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The significant increase of the centre-of-mass energy of the Large
Hadron Collider (LHC) from 8 to 13 TeV has allowed the LHC experi-
ments to explore previously inaccessible kinematic regimes in their search
for phenomena beyond the Standard Model (BSM). Many BSM theories
predict new phenomena accessible by the LHC. Searches for new physics
models are performed using the ATLAS experiment at the LHC. The results
reported here use the proton–proton (pp) collision data sample collected in
2015 and 2016 by the ATLAS detector at the LHC with a centre-of-mass
energy of 13 TeV with a total integrated luminosity of 45 fb−1.
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1. Introduction

Since its formulation, the Standard Model (SM) of particle physics has
enjoyed unblemished experimental success. However, the theory leaves cer-
tain structural questions open: Why are there three generations of quarks
and leptons? What is behind the observed mass hierarchy? What is the
nature of dark matter? As well as more experimentally driven questions
about the nature of dark matter.

A plethora of extensions to the SM, known as Exotic models, have been
developed in order to address these questions. Many of these models indi-
cate that new phenomena are likely to appear at the TeV-scale, the direct
probe of which is possible with the ATLAS detector [1] at the LHC [2] at
CERN. The ATLAS detector is a multi-purpose detector whose tracking,
calorimetric, and muon spectrometer systems allow accurate identification
and precise reconstruction of leptons, jets, photons, and missing transverse
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energy (Emiss
T ). In the analyses summarized in this note, the theoretical

frameworks considered are: extra dimensions such as ADD, Quantum Black
Hole (QBH), Randall–Sundrum (RS), new gauge boson (Sequential Stan-
dard Model (SSM), leptophobic-Z ′, Heavy Vector Triplet (HVT)), contact
interaction (CI), excited fermions. The considered final states include vector
bosons, jets, leptons and photons.

2. Searching for new gauge bosons

Multiple theories beyond the SM postulate the existence of extra gauge
bosons, which can be probed in various channels.

Searching for a W ′ heavy boson: The search is conducted in the
W ′ → `ν channel, where ` = e or µ. The signature is a single high-pT
isolated lepton and substantial missing transverse energy Emiss

T due to the
undetected neutrino. The signal discriminant is the transverse mass of the
lepton and neutrino, mT =

√
2pTEmiss

T (1− cosϕ`ν), which is compared to
the expectation from SM processes. A good agreement is observed, as shown
in Fig. 1 (left). The resulting limits on the cross section times branching ratio
(σ × BR) for a W ′ boson as a function of mass are shown in Fig. 1 (right).
The results of this search [3] are interpreted in the context of the benchmark

Fig. 1. (Colour on-line) Left: Transverse mass distributions for events satisfying all
selection criteria in the muon channel. The distributions are compared to the sum
of all expected backgrounds, with three selected W ′SSM signals overlaid. The band
in the ratio plot shows the systematic uncertainty [3]. Right: Median expected
(dashed black line) and observed (solid black line) 95% confidence level (C.L.)
upper limits on σ×BR. The predicted σ×BR cross section for W ′SSM production
is shown as a solid grey (red) line [3].
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Sequential Standard Model (SSM) [4] where the couplings of the W ′ to
fermions are assumed to be identical to those of the SM W . Interference
between the SSM W ′ and the SM W and the decay into other bosons is
neglected.

Search for high-mass opposite-sign dilepton resonances: The
`+`− final-state signature is a key search channel for a host of different
new phenomena expected in theories that go beyond the SM. The `+`−
invariant mass (m``) distribution could deviate from the SM expectation
due either to the presence of a Z ′ resonance [5] or the presence of new non-
resonant couplings [6]. A search for these effects was performed in both the
electron and muon channels, with the m`` distributions compared to the
SM prediction [7]. This search channel benefits from high signal selection
efficiencies and relatively small, well-understood backgrounds. No significant
deviations are observed, and the resulting limits on the σ×BR for a Z ′ boson
as a function of mass are shown in Fig. 2 (left). The lower 95% C.L. exclusion
limits on the energy scale Λ for various ``qq contact interaction models range
between 23.5 TeV and 40.1 TeV, Fig. 2 (right).

Fig. 2. Left: Upper 95% C.L. limits for Z ′ production σ × BR to two leptons.
Right: Lower 95% C.L. limits on the contact interaction (CI) scale Λ for different
chiral coupling and both constructive and destructive interference scenarios using
a uniform positive prior in 1/Λ2.

Searches for the same-sign dilepton final states: Events with
two high-pT, isolated, prompt leptons with the same electric charge (same-
sign leptons) are produced very rarely in a pp collision according to the
predictions of the SM, but they may occur with a higher rate in various
beyond the SM theories. This analysis aims to study BSM theories that
contain a doubly-charged Higgs particle [8,9], and in the absence of evidence
for a signal, set limits through the observed invariant mass of the same-
sign leptons. A model-independent search for new physics processes was
performed and no clear evidence for an excess in the observed same-sign
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electron pair invariant mass spectrum was observed within systematic and
statistical uncertainties. Therefore, the upper limits for the signal cross
sections were set at 95% C.L. [10].

Searches for the opposite-sign different flavor (eµ) dilepton
final states: Within the SM, direct production of lepton pairs with differ-
ent flavour is forbidden due to lepton flavour conservation (LFC). However,
lepton flavour violation (LFV) is allowed in many extensions of the SM such
as ADD [11] and RS [12] models for extra dimensions. A search for such
resonance was carried out by comparing the eµ invariant mass distribution
to the SM expectation [13]. A good agreement is observed, and the resulting
limits on the σ × BR for a LFV Z ′ as a function of the Z ′ mass are shown
in Fig. 3.

Fig. 3. Left: The invariant mass distribution of selected electron–muon pairs for
data and MC expectation. The errors show the statistical uncertainty on the
observed yields, while the systematic band includes the addition in quadrature of
all systematic uncertainties. Right: The expected and observed 95% C.L. lower
mass limits on the Z ′ production cross section in decays to an eµ final state [13].

3. Searches for γγ resonances

The diphoton (γγ) channel is very promising since it is a very clean chan-
nel, requiring just two energetic isolated prompt photons in the final state.
Two analyses are optimized, with different cuts on isolation and on the pT
of the photons, for the search of a scalar Higgs-like boson [14] and for the
search of spin-2 graviton [15]. Analyzing the combined 2015–2016 data [14]
corresponding to 15.4 fb−1 of total integrated luminosity, no evident excess
was found around 750 GeV for the spin-0 analysis (as seen in Fig. 4 (right)).
The largest local significance is 2.4σ for a mass near 1600 GeV and a narrow
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width hypothesis. In the 700–800 GeV mass range, the largest local signif-
icance is 2.3σ for a mass near 710 GeV and a relative width of 10%. The
corresponding global significance of excess of events is less that 1σ. Look-
ing at the analysis performed with the 2015–2016 collected events, the most
probable explanation is that the excess around 750 GeV found in 3.2 fb−1
of 2015 data [15] was a statistical fluctuation.

Fig. 4. Distribution of the diphoton invariant mass for the selection used in the
search for a spin-2 (left) [15] and spin-0 (right) [14] resonance with the best
background-only fit.

4. Diboson resonance searches

Several models can be tested with diboson final states (WW , WZ, ZZ),
including heavy CP-even scalar singlet (X → WW/ZZ), Heavy Vector
Triplet (W ′ → WZ, Z ′ → WW ) and RS spin-2 graviton (G → WW/ZZ).
Both leptonic and hadronic decays of the vector boson are used in these
searches. Given the presence of SM W/Z/γ boson pairs in SM productions
and decay products predicted in various theory models/mechanisms, the
searches have quite some diversities in terms of both the decay final states
of the new physics interpreted resonance and the further decay final states of
various SM bosons. At high-energy, the reconstruction of boosted bosons is
difficult due to the fact that the products of the decay are very collimated. In
the case of the hadronic decay, the two jets originating from the two quarks
are reconstructed as a single large-Radius (large-R) jet and a jet substruc-
ture technique has been developed to extract the SM W/Z boson decayed
hadrons out from the enormous QCD multi-jet backgrounds. The technique
is deployed in all the hadron decay final-state analysis of massive diboson
resonance searches (including semi-leptonic W/Z + γ but excluding γγ).
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One of the experimental hotspot in ATLAS Run 1 (with 8 TeV data)
diboson results is the 2 TeV excess found in di-large-R-jet searches, which
has 3.4σ local significance (2.5σ including LEE) [16]. The excess was very
well investigated in ATLAS Run 2 with the combined 2015 (full)+2016 (par-
tial) dataset, with the expected sensitivity competitive with full 2012 Run 1
dataset. The excess is revisited in 13 TeV data and no equally evident excess
is observed [17], which stays tuned as long as more data is accumulating.

The other decay channels such as W (→ eν)V (→ qq) and Z(→ `¯̀/νν̄)
V (→ qq) are also intensively analyzed and the results are presented with
the same dataset at 13 TeV. The invariant mass spectra of various diboson
channels are summarized in Fig. 5 and the limits on the cross section of
new physics decaying into WZ are summarized in Fig. 6, taking the HVT
W ′ → WZ as the benchmark model which is excluded up to 2.4 TeV at
95% C.L. [18–20].

Fig. 5. The diboson invariant mass distribution in W (→ eν)V (→ qq) (left),
Z(→ `¯̀)V (→ qq) (middle) and Z(→ νν̄)V (→ qq) (right) final states using 13 TeV
2015+2016 combined dataset by ATLAS, with the ratio of the DATA/MC shown
at the lower panel [18,19].

Fig. 6. The summary of the currentX → diboson cross-section limits in comparison
with HVT W ′ →WZ benchmark model [20].
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5. The dijet resonace searches

A search for new physics via a jet-pair (dijets) final state is performed by
ATLAS at

√
s = 13 TeV, using 2015 (3.5 fb−1) and 2016 (33.5 fb−1) com-

bined dataset of pp collisions. Mass and angular distributions of dijet events
are taken as the observables to examine the new physics anomaly signatures.
No significant deviations or excesses are found in the observed angular dis-
tributions and dijet mass spectra, in comparison with the SM. Invariant
mass and angular distributions are compared to background predictions and
no significant deviation is observed. For resonance searches, a new method
for fitting the background component of the invariant mass distribution is
employed. The dataset is then used to set upper limits at a 95% C.L. on a
range of new physics scenarios. Excited quarks with masses below 6.0 TeV
are excluded, and limits are set on quantum black holes, heavy W ′ bosons,
W ∗ bosons, and a range of masses and couplings in a Z ′ dark matter medi-
ator model. Model-independent limits on signals with a Gaussian shape are
also set, using a new approach allowing factorization of physics and detector
effects. From the angular distributions, a scale of new physics in contact
interaction models is excluded for scenarios with either constructive or de-
structive interference. These results represent a substantial improvement
over those obtained previously with lower integrated luminosity [21]. Fig-
ure 7 shows the 95% C.L. upper limits obtained from the mjj distribution
on σ ×A, for the chosen models.

Fig. 7. 95% C.L. upper limits obtained from the mjj distribution on cross section
times acceptance (σ × A), for the chosen models: q∗ (left), quantum black holes
with n = 6 generated with BlackMax (right) [22].
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6. Dark matter searches
Dark matter (DM) comprises approximately 27% of the universe, yet

little is known about its properties. DM particles, if produced by the LHC,
will leave a distinct signature of significant missing transverse momentum
(Emiss

T ). ATLAS DM searches revolve around two main strategies [23]. The
first approach is the search for events in which DM is pair-produced in
association with another object, typically through the initial-state radiation
(ISR). This ISR object is necessary, as the production of DM without other
particle(s) is invisible to the detector, while visible object(s) plus DM will
appear as a significant imbalance in the Emiss

T of the event. This class of
searches is often referred to as Emiss

T + X. The X can be interpreted to be
QCD jets, SM vector boson W/Z/γ, the Higgs boson or even the quarkonia
of heavy quarks such as tt̄ and bb̄.

The second approach is the search for mediators which could connect
the SM to the DM. This strategy is useful as any SM process that can form
the dark mediator can also decay back to the input SM particles, so long
as the mediator is sufficiently massive. The most common example is the
search for dijet resonances, where it is assumed that the mediator couples
to light quarks or gluons, and an observed resonance could be interpreted as
the production of a new dark mediator. In interpreting results from searches
for DM or dark mediators, ATLAS primarily relies on simplified models con-
necting the two SM inputs to the two DM outputs via a single vector, axial
vector, or scalar-mediator. Using such a simplified model means that DM
and dark mediator searches are directly comparable. The ATLAS experi-
ment provides the good platform for new physics search of DM given the
nice performance of genuine lepton/photon identification, Emiss

T reconstruc-
tion and boson tagging. The summary of the current exclusion limits on
DM mass-mediator mass is presented in Fig. 8.

Fig. 8. A summary of ATLAS limits on the leptophobic axial vector mediators
coupling to DM, with variable mediator and DM masses, from both the leading
Emiss

T +X analyses and dark mediator searches. Coupling values are fixed to 0.25
for quarks and 1 for DM (left) or 0.1 for quarks and 1 for DM (right) [20].
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7. Conclusion

We present a summary of the latest exotic new physics search results
in ATLAS experiment using

√
s = 13 TeV pp collision data recorded in

years 2015 and 2016 by the ATLAS experiment at the LHC. The search
for new phenomena beyond the SM is a very active field at the ATLAS
experiment, of which only a subset of results is presented here. No evidence
of new physics was revealed in these searches. The search results provide
the most up-to-date and stringent constraints on many new physics models
and frameworks never tested by any other experiment. An overall summary
of the current Exotic results are presented in [20].
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