [agpL +aB Pglut agd 0 G uyGP o+ hic. . (2.2)



The matrices T, and the tensor d " are respectively the fundamental representation ma-
trices and the symmetric structure constants of SU(3), the operators Py, and Pr are the

left-handed and right-handed chirality projectors acting on spin space and G/, is the gluon

L
q

model the strengths of the interactions among left-handed and right-handed quarks ¢ and

field strength tensor. We have also introduced the parameters a;/ and aqR, with ¢ = u, d, to
a single sgluon, respectively, as well as one single parameter a, for the modeling of the in-
teractions among two gluons and one sgluon. It is important to note that the interactions
included in the Lagrangian of eq. (2.2) open all the possible sgluon decays to Standard
Model colored particles.

Inspecting the two Lagrangians of eq. (2.1) and eq. (2.2), one observes that our sim-
plified theory is described by one mass parameter, the sgluon mass m,, and the effective
couplings of sgluons to colored partons described by a set of four complex 3 x 3 matrices
in flavor space adL, adR, al and alf, together with one real (dimensionful) number ag. As-
suming O(1) effective interactions, sgluon masses up to about 2 TeV are already excluded
by dijet resonance searches [31]. To evade this constraint, we choose scenarios where the
sgluon field dominantly decays into final states containing at least one top quark or where
its couplings to a pair of light quarks or to a pair of gluons are reduced. This choice is
motivated by R-symmetric supersymmetric theories and by N =1/N =2 hybrid supersym-
metric models. In these models, interactions among a single sgluon and a pair of quarks are
driven by loops of squarks and gluinos (and thus suppressed by their heavy propagators).
The computation of those loops lead to non-vanishing effective couplings only if at least
one of the external quarks is a top quark. Furthermore, the coupling strength a, is related
to a dimension-five operator and is thus expected to be suppressed too.

We therefore consider two series of benchmark scenarios, refered to as scenarios of class
I and class II in the following. For the first set of scenarios, sgluon particles are allowed to
decay, in a universal way, to any associated pair of up-type quarks containing at least one
top quark. We subsequently fix

(a)%i = (a)®i = (al)'s = (af))'3 =3-1072, (2.3)

for i = 1,2,3 and impose that all other interactions among quarks and sgluons are van-
ishing. From the explicit calculations of the relevant loop diagrams in ref. [10], the choice
of eq. (2.3) corresponds to a scenario where squarks and gluinos have typical masses of
about 1-2TeV and that allows for non-minimal flavor violation in the squark sector in-
duced by supersymmetry breaking. Concerning the parameter a4 related to the strength
of the coupling among sgluons and gluons, we choose the value

ag=15x107% GevV~". (2.4)

which arises in realistic scenarios with supersymmetric masses of the same order as above
and when left-handed and right-handed squarks are almost, but not, mass-degenerate [10].

In scenarios of class II, we focus exclusively on sgluon-induced LHC signatures with
four top quarks and therefore forbid flavor violation in the sgluon decays. The only non-
vanishing effective interactions are thus driven by the parameters

(ah)Ps = (al)?3=3-10% and  a;=15x10"% GeV ™', (2.5)

u u



Parameters Scenarios of type I ~ Scenarios of type 11
ag 1.5x1079GeV™!t 1.5 x1079GeV~!
(ay)33 3-1073 3-1073
(ay)?1 = (ay,)'3 3-1073 0
(ay)32 = (ay)?3 3-1073 0
My [200-1000] GeV [400-1000] GeV
my 172 GeV 172 GeV

Table 1. Non-zero input parameters for benchmark scenarios of class I (second column) and II
(third column). All the Standard Model parameters but the mass of the top quark (indicated in
the table) follow the conventions of ref. [35].

The values of the non-zero parameters of the Lagrangians included in eq. (2.1) and
eq. (2.2) are summarized, for the two series of benchmark points, in table 1. For all the
Standard Model parameters, but the top quark mass m; which is chosen equal to 172 GeV,
we follow the conventions of ref. [35]. Moreover, the sgluon mass is kept free and allowed
to vary in the range m, € [200 — 1000] GeV and m, € [400 — 1000] GeV for class I and
class II scenarios, respectively.

A key element in the multitop analysis of sgluon production and decay at the LHC lies
in the sgluon branching fraction to final states containing one or two top quarks. To study
the evolution of these branching ratios with the sgluon mass, the Lagrangians of eq. (2.1)
and eq. (2.2) have been implemented in the FEYNRULES package [35-39] and the model
has been exported to the UFO format [40]. We have subsequently used the matrix-element
generator MADGRAPH 5 [41] to compute all sgluon partial decay widths. We then estimate
the total width and the different branching ratios into two gluons, into an associated pair
of a top quark and a light quark and into two top quarks. The results are shown in table 2
for the two classes of considered scenarios.

The branching of a light sgluon of few hundreds of GeV into a top-antitop pair is,
as expected, kinematically suppressed compared to the other decay channels. This also
holds for scenarios of class II where the sgluon field most of the time decays into a pair of
gluons when it is light. For both classes of scenarios, the branching ratio of the tt decay
increases with the sgluon mass (if kinematically allowed). However, the contributions of
the dijet channel to the total width also become more important so that the branching into
a top-antitop pair peaks for m, ~ 800 GeV and m, ~ 600 GeV for scenarios of class I and
II, respectively, and then decreases for heavier sgluons.

We also show in table 2 the leading-order (LO) sgluon production cross sections as
computed by the MADGRAPH 5 program for the LHC collider running at a center-of-
mass energy of 8 TeV. The presented results correspond to the convolution of the tree-level
matrix elements related to the Feynman diagrams of figure 1 with the LO set of the CTEQ6
parton density fit [42] and renormalization and factorization scales fixed to the transverse
mass of the produced heavy particles. As sgluon-pair production cross sections are known



Scenario | m, [GeV] T, [MeV] | BR(tt) BR(tj/tj) BR(g9) | ot [fb] Kxvro
I 200 0.012 - 80% 20% 98600 1.6
1 300 0.105 - 92.3% 7.7% 9802 1.6
I 0.219 4.4 % 86.9% 8.7%

400 1625 1.7
11 0.029 33.3% - 66.7%
I 0.350 9.8 % 79.5% 10.1%

500 358.1 1.8
11 0.072 47.8% - 52.2%
I 0.485 12 % 75% 13%

600 94.9 1.8
11 0.124 48% - 52%
I 0.628 13.2 % 70.5% 16.3%

700 28.4 1.9
11 0.185 44.7% - 55.3%
1 0.779 13.5 % 66.9% 19.6%

800 9.26 2.0
1T 0.252 41% - 59%
I 0.943 13.5 % 63.4% 23.1%

900 3.22 2.1
11 0.345 36.9% - 63.1%
I 1.120 13.2 % 60.2% 26.6%

1000 1.17 2.2
11 0.447 33.2% - 66.8%

Table 2. Dependence on the sgluon mass m, of the sgluon total width (T',), of the different
branching ratios (BR) to Standard Model colored particles and of the total cross section at leading
order (otot). The next-to-leading order K-factors Knpo are also indicated, extracted from ref. [44].
In the notations of the table, the symbol j stands for an up or charm quark while g refers to a gluon.

at the next-to-leading order (NLO) accuracy within the MADGOLEM setup [44], we also
indicate in table 2 the corresponding NLO K-factors. In our phenomenological analyses,
signal event samples are then normalized according to the NLO results.

3 Technical setup for the Monte Carlo simulations

3.1 Objects definitions and detector simulation

Detector simulation is performed with the DELPHES program, using the public ATLAS
card [45]. Jets are hence reconstructed by means of an anti-k; algorithm with a radius
parameter set to R = 0.4, as provided by the FASTJET package [46]. However, jets de-
fined with such a low radius, and in particular those with a small transverse momentum,
may suffer from large bias in energy reconstruction due to the magnetic field as simulated
by DELPHES, which spreads out the energy within the detector. Such an effect may be

described by the variable

E(reco)

(truth)
b E rua

T
Eé}ruth) ? (3 1)
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Figure 1. Tree-level Feynman diagrams associated with sgluon pair production at hadron colliders.
These diagrams correspond to the interactions included in the Lagrangians of eq. (2.1) and eq. (2.2)
and have been created by means of the program FEYNARTS [43].

where E(Treco) is the reconstructed jet transverse energy and E}truth) is the true transverse

jet energy defined as the jet transverse energy before detector simulation. The evolution of
the w-variable with the (true) jet energy is presented on figure 2 (red squares) in the con-
text of dijet events issued from the decay of a sequential Z’-boson whose mass varies in the
range [200, 1000] GeV. The energy loss reaches about 5% for jets with E(Ttmth) = 20 GeV
while it stabilizes at about 1% for jets with a transverse energy Egptruth) > 500 GeV.

To account for this effect, an ad-hoc calibration is estimated from the above-mentioned
dijet events. We apply on the reconstructed jet energy the correction function

0.451GeV B
n
B GeV |

EF = B 2621079 — (3.2)

where E¥ 2 is the jet transverse energy after calibration and we show the associated effects
on figure 2 (blue circles). This calibration procedure allows us to recover the correct jet
energy for transverse energy as low as Erf,fmth) of about 40 GeV.

In our analysis, only jets with a transverse energy Ep > 20 GeV (after calibration)
and a pseudorapidity |n| < 2.5 are retained. In addition, we estimate a b-tagging efficiency
of about 60%, together with a charm and light flavor mistagging rate of 10% and 1%,
respectively.

Charged leptons candidates! are requested to have a transverse momentum py larger
than 20 GeV and a pseudorapidity |n| < 2.47 and |n| < 2.5 for electrons and muons,
respectively. We also impose two isolation criteria. First, the closest jet to an electron is
removed if the angular distance AR = \/A¢? + An? < 0.1, where ¢ stands for the azimutal
angle with respect to the beam direction. Secondly, in the case at least one jet is present
within a cone of radius R = 0.4 centered on the lepton, the lepton is removed from the event.

!By the generic terminology charged leptons, we only consider electrons and muons.
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Figure 2. Evolution of the w-variable defined in eq. (3.1) with respect to the true transverse energy
of the reconstructed jet before (red squares) and after (blue circles) calibration.

3.2 Monte Carlo simulations of the signal and background processes

We perform in this work a prospective phenomenological analysis of multitop events in-
duced by the production of a pair of sgluon fields. We aim to estimate the LHC sensitivity
to the presence of sgluons in such events by means of a phenomenological analysis employ-
ing Monte Carlo simulations. Our analysis context consists of the LHC collider running at
a center-of-mass energy of /s = 8 TeV and we normalize our event samples to an integrated
luminosity of 20 fb~!, which corresponds to the expectations for the end of the 2012 LHC
run [47].

The hard scattering processes related to both the signal and the different sources of
background have been described with the matrix-element generator MADGRAPH 5 [41].
Using the QCD factorization theorem, the matrix elements are convolved with the leading
order set of the CTEQ6 parton density fit [42] and the renormalization and factorization
scales are fixed to the transverse mass of the produced heavy particles. Parton-level events
are then integrated into a full hadronic environment by matching the hard scattering ma-
trix elements to the full parton showering and hadronization infrastructure as provided by
the PYTHIA 6 package [48]. We have then included a fast detector simulation as performed
by the program DELPHES 1.9 [45], using, as stated above, the publicly available ATLAS
detector card.

The procedure above is however known not to provide an accurate description of the
kinematical properties of jets due to an underestimation of the hard emission effects by
parton showering algorithms which only correctly model jets in the soft and collinear limit.
In contrast, matrix elements properly describe additional hard and widely separated radia-
tion, but are known to break down in the soft and collinear kinematical regions. Therefore,
we allow for the matrix elements related to our background samples to contain zero, one,
two, etc, additional hard jets. The resulting events are then merged following the Mangano
(MLM) procedure [49] as implemented in the MADEVENT program [50].



In this setup, two parton-level selection criteria are imposed. Firstly, the squared jet
measure k2. = min(pzTi, p?pj)Rij related to two final state partons is asked to be larger than a
process-dependent value (k?i“)Q, where pr; and pr; are the transverse momenta of the two
partons and R;; their angular distance in the (7, ¢) plane. Secondly, the jet measure related
to a final-state and an initial-state parton is defined as the transverse momentum of the
final-state parton and is asked to be larger than a process-dependent value pqnlin. The events
are then passed to PYTHIA and jets are reconstructed using the FASTJET program [46],
making use of a kp-jet algorithm with a cut-off scale Q™. An event is kept only if, for each
of the reconstructed jets in the event, the jet measure between the jet and the parton which
it is originating from is smaller than Q™. In order to maintain the full inclusiveness of the
merged sample, extra jets with respect to the original number of partons are allowed in
the sample with the highest multiplicity. The merging scale Q™ is process-dependent and
chosen in such a way that the differential jet rate distributions of the merged samples are
smooth. The values chosen for the parton-level selections, the maximum number of included
hard emissions and the merging scale are given in table 3 for the various background
processes. Concerning the signal, no merging with matrix elements of a higher multiplicity
has been performed as the lowest order subprocess already contains many hard jets.

Focusing first on the signal, we generate, for each scenario and each sgluon mass (see
table 1 and table 2), three event samples according to the top multiplicity of the final
state, the latter being taken equal to two, three and four top quarks, respectively. Our
event sample normalization includes the NLO K-factor presented in table 2. Turning to
the background, we are planning to require, in our analysis, the presence of at least one
isolated charged lepton. We therefore only simulate the Standard Model background pro-
cesses presented in table 3, which also contains, in addition to the generation parameters
above-mentioned, the cross sections employed for the normalization of the samples and the
associated numbers of generated events.

We first address the simulation of weak gauge boson production in association with
jets. We have merged event samples containing up to four additional hard jets and the
gauge bosons are enforced to decay leptonically. Parton-level events having also been al-
lowed to contain tau leptons, we make use of the TAUOLA program [51] in order to handle
their decays. We have reweighted the events according to the next-to-next-to-leading order
(NNLO) cross sections as computed by the FEWz package [52-54] with the recent set of
parton densities CT10 provided by the CTEQ collaboration [55]. Virtual photon contri-
butions are included where relevant, together with a parton-level selection based on the
dilepton invariant mass myy > 50 GeV.

We now turn to background events related to top quark production. We generate two
distinct ¢t samples, one associated to the semileptonic decay of the tf pair and one related
to its dileptonic decay. Our merging procedure includes matrix elements containing up to
two additional jets and we have reweighted all the events according to the production cross
section at the NLO accuracy, including genuine NNLO contributions, as predicted by the
HATHOR program [56, 57]. Single top event generation has been split into the generation
of three different inclusive samples, following the usual parton-level distinction between s-
channel diagrams where the top quark is produced in association with a b quark, ¢-channel



Process ERin [GeV]  pmin [GeV] | n QM [GeV] | o [pb] N

W (— 1£) + jets 10 10 4 20 35678 2-1010
) Z(— 20) + jets 10 10 4 20 3460  4-10°
tt(— 10) + jets 20 20 2 30 112.  9-106
tt(— 20) + jets 20 20 2 30 27.2  3-10°
t/t + jets [t, incl.] - - 0 - 28.4  4-10°
t/t + jets [tW, incl.] - - 0 - 121 2-10°
t/t + jets [s, incl.] - - 0 - 1.81  8-10°
WW (= 1£) + jets 10 10 2 20 243 3-10°
WW (— 20) + jets 10 10 2 20 587  8-10°
W Z(— 1£) + jets 10 10 2 20 6.47  2-10°
W Z(— 20) + jets 10 10 2 20 1.58  2-10°
W Z(— 30) + jets 10 10 2 20 0.76  7-10*
ZZ(— 40) + jets 10 10 2 20 017  4-10*
ZZ(— 20) + jets 10 10 2 20 1.50  4-10%
ttW + jets [incl.] 10 10 2 20 025  3-10%
ttZ + jets [incl.] 10 10 2 20 021  5-10%
ttWW + jets [incl.] 10 10 2 20 0.013  2-103
tttt + jets [incl.] - - 0 - 7-107*  10°

Table 3. We present the simulated background processes, together with the set of applied

min

parton-level selection criteria (%™ and pin), the number of allowed extra hard emissions at the
matrix-element level (n) and the matching scale (Q™). The numerical values employed for the
cross sections (o) are also given, together with the number of generated events (N). For each of
the background process, the final state contains at least one lepton ¢, where ¢ stands equivalently
for electrons, muons, leptonic and hadronic taus. The notations incl. indicates that the associated
samples are inclusive in the decays. We refer to the text for a more detailed description and for
information on the adopted values for the cross sections.

diagrams where the top quark is produced in association with a light jet, and tW diagrams
describing the associated production of a top quark and a W-boson. In order to maintain
this distinction non-ambiguous, the MLM merging procedure has not been applied. This
avoids a possible double counting over the three channels since specific diagrams with extra
radiation could in principle belong to several of the categories, even though the kinemati-
cal regimes are different. The events are then reweighted according to NLO cross sections
including genuine NNLO contributions [58-61].

Concerning diboson production, we have performed a merging of matrix elements in-
cluding up to two additional hard jets and have normalized the cross sections to the NLO
accuracy as provided by the MCFM package [62, 63]. In our setup, we have included virtual
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photon contributions where relevant and consequently imposed a selection on the dilepton
invariant-mass of mys > 50 GeV.

Rare Standard Model processes where a top-antitop pair is produced in association
with one or two gauge bosons are also considered. We generate inclusive event samples
for the ttW, ttZ and ttWW processes and perform MLM-merging of matrix elements con-
taining up to two extra jets. We normalize the samples to the NLO cross sections as
predicted by McFM [64] for the ttW and ttZ processes and to the LO results as returned
by MADGRAPH for the ttWW process. Finally, four-top production is also simulated but
no merging is performed since the lowest order matrix-element already contains many hard
jets. This event sample is normalized to the LO accuracy.

4 Probing sgluons via multitop events at the LHC

In this paper, we wish to estimate the LHC sensitivity to the search for multitop events
originating from sgluon decays. According to the two classes of scenarios under consider-
ation (see table 1 and table 2), sgluon pair production and decay lead to three topologies
comprised of two top quarks and two light jets (¢jtj), three top quarks and one light jet
(tjtt) and four top quarks (tttt), the symbol ¢ denoting equivalently a top and an antitop
quark and the symbol j a light jet or b-jet. The first two signatures are only considered
assuming scenarios of class I, while four-top final states are produced in the context of both
classes of scenarios. The corresponding final states are thus characterized by a large number
of hard jets (between four and twelve) with an important heavy-flavor content arising from
top decays. The large branching ratio associated with top quark hadronic decays would
naively encourage us to search for sgluon pairs in fully hadronic final states. This analysis
would however suffer from an overwhelming multijet background whose a correct estima-
tion requires data-driven methods. To optimize the sensitivity of our search, we therefore
restrict ourselves to leptonic final states. We design two analyses, one dedicated to events
containing exactly one single lepton and another one to events with at least two leptons.

4.1 Event selection for a multilepton plus jets signature

Events are preselected with the requirement that they contain exactly two (for the tjtj
topology) or at least two charged leptons (for the tjtt and tttt topologies) with a trans-
verse momentum pZT > 20 GeV. The invariant mass of the pair comprised of the two leading
leptons myy is also requested to be larger than 50 GeV in order to be compatible with the
parton-level selection criterion of section 3.2. At this stage, the total Standard Model
background contains a large part of Drell-Yan lepton pair events (98.7% and 98.2% for the
tjtj and tjtt/tttt topologies, respectively). To reduce this background, a selection on the
missing transverse energy Jr, defined as

Er = Z T

visible particles

: (4.1)
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Figure 3. Jet multiplicity distribution after selecting events with exactly (left panel) or at least
(right panel) two leptons, missing transverse energy F; > 40GeV and a dilepton invariant-mass
mye > 50 GeV. Contributions arising from top-antitop (red) and Drell-Yan production (orange) are
factorized from the rest of the background (blue) and signal distributions for the tjtj signature (left
panel) and for both the tjtt and ¢ttt channels (right panel) are indicated by plain and dashed curves.

is applied. By requiring ;- > 40 GeV, we take advantage of the fact that Drell-Yan events
are characterized by a lack of missing energy whereas the neutrinos arising from leptonic
top decays ensure signal events to contain a sensible quantity of missing energy.

Jets present in sgluon-pair events originate mainly from the hadronization of b-quarks
and light quarks issued from top decays. In contrast, the hadronic activity of background
events consists dominantly of initial-state radiation that leads to a lower jet multiplicity
(see figure 3). To maintain simultaneously a good sensitivity to the sgluon signal while
discarding a substantial part of the background, the presence of at least three, four and five
jets with p7T > 25 GeV is demanded for the tjtj, tjtt and tttt final states, respectively. In
addition, we benefit from the presence of jets arising from the fragmentation of long-lived
b-quarks in sgluon-induced events, requiring a minimum number of one, two and three
b-tagged jets for the tjtj, tjtt and tttt topologies, respectively.

After applying the above-mentioned selections to the preselected dileptonic events, the
selection efficiencies for the signal are found to range from 15% to 50% for a sgluon mass
of m, = 400 GeV and from 25% to 60% for m, = 800 GeV for the three search channels
(derived from table 4). The expected Standard Model background, which has been divided
by a factor of about 400, 3000 and 100000 for the tjtj, tjtt and tttt search strategies,
respectively, is now largely comprised of Drell-Yan and top-antitop (plus possibly one or
two additional gauge bosons) events. To further reduce it, we apply a specific selection
on the fraction of dileptonic events and only retain those where the leptons have the same
electric charge. The signal efficiency of such a criterion is of about 50% while only 10% and
20% of the background events survive in the context of the tj¢j and tjtt/tttt topologies.

The numbers of events selected at each step of the analysis are indicated in table 4 for
two representative benchmark scenarios with sgluon masses of 400 GeV and 800 GeV, as
well as for the background. It turns out that after all selection criteria, the background is
dominated by top-antitop events for the tjtj and tjtt search channels and by events related
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tjtj channel

Selections
ml =400GeV  ml =800GeV Backgrounds
Ny = 2 with pf. > 20GeV | (1.26 £0.02)-103>  4.86+£0.30  (1.721 4 0.002)-107
mge > 50 GeV (1.154£0.02)-10>  4.494+0.28  (1.716 & 0.002)-107
Er > 40GeV (9.38 £0.20)-10>  4.044+0.27  (1.549 & 0.004)-10°
N; > 3 with p, > 25GeV | (9.18 £0.19)-102  4.0440.27  (5.693 + 0.020)-10*
Ny >1 (6.05+0.16)-10>  2.804+0.22  (4.089 4+ 0.011)-10%
Same sign dilepton (2.814£0.11)-10>  1.064+0.14  (4.191 4 0.035)-103
. tjtt channel
Selections
m! =400GeV  ml =800GeV Backgrounds
Ny > 2 with pf > 20GeV | (2.89 £0.11)-102  4.714+0.17  (1.722 £ 0.002)-107
mge > 50 GeV (2.63+£0.10)-10>  4.4440.17  (1.717£0.002)-107
Er > 40 GeV (2.17£0.09)-10>  4.1240.16  (1.598 & 0.004)-10°
N; > 4 with p, > 25GeV | (1.97 +£0.09)-10>  4.03+0.16  (2.375 +0.012)-10*
Ny > 2 83+ 6 1.89+0.11  (5.950 4 0.040)-103
Same sign dilepton 36+4 0.774+0.07  (2.860 + 0.080)-102

Selections

tttt channel

m! =400GeV  ml! =800GeV

Backgrounds

Ny > 2 with p4 > 20 GeV
myee > 50 GeV
Br > 40GeV
N; > 5 with p}, > 25 GeV
N, >3

Same sign dilepton

11.33 £ 0.33
10.42 £+ 0.32
8.78 £ 0.29
7.50 £ 0.27
1.61 £ 0.13
0.69 = 0.08

7.90 £ 0.24
7.56 £ 0.22
7.03 £ 0.21
6.60 £+ 0.20
1.93 £ 0.11
0.82 £+ 0.07

(1.722 4+ 0.002)-107
(1.717 4 0.002)-107
(1.598 + 0.004)-10°
(8.11 4+ 0.06)-10°
(1.88 £ 0.06)-10?
103+ 1.5

Table 4. Flow-charts related to the selection strategy for the ¢jtj (upper panel), tjtt (middle
panel) and tttt (lower panel) topologies in the case of a multilepton analysis. We present the
remaining number of events, together with their associated statistical uncertainties, after each
of the selection criteria in the context of the LHC collider running at a center-of-mass energy of
/5 = 8TeV and for an integrated luminosity of 20fb~1.
events are given for scenarios of class I and for a sgluon mass of ml = 400 (800) GeV in the
second (third) column of the tables. Concerning the ¢ttt channel, we present in the second (third)
column of the table the evolution of the number of signal events for a scenario of class I (IT) with
a sgluon mass of ml = 400GeV (mi! = 800GeV) after applying each of the selections. The
associated numbers of background events are shown in the fourth column of the tables.

detailed description of each of the selections, we refer to the text.
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Figure 4. Distribution of the Hy variable defined in eq. (4.2) after applying the selection strategy
associated with the multilepton analysis presented in the text for the tjtj (left) and tjtt (right)
topologies. We distinguish the dominant source of background associated with the production of ##
pairs together with jets (red) from the other contributions (blue). We superimpose the correspond-
ing curves for two signal scenarios of class I with respective sgluon masses of 400 GeV (plain black
curve) and 800 GeV (dashed black curve).

to the associated production of a top-antitop pair with one or two additional gauge bosons
for the tttt signature.

In our simulation setup, the multijet background, jets faking leptons and charge
misidentification have not been accounted for. However, on the basis of the analysis of
ref. [65] where same sign dilepton events are investigated after selection criteria similar to
those applied in this paper, these sources of background have been found to contribute in a
significant way as the associated number of surviving events after applying all the selections
is ten times larger. We therefore adopt a conservative approach and derive, in section 4.3,
two limits on sgluon-induced new physics. The first one is extracted after omitting the
non-simulated backgrounds and the second one is obtained after multiplying the number
of background events by a factor of ten.

We then consider the Hr variable defined by

Hr = 2 [zl (42)

jets, leptons, missing energy

since signal events are expected to contain more jets and leptons than background events.
Omitting the ¢ttt channel as its statistical significance is very poor (see table 4 for illustra-
tive benchmark scenarios), we present Hrp distributions for the tj¢j and tjtt topologies on
the left and right panels of figure 4, respectively. On both panels, we show curves associ-
ated with signal scenarios of class I where the sgluon mass is set to 400 GeV and 800 GeV.
The distributions present a steep rise once the production threshold is reached, followed by
a large peak centered around twice the sgluon mass. We then compare these shapes to the
corresponding background distributions, after factorizing out the dominant ¢¢ contribution
(in red) from the rest of the background events (in blue). This suggests to probe the LHC
sensitivity to the presence of sgluon fields coupling dominantly to top quarks by means of a
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careful investigation of the shape of the entire Hp distributions, keeping all events, rather
than requiring (unefficient) selection on this variable. Limits at the 95% confidence level
are extracted in this way in section 4.3.

4.2 Event selection for a single lepton plus jets signature

Final states containing exactly one lepton are expected to be copiously produced from
sgluon pair production and decay at the LHC as they correspond to a fraction of events
equal to 36% and ~ 41% in the context of the tjtj and tjtt/tttt topologies, respectively.
We preselect events by requiring exactly one single lepton with a transverse momentum
pfip > 25 GeV. Consequently, the Standard Model background is expected to be domi-
nated at 92% by events associated with the production of a W-boson in association with
jets. The expected number of sgluon events ranges from 34.9 (24.6) to 10700 (48.4) for a
representative scenario with a sgluon mass of 400 GeV (800 GeV), as shown in table 5.

The multijet background has not been taken into account up to now. However, data-
driven methods used to estimate its shape and normalization tend to show that it may
have to be considered in our analysis [66]. In order to realistically and reliably reject this
background, we impose, inspired by the experimental analysis of ref. [66], the missing trans-
verse energy of the events to be larger than F; > 40 GeV and the reconstructed WW-boson
transverse mass, defined as

MY = \/pr%ET [1 —cos Ady g, | (4.3)

to be larger than 25GeV. In this equation, the quantity A¢, p = stands for the angular
distance, in the azimutal direction with respect to the beam, between the lepton and the
missing energy.

As for the multilepton analysis, a higher multiplicity of hard jets is expected in signal
events. They indeed arise from the hadronization of final state quarks, in contrast to the W-
boson plus jets background where jets originate predominantly from initial-state radiation
(see figure 5). Events are therefore selected with the requirement that they contain at
least six, seven and eight jets with a transverse-momentum p]T > 25 GeV for the tjtj, tjtt
and tttt topologies, respectively. Moreover, sgluon events are expected to include a higher
number of heavy-flavored jets. The minimal number of b-tagged jets is therefore required
to be larger that one and two for the tjtj and tjtt/tttt search channels, respectively. At this
stage, the expected Standard Model background is composed mainly of ¢t events, where
the top-antitop pair is possibly produced in association with one or several gauge bosons.

The number of events surviving to each of the selection criteria is presented in table 5
for two representative signal scenarios with m, = 400 GeV and 800 GeV as well as for the
background. After all selections, we expect a number of signal events ranging from 7.28
(8.96) to 2940 (20.4) for a sgluon mass of 400 (800) GeV according to the search channel
under consideration. In contrast, the Standard Model predicts a background of 64070,
9330 and 2658 events for the tjtj, tjtt and tttt topologies.

Due to the larger activity expected in signal events compared to background events,
we consider, as in section 4.1, the Hr variable as a discriminant between signal and back-
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) tjtj channel
Selections
ml =400GeV ~ ml =800GeV Backgrounds
Ny =1 with pf > 25GeV | (1.06 £0.01)-10*  45.74+0.9 (2.376 £ 0.003)-10%
Er > 40GeV (7.65 4+ 0.06)-10° 37.94+0.8 (6.836 + 0.002)-107
MY > 25GeV (6.43+0.05)-103>  30.7+0.7  (6.72240.002)-107
N; > 6 withp), > 25GeV | (3.88 4 0.04)-10° 24.9+0.7  (8.63440.024)-10%
Ny > 1 (2.91 +0.04)-103 193406  (6.407 +0.014)-10*
. tjtt channel
Selections
ml =400GeV ~ ml =800GeV Backgrounds
Ny =1 with pf& > 25GeV | (1.21 £0.22)-10°  21.34+0.4  (2.376 £ 0.001)-10%
Er > 40GeV (8.81 £0.19)-102 18.1+0.3 (6.836 + 0.002)-107
MY > 25GeV (7.66 £ 0.18)-102 15.4+0.3 (6.722 £ 0.002)-107
N; > 7 with p, > 25GeV | (4.05+0.13)-10>  11.084+0.3  (2.613 +0.012)-10*
Ny > 2 (1.99 4 0.09)-10? 5.99 4+ 0.2 (9.330 4 0.050)-103
tttt channel
Selections
m! = 400GeV mll =800GeV Backgrounds
Ny = 1 with p > 25GeV 34.6 + 0.6 23.2 + 0.4 (2.376 4 0.001)-10%
Fr > 40GeV 27.34+0.5 20.2 + 0.4 (6.836 4 0.002)-107
MY > 25GeV 23.6 + 0.5 17.140.3 (6.722 4 0.002)-107
N; > 8 with p}, > 25GeV 10.840.3 12.340.3 (7.020 + 0.060)- 103
Ny > 2 7.2140.27 8.47+0.23  (2.658 £ 0.026)-103

Table 5. Same as table 4 but in the context of a single lepton final state. For a detailed description
of each of the selection criteria, we refer to the text.

ground. Following the definition of eq. (4.2), we present, in figure 6, the Hp distributions
after following the tjtt (left panel) and ¢ttt (right panel) single lepton selection strategy
introduced above. We show background distributions after distinguishing events associ-
ated with top-antitop production in association with jets (red) from the rest of the back-
ground (blue). The resulting behavior underlines a steep rise once the top-antitop produc-
tion threshold is reached, both in the tjtt and tttt channels, followed by a peak around
Hp ~ 500GeV and a smooth fall with increasing energy. In comparison, signal distribu-
tions are associated with a clear peaky behavior centered around an Hp value depending
on the sgluon mass (~ 1.5m,) and the tail of the distributions does not extend to a very
large hadronic energy, in contrast to the Standard Model background expectation. Instead
of requiring a selection criterion based on the Hp variable, we then employ the shape of
the associated distributions as inputs to extract the LHC sgluon mass reach in section 4.
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Figure 5. Jet multiplicity distribution after selecting events with exactly one lepton, missing
transverse energy Fp > 40GeV and a W-boson transverse mass My > 25GeV. We distinguish
the ¢t (red) and W-boson plus jets (orange) contributions from the rest of the background (blue)
and present signal distributions for a sgluon scenarios of class I with m, = 400 GeV in the tjtj
(plain), tjtt (strong dashed) and ¢ttt (light dashed) channels.
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Figure 6. Distribution of the Hp variable defined in eq. (4.2) after the selection strategy
associated to a single lepton analysis as presented in the text. We distinguish the background
events associated to the production of ¢ pairs together with jets (red) from the other contributions
(blue). For the tjtt channel (left panel), we superimpose the corresponding curves for two signal
scenarios of class I with respective sgluon masses of 400 GeV (plain black curve) and 800 GeV
(dashed black curve). In the case of the tttt search-channel (right panel), we rather consider a
scenario of class I with a sgluon mass of 400 GeV (plain black curve) and a scenario of class II with
a sgluon mass of 800 GeV (dashed black curve).

In the case of a tjtj signature with exactly one final state lepton, the reconstruction
of the sgluon mass is possible if the missing energy is assumed to originate only from the
neutrino issued from the W-boson decay. Assigning the labeling of the six jets according
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to the process
pp — 0o = (tjs)(tis) = (J1j2dss)(jalvje) , (4.4)
all possible permutations of the six jets are performed and the one minimizing a y2-variable
defined by
2
+

12 "2 .
Mjyja — mE/V)] [(mjljzjé - mj1j2) - mim)/] i [m&/h - mgé)
P 7 P

2
(Muwjy o — Mevia) = (M jags s — Mijrjags)
)]

X* =

(4.5)
+

()
O 5t [(mfl/jmjes - mfl/j4) + (mj1j2j3,j5 — My1jaj3

is retained as the true configuration of a given event. The analytical expression of this
x2-variable exactly mimics eq. (4.4). The three jets ji, jo and j3 are the ones issued from
the hadronically decaying top quark, js being a b-jet,? and this information is encompassed
into the first two terms of the y? variable. The invariant mass of the two light jets j; and
Jo2, denoted by mj, j,, is asked to be compatible with the WW-boson mass and the three-jet
invariant mass m;, j,;,; is required to be compatible with the top mass. However, in order
not to introduce a correlation between the first two terms of the y? variable, we subtract
from the reconstructed top mass mj, j,j, the reconstructed dijet invariant-mass mj, j,. The
values of the fit parameters are taken as mg/) = 80.7GeV, O'I(/;;) = 8.9GeV, mt% = 90.8 GeV
and Ut(;)/ = 10.5 GeV. These numerical values have been extracted from a fit based on the
Monte Carlo truth, which ensures that each reconstructed object is correctly assigned ac-
cording to the configuration of eq. (4.4). In our simulation setup, it must be noted that
the large values of O(10%) for the widths are mainly related to detector resolution.

In the third term of eq. (4.5), we focus on the leptonically decaying top quark and
ask the invariant mass my,j, to be compatible with the top mass. Since the neutrino four-
momentum is entirely reconstructed from the assumption that both the missing energy
and the charged lepton are issued from the decay of a W-boson, there is no need to add
an extra term in the definition of the y2, the information being already implicitly included
in the my,;, term. From the Monte Carlo truth, we have calculated a reconstructed mass
equal to mglr) = 167.8 GeV, together with a width of O't(lr) = 19.1 GeV.

Finally, the definition of the y? variable of eq. (4.5) exploits the fact that both the
tjs and tjg pairs are issued from the decay of a sgluon field. The corresponding invariant
MAasses M, j,js,j5 and My, j, must hence be self-compatible, up to the detector resolution.
This is translated in the last term of eq. (4.5), after subtracting the respective reconstructed
top masses to avoid possible correlations among the different terms of the x?. From the
Monte Carlo truth, we fix the related width to 0((,? = 0.098 GeV.

Performing an event selection as described in the upper panel of table 5 and minimiz-
ing the x? variable of eq. (4.5), each event is reconstructed according to the pattern given
in eq. (4.4). This allows us to extract the sgluon mass m((f). The resulting distributions
are presented on figure 7 for both the background and four signal scenarios of class I with
a sgluon mass parameter m, taken equal to 200 GeV, 400 GeV, 600 GeV and 800 GeV,

respectively. As expected, the background distribution, where we again distinguish the

2We are however not making use of jet flavor information in our kinematical fit.
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Figure 7. Reconstructed sgluon mass mgf) for both the background and several signal scenarios in
the context of the tjtj topology. Event selection is performed as in the upper panel of table 5 and
we reconstruct each event according to the pattern given in eq. (4.4) by means of the minimization
of the x? variable of eq. (4.5). Concerning the background distribution, we distinguish the dominant
top-antitop contribution (red) from the rest of the background (blue) and superimpose signal curves
for four scenarios of class I, with respective sgluon mass of 200 GeV (plain), 400 GeV (strong dotted),
600 GeV (light dotted) and 800 GeV (dash-dotted).

top-antitop pair contributions (in red) from the other sources of background (in blue),
presents a rising behavior once the production threshold of a top-antitop pair is reached,
quickly followed by a slow fall which extends to rather large values of the reconstructed
sgluon mass m((,T). In contrast, the signal distributions all show a peak. For light sgluons
(my = 200 GeV or 400 GeV), this peak is clearly centered around the true sgluon mass. In
the case of heavier sgluons (m, = 600 GeV and 800 GeV), the detector resolution renders
the peak very wide and centered around a value equal to about 70% — 80% of the real
sgluon mass. We then use, in the next section, the reconstructed mass mSI) to extract

limits on the sgluon mass reachable at the LHC.

4.3 LHC sensitivity to a sgluon field dominantly coupling to top quarks

For each of the final states considered in this paper, we combine the number of expected
signal and background events, including their corresponding statistical uncertainties, to
calculate upper limits on the signal cross section at the 95% confidence level. To this
aim, we use the CLs technique [67] as implemented in the MCLIMIT software [68]. We
employ the Hp variable defined in eq. (4.2) to discriminate signal from background in the
multilepton (for the tjtj, tjtt and tttt topologies) and single lepton (for the tjtt and ttit
topologies) analyses while the reconstructed sgluon mass is chosen in the case of a single
lepton analysis applied to a tjtj final state.?

3We have checked that considering the reconstructed mass instead of the Hr variable allows us to
improve the LHC sensitivity by about 15%-20% in the low mass region. This choice is however irrelevant
for the higher sgluon mass region.
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Single lepton analysis

Multilepton analysis

Multilepton analysis
(background x10)

tjtj
tjtt

590 T30 GeV
480 130 GeV

570 T30 GeV
520 153 GeV

440 T2 GeV

tttt (Scenario I) -
tttt (Scenario IT) 640 T35 GeV

650 T3 GeV 520 T30, GeV

Table 6. Expected sensitivity of the LHC collider, running at a center-of-mass of 8 TeV and for
an integrated luminosity of 20 fb~!, to sgluons. The results are given, together with the associated
lo statistical uncertainties, in terms of upper bounds on the sgluon mass to be reached, at the
95% confidence level, for different types of analyses and scenarios. For scenarios of class I, the
expectations for the ¢j¢j channel are given on the first line of the table, those related to the tjtt
channel on its second line and those associated with the ¢ttt channel on its third line. Scenarios of
class II are only investigated in the context of the ¢ttt search-channel and results are shown on the
fourth line of the table. Finally, we distinguish results obtained by employing a single lepton analysis
(second column), a multilepton analysis after neglecting the QCD background (third column) and a
multilepton analysis after multiplying the simulated background by a factor of ten (fourth column).

The results are presented in figure 8 for the tjtj channel (upper panel), ¢jtt chan-
nel (middle panel) and tttt channel (lower panel) as dashed and dot-dashed curves in the
context of the multilepton and single lepton analysis, respectively. In addition, the ef-
fects of the non-simulated sources of background mentioned in section 4.1 are presented
as dotted curves. On these figures, we also show the theoretical cross sections related to
sgluon-induced production of multitop final states as a function of the sgluon mass. In
addition to the central NLO curves derived from table 2, we include a 30% uncertainty
band corresponding to the typical order of magnitude of the variations of the results with
respect to different choices for the factorization and renormalization scales [44]. The curves
associated with scenarios of class I are shown in dark gray, while those related to scenarios
of class II are given in light gray.

Sgluon masses excluded at the 95% confidence level are also indicated in table 6, for
each final state and for each scenario considered in this paper. The quoted uncertainties
correspond to an estimation of the cross section limits at the 1o level, where o stands for
the statistical uncertainty.

In the multilepton analysis, sgluon masses lower than 570 and 520 GeV can be excluded
in the tjtj and tjtt topologies, respectively, for scenarios of class I. Equivalently, the ATLAS
experiment is sensitive to sgluon-induced multitop production cross sections of O(100) fb
for both the tjtj and tjtt signatures at /s = 8 TeV. Inspecting the second column of table 6,
the limits obtained for the tjtj search-channel barely vary (by less than 10%) when account-
ing for 1o statistical uncertainties. In contrast, the bounds extracted from the analysis of
the tjtt topology are found to be more sensitive to statistics as they can vary by about 17%
with respect to (un)lucky fluctuations. This feature can be understood from the behavior
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Figure 8. The 95% confidence level expected signal cross sections as a function of the sgluon mass,
for an integrated luminosity of 20fb~! and /s = 8 TeV. The bands around the theoretical curves
correspond to an uncertainty of 30%, and predictions for scenarios of class I (IT) are presented as
light (dark) gray bands. The expected limits in the tjtj (upper), tjtt (middle) and ¢ttt channels
(lower) are given, for the single lepton (multilepton) analysis, as dot-dashed (dashed) curves. In
the multilepton case, we also show the results obtained after enhancing the background by a factor
of ten (dotted curves).
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of the theoretical cross sections in the 500-600 GeV sgluon mass range. While the tjtj cross
section decreases with the sgluon mass, the tjtt cross section is rather flat. The multilepton
analysis is however not sensitive to sgluon-induced production of four top quarks for class I
scenarios, at /s = 8 TeV and for an integrated luminosity of 20 fb=!. This results from the
too low branching ratio of the sgluon decay into a top-antitop pair (see table 2). In class II
scenarios, this branching ratio is 2.5—7.6 times more important, so that sgluon masses lower
than 650 GeV, or cross section of O(10) fb, can be excluded at the 95% confidence level.

When taking into account non-simulated backgrounds, the total number of expected
background events is conservatively multiplied by ten. Consequently, the ¢jtt analysis is
not sensitive to sgluon-pair production anymore, while the masses excluded when analyzing
tjtj and tttt (for scenarios of class II) final states decrease from 570 to 440 GeV and 650
to 520 GeV, respectively.

We now turn to single lepton analyses and show that the reconstructed sgluon mass
from a tjtj topology can be used to exclude, at the 95% confidence level, sgluon as heavy
as 590 GeV (dot-dashed curve). Moreover, these bounds are found not to drastically vary
when including 1o statistical uncertainties. Concerning the tjtt and tttt topologies, the
Hp variable is considered as a discriminant and sgluon masses up to 480 GeV and 640 GeV
can be reached. In the first case, statistical fluctuations can lead to different expectations
by about +15% in the ¢jtt case while in the tttt case, the results are found only to slightly
change by about 5%.

5 Conclusion

Many new physics theories predict the existence of a scalar field, commonly dubbed sgluon,
lying in the adjoint representation of the QCD gauge group. To investigate the sensitivity
of the LHC to this particle in the case it couples dominantly to the top quark, as motivated
by hybrid N =1/N =2 or R-symmetric supersymmetric theories, an effective field theory
has been built. This theory consists of a minimal extension of the Standard Model includ-
ing a single real sgluon field, together with a set of interactions leading to its production
and decay at the LHC. The model has been implemented in the FEYNRULES package so
that a UFO model for MADGRAPH 5 has been extracted.

Final states containing two, three, or four top quarks produced in association with jets
have been investigated. To optimize the sensitivity of the search for sgluon-pair produc-
tion predominantly decaying to top quarks, two signatures (multilepton and single lepton)
have been considered in three topologies (tjtj, tjtt, tttt). We have shown that sgluons of
about 500-700 GeV can be reached at the LHC collider running at a center-of-mass energy
of 8 TeV and for an integrated luminosity of 20fb~!. Equivalently, this mass constraint
can be translated into a bound on the cross section associated with the production of two,
three, or four top quarks issued from the decays of a pair of sgluons. Contributions higher
than 10-100fb can be excluded for most scenarios, at the 95% confidence level. While
a search strategy based on a single lepton selection ensures, with appropriate selection
criteria, the multijet background to be under good control, non-simulated contributions
to the background such as jets faking leptons and charge misidentification can reduce the
sensitivity of the multilepton signature by several hundreds of GeV.
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Our work therefore motivates a future extension of the two performed analyses in the
context of a full detector simulation of the LHC experiments.
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