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1. Introduction

Many models of new physics beyond the standard model predict the production of new heavy
bosons at the LHC. If the mass of this new particle is larger than twice the mass of the top quark,
they can decay to a top-anti top pair. In addition, several models make this decay mode preferential,
with larger couplings to top than to other quarks. An obvious example of this is a second Higgs
boson, in one of the two Higgs doublet models (2HDM) [1]. Also a leptophobic Z’ of a topcolour-
assisted-technicolour model [2, 3] would decay preferentially to #7. A corresponding charged boson
would decay into a b pair. This contribution presents the searches for resonances decaying into ¢f
and tb which have been conducted by the ATLAS collaboration in a model-independent way. The
ATLAS detector is described in [4]. The main physics processes which constitute a background
are: the production of W= +jets and Z+jets, the single top plus jets production, and, clearly the non
resonant ¢7 production, which has a well defined mass spectrum shape. By the nature of the reso-
nance we need to distinguish two cases. The signal of a vector resonances, like a Z', is a localised
excess over a continuum ¢7 invariant mass spectrum. There is very little interference between the
standard ¢f production processes and the sought signal. This is not the case for scalar or pseu-
doscalar resonances: as the initial state is the same gluon-gluon interaction, the interference term
is so important that the signal shape is strongly distorted from a standard Breit-Wigner distribu-
tion.The model independent searches are then translated into limits for specific models. The signal
of the new particle is simulated using a monte carlo generator with a grid of masses and natural
widths, to cover different coupling strengths. Most of these analyses use the ¢7 decay channels,
where one electron or one muon are present in the final state, together with jets and jets containing
B-mesons; results from all-hadronic top decays are also included.

2. Resonances decaying to /7

The search for vector resonances has been performed [5] using 3.2 fb~! of 13 TeV collision
collected in 2015 in the lepton+jet channel, using a single muon or electron (indicated with ¢)
as a trigger. The reconstruction of the event is based on three types of jets, all using the anti-k,
algorithm: the small-R jets are the standard, calorimeter-based jets, reconstructed with a radius
parameter R = 0.4; they have a minimum pt > 25 GeV and || < 2.5. The large-R jets are recon-
structed with R = 1, but also have a "trimming" process, to discard low-energy sub-jet components,
which are due to event pile-up. The large-R jets have a minimum pt > 300 GeV and |n| < 2.0. The
track jets are reconstructed from charged tracks, with R = 0.2. Their minimum pt > 10 GeV and
In| < 2.5. The lepton is required to be unique in the event and have a pt > 25 GeV. A pr-dependent
isolation cut is also used. A small-R jet (Jg), with no specific b-tagging is required to be near to
the lepton, at AR(jet-f) < 1.5 (AR = \/AN? + A¢?). The large-R jet is required to be at a large az-
imuthal angle from both the lepton (A¢; > 2.3 rad) and from Jg (A¢ > 1.5 rad). Cuts on missing
transverse energy from the neutrino are also required: E%“iss > 20 GeV, E%‘iss +mY > 60 GeV. The
invariant mass distribution of the large-R jets is shown in Figure 1 (a).

2.1 Vector resonances

The simulation agrees well with the data, within the systematic uncertainties. A high purity
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Figure 1: (a) Left: distribution of the mass of the large-R jet in the selected events containing muons. (b)
Right: distribution of the invariant mass, after the likelihood fit, assuming no signal is present. [5].

E‘ 3 E TTT I TTTT I TTT I. I T .I T T I TT 1T I TTTT I TTTT I TTTT I TTTT I TTT 4
210 E E
pay E ATLAS Preliminary _ Observed 95% CL limit 3
14— . -
"T' L Vs=13TeV, 3.2 b «-vene Expected 95% CL limit ]
N 102 E [ Exp. 10 uncertainty iE|
E:’ = Exp. 2 ¢ uncertainty -
- (" —
f-‘)? 10 . Z1ca(M/m=1.2%) (LO x 1.3)
) = ., - 7', (T/M=3%) (LO x1.3) 3
N - ., .
o [ v ’
1e E
107
10_2 _I 1 1 1 I 11 1 1 I 1 1 1 1 I 1 1 1 1 I 11 1 1 I 11 1 1 I I..I.' 1 I~II~I” d I 11 1 1 I 1 1 1 I_

0O 05 1 15 2 25 3 35 4 45 5
Z'mass [TeV]

Figure 2: Exclusion of the production cross section times branching fraction of a weakly coupled vector
boson, as a function of its mass. The expected signal for a leptophobic Z’ is shown in red and black dashed
courves, for two different hypotheses on the width (Ref. [5]).

tt sample is selected (85%), and a statistical fit is performed to the invariant mass distribution
(Figure 1 (b)) using the BumpHunter algorithm, with nuisance parameter profile fit. No evidence
is found for a deviation from non-resonant m;,, distribution. The main systematic uncertainties are
related to the large-R jet energy scale. From the fit, using various hypotheses for the mass and
width, it is possible to establish limits on the cross section times the branching ratio to top quark
pairs. For a leptophobic Z’ (topcolour-assisted) with a width of 1.3% of the mass value this analysis
has excluded 0.7 < mz < 2.0 TeV at 95% C.L., as shown in Figure 2. The corresponding ATLAS
analysis [6] of 8 TeV data has excluded myz < 1.8 TeV
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Figure 3: Distribution of the reconstructed #7 invariant mass in for events selected as candidates in the ¢+
jets analysis of 8 TeV collisions. The observed deviation from the non resonant spectrum is shown in the
lower plot, together with the expected deviations in case of presence of a scalar and a pseudoscalar particle.
From ref. [11].

2.2 Scalar resonances

Gluon—initiated processes interfere with non-resonant ¢f production [7, 8]. This makes it
slightly more difficult to simulate the signal for a grid of masses and widths. A common non reso-
nant ¢ sample for the continuum background has been generated with Powheg [9] and Pythia6 [10].
The resonant signal and the interference have been generated for various mass values and both par-
ities using a slightly modified version of Madgraph_aMC@NLO, with negative weights. This way
the correct peak-dip shape could be generated with the same computing intensive background. The
analysis [11] used the resolved jet configuration in the {-+jets channel, requiring at least four small-
R jets, each with pt > 25 GeV, and at least one b-tagged jet with 70% efficiency, with the same
requirements on leptons and missing Et as in the boosted analysis. The invariant mass distribution
shows no sign of deviation from the shape expected from SM processes (Figure 3). The results are
interpreted in terms of a CP-conserving 2HDM of type II, with a softly broken Z, symmetry [13].
The lighter of the two neutral CP-even states, 4, is assumed to be the Higgs boson, with a mass of
my, = 125 GeV [14, 15] and couplings as predicted by the SM. This corresponds to the condition
sin(a¢ — ) = 1. The parameter tanf is the ratio between the vacuum expectation values of the
two doublets and « is the mixing angle between the two scalar states. There is no sign of such a
resonance in the invariant mass distribution obtained with 20.3 fb~! at \/s = 8 TeV. The exclusion
limits are derived separately for each signal hypothesis from a profile-likelihood fit [16]. The upper
limits on signal strength at 95% confidence level (CL) are obtained with the CLs method [17] for a
grid of values in the (1 /y,tan 8) plane, as shown in Figure 4.



Search for heavy resonances decaying to top quarks Saverio D’ Auria

/s = 8TeV, 20.3fb, all limits at 95% CL —— Obs. === Exp.+10/20 + Signal Samples
T T

1 T

T T T T T T
2.0 1 ' ATLAS Preliminary ATLAS Preliminary ATLAS Preliminary

1 L I
500 550 600 650 700 750500 550 600 650 700 750500 550 600 650 700 750
ma [GeV] my [GeV] ma = my [GeV]

Figure 4: Exclusion limits in the tan 3-mass plane for the scalar and pseudoscalar hypotheses. The blue
points correspond the parameters used in Monte Carlo samples [11, 12].
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Figure 5: Exclusion limits in terms of crosss section times branching ratio for the /+4jets channel ((a), left
[18] ) and for the all hadronic channel ((b), right [19] ), as a function of the resonance mass. The WIQ expected
signal is shown in red.

3. Vector resonances decaying to tb

A leptophobic W’ decaying to tb has the same final state as the s-channel single top production,
at a high invariant mass. It has been sought by the ATLAS collaboration with 20.3 fb~! collision
data at /s = 8 TeV in the /-+jets [18] and in the hadronic decay channel, requiring 4 jets, of which
2 b-jets [19]. Various theoretical models have a different coupling for right and left-handed W',
which corresponds to slightly different exclusion limits. With the hypothesis of a standard model
coupling g’ = gsm, the exclusion limits are: myy < 1.68 TeV and my,; < 1.76 TeV from the analysis
of the 4-jet final state (Figure 5(b)); my; <1.70 TeV and my; <1.92 TeV for the Lvbb final state, as
shown in Figure 5(a). The limits on ¢ xBR are 0.10 pb to 0.21 pb for W’ bosons with purely right-
handed couplings. More accurate exclusion curves have been drawn in the g’/gsm vs. mass plane.
Thesearch for a scalar particle H* — tb has been described elsewhere in these proceedings [20].

4. Conclusions

No sign of new resonances to 7 or tb has been found so far by the ATLAS collaboration. The
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13 TeV data exclude leptophobic Z' with mz < 2.0 TeV. The 8 TeV ATLAS analysis excludes also
the presence of scalar or pseudo scalar resonances. The parameter space of the 2HDM-II model
has been explored and has exclusion for My ;z < 600 GeV. The 8 TeV data exlude leptophobic w'
with my» < 1.92 TeV. New analyses on these channels are being finalised using the 13 TeV data
collected in 2015 and 2016.
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