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Exotics at ATLAS

• Broad program, impossible to cover 
all topics in this talk

• Focus on latest searches based on 
a number of theoretical models

• Resonance searches

• Dilepton

• WZ → lνl’l’

• Type III Seesaw Heavy 
Fermions

• Leptoquark search

• Long-lived multicharged particle 
search

• Hidden sector searches

• Prompt electron jets from 
Higgs decay

• Prompt lepton jets from 
squark decay in Hidden 
Valley scenario
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Dilepton Resonance Search
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Z’→ll: GUT E6 models
G*→ll: Randall-Sundrum 

extra dimensions

e+e-: diphoton trigger
µ+µ-: single muon trigger

main backgrounds: Z/ϒ*→ll (Drell-Yan), also QCD multijet and W+jets in e+e- channel
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Search for Resonant WZ→lνl’l’ production

√s = 8 TeV, 13.0 fb-1

W’: extended gauge models, composite/Little Higgs
ρT: low scale technicolor

Selection: 3 leptons with pT > 25 MeV, veto events with 
additional leptons
Require lepton pair with same flavor, opposite charge, invariant 
mass <20 GeV from Z mass
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Search for Resonant WZ→lνl’l’ production
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Search for Type III Seesaw Model Heavy Fermions
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Leptoquark Search
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Multicharged Particle Search
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Models with multi-charged particles: dyons, long-lived black holes, Q-balls, |q| = 2-6e

Fraction of high threshold hits in 
the TRT also used to discriminate 
between signal and background

Long-lived→track in muon spectrometer, characteristic dE/dx signature

http://arxiv.org/abs/1301.5272

√s = 7 TeV, 4.4 fb-1

S(dE/dx) =
dE/dxtrack− < dE/dxµ >

σ(dE/dxµ)
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Lepton Jets and Hidden Sectors

• Hidden sectors appear in 
many models

• SUSY models, string 
theory models, Hidden 
Valley scenarios

• Astrophysical measurements 
of positron excess inspired 
several lepton-jet models

• Hidden sector dark photon 
decays to collimated e+e- 
or μ+μ- pair
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WH Production with Higgs → Prompt Electron Jets
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Hidden Valley Prompt Lepton Jets

11
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Muon-jet selection

Rη2 = electron cluster energy concentration 

Muon jets: ≥ 2 lepton-jets of ≥ 2μ’s 
or ≥ 1 lepton jet of ≥ 4μ’s

Electron jets: ≥ 2 lepton-jets, 
cannot resolve individual 
electrons in calorimeter

Main background: multi-jet production

Dark photon decay to muon or electron jets
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Hidden Valley Prompt Lepton Jets

304 ATLAS Collaboration / Physics Letters B 719 (2013) 299–317

Table 3
Contributions to the systematic uncertainty on the signal yields for the three different lepton-jet (LJ) channels given as percentages. A “NA” means this
source does not apply.

Electron LJ [%] 1 muon LJ [%] 2 muon LJ [%]

Luminosity 3.9 3.9 3.9
Trigger efficiency 1.5 2.0 3.6
Offline !R efficiency 13.0 10.7 10.7
Lepton momentum scale 0.6 1.0 1.0
Isolation 5.2 < 0.1 < 0.1
Rη2 and wη2 efficiency 8.0 NA NA
fHT efficiency 1.0 NA NA
fEM efficiency 3.0 NA NA
Muon momentum resolution NA < 1.0 < 1.0

5. Results and interpretation

Table 1 shows the number of events passing all analysis cuts
compared to the background expectation from the ABCD-likelihood
method. A slight excess is observed in both the single and the dou-
ble muon-jet signal regions corresponding to p-values (the prob-
ability the background process would produce at least this many
events) of 0.06 and 0.04, respectively. The acceptance times trigger,
reconstruction, and selection efficiency for the various signal points
are listed in Table 2. It ranges from about 0.4% to 10% depending
on the model parameter αd , the mass of the dark photon, and the
analysis channel. The estimate of the background from the ABCD-
likelihood method has a large statistical error, which reduces the
expected sensitivity of the analysis. The systematic uncertainty on
the ABCD-likelihood method due to correlation between the vari-
ables, 3% (4%) for the single (double) muon-jets channel, is small
by comparison.

Table 3 lists the systematic uncertainties on the signal yields.
The possible mismodelling of track reconstruction at very small
opening angles (“Offline !R Efficiency” in Table 3) introduces a
∼10% systematic error on the signal acceptance. The size of the
systematic uncertainty on the acceptance was estimated by mea-
suring the tracking efficiency using a tag-and-probe method with
J/ψ data and MC. For !R > 0.05 the data and MC agree to within
∼4%. However, a systematic variation of ∼10% is observed in the
efficiency for the smaller !R region, which is probably due to a
slightly softer pT distribution in the MC than in the data. System-
atic errors are also assigned to the determination of the luminosity,
the modelling of the trigger acceptance, the modelling of the lep-
ton reconstruction efficiency, and the modelling of each of the
analysis cuts.

The 95% confidence-level upper limits on the number of ex-
pected events from new phenomena producing collimated pairs of
prompt leptons were calculated using the CLs method [31] with
a log-likelihood ratio (LLR) test statistic. Ensembles of pseudo-
experiments were generated for the signal-only hypothesis and the
signal + background hypothesis, varying the LLR according to the
statistical and systematic uncertainties. The upper limits were de-
termined by performing a scan of p-values corresponding to LLR
values larger than the one observed in data. For broad applicabil-
ity, the limits are expressed in terms of the signal cross section
times branching ratio to the final state under consideration, us-
ing the expected signal acceptance for each of the pairings of dark
photon masses and dark sector gauge coupling parameter values
in Table 4.

The observed limits in the electron-jets channel are in good
agreement with the expected limits, and are the first inclusive
study of prompt electron-jets at the LHC. The limits in the muon-
jet channels are slightly higher than expected as a result of the
slight excesses, but are within 2σ of the SM expectation for both
channels. The limits on the production of prompt lepton-jets in

Table 4
Observed (expected) upper limits for cross section times branching ratio (σ× BR) to
the final state under consideration, in units of pb for the three different lepton-jet
(LJ) channels.

Signal parameters Electron LJ
Obs. (Exp.) pb

1 muon LJ
Obs. (Exp.) pb

2 muon LJ
Obs. (Exp.) pbαd mγD [MeV]

0.0 150 0.082 (0.082) – –
0.0 300 0.11 (0.11) 0.060 (0.035) 0.017 (0.011)
0.0 500 0.20 (0.21) 0.15 (0.090) 0.019 (0.012)

0.10 150 0.096 (0.10) – –
0.10 300 0.37 (0.37) 0.064 (0.036) 0.018 (0.011)
0.10 500 0.39 (0.39) 0.053 (0.035) 0.018 (0.011)

0.30 150 0.11 (0.11) – –
0.30 300 0.40 (0.40) 0.099 (0.055) 0.020 (0.012)
0.30 500 1.2 (1.2) 0.066 (0.043) 0.022 (0.015)

the muon-jet channel improve upon previous results by an order
of magnitude.

6. Conclusions

A search for collimated pairs of muons or electrons, lepton-
jets, has been performed using nearly 5 fb−1 of pp collisions at√
s = 7 TeV recorded with the ATLAS detector at the LHC. Such fi-

nal states have been proposed as a possible explanation of recently
observed anomalies in cosmic-ray and dark matter direct-detection
experiments. No significant excess of data compared to the SM
expectation was observed in any of the three channels, and 95%
confidence-level upper limits have been computed on the cross
section times branching ratio for several parameter values of a Hid-
den Valley model. The limits range from 0.017 to 1.2 pb.
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Conclusions

• Cross-section of new searches

• Addressing a broad range of models and signatures

• No sign of new physics yet!

• Update of analyses to √s = 8 TeV with full 20 fb-1 integrated luminosity is work 
in progress
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Backup
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ATLAS Detector
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WΥ and ZΥ Production Measurement

• Channels allow simultaneous 
tests of Standard Model 
predictions and searches for 
BSM physics

• Test consistency with standard 
model W and Z self couplings

• Search for anomalous WWϒ, ZZϒ, 
and Zϒϒ triple-gauge-boson 
couplings (aTGC)

• Search for technicolor vectors 
resonances in Zϒ, Wϒ channels
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FIG. 1. Feynman diagrams of Wγ and Zγ production in (a)
u-channel (b) t-channel and (c) final state photon radiation
(FSR) from the W and Z boson decay process. (d) Feynman
diagram of Wγ production in the s-channel. Diagrams of
the signal contributions from the W + q(g) processes when a
photon emerges from the fragmentation of (e) a gluon and (f)
a quark in the final state.

solenoid providing a 2 T axial magnetic field, electro-
magnetic (EM) and hadronic calorimeters, and a muon
spectrometer (MS). The ID consists of three subsystems:
the pixel and silicon microstrip (SCT) detectors cover
the pseudorapidity1 range |η| < 2.5, while the Transition
Radiation Tracker (TRT), which is made of straw tubes,
has an acceptance range of |η| < 2.0. The calorimeter
system covers the range |η| < 4.9. The highly segmented
electromagnetic calorimeter, which plays a crucial role
in electron and photon identification, comprises lead ab-

1
ATLAS uses a right-handed coordinate system with its origin at

the nominal interaction point (IP) in the center of the detector

and the z-axis along the beam pipe. The x-axis points from the

IP to the center of the LHC ring, and the y-axis points upward.

Cylindrical coordinates (r,φ) are used in the transverse (x,y)

plane, φ being the azimuthal angle around the beam pipe. The

pseudorapidity is defined in terms of the polar angle θ as η =

− ln tan(θ/2). The distance ∆R in the η − φ space is defined as

∆R =

�
(∆η)2 + (∆φ)2.

sorbers with liquid argon (LAr) as the active material
and covers the range |η| < 3.2. In the region |η| < 1.8,
a pre-sampler detector using a thin layer of LAr is used
to correct for the energy lost by electrons and photons
upstream of the calorimeter. The hadronic tile calorime-
ter (|η| < 1.7) is a steel/scintillating-tile detector and
is located directly outside the envelope of the barrel
electromagnetic calorimeter. The two endcap hadronic
calorimeters have LAr as the active material and cop-
per absorbers. The calorimeter coverage is extended to
|η| = 4.9 by a forward calorimeter with LAr as active
material and copper (EM) and tungsten (hadronic) as
absorber material. The MS is based on three large su-
perconducting aircore toroid magnets, a system of three
stations of chambers for precise tracking measurements
in the range |η| < 2.7, and a muon trigger system which
covers the range |η| < 2.4.
The data used for the analyses presented in this paper

were collected in 2011 from pp collisions at a center-of-
mass energy of 7 TeV. The total integrated luminosity
is 4.6 fb−1 with an uncertainty of 3.9% [12, 13]. Events
were selected by triggers requiring at least one identi-
fied electron, muon or photon. The transverse energy
(ET) threshold for the single-electron trigger was initially
20 GeV, and was raised to 22 GeV in the later part of
2011 to maintain a manageable trigger rate at higher in-
stantaneous luminosity. The transverse momentum (pT)
threshold for the single-muon trigger was 18 GeV. Single-
photon events were triggered with a transverse energy
ET > 80 GeV.

III. SIGNAL AND BACKGROUND MODELING

Monte Carlo (MC) event samples, including a full sim-
ulation [14] of the ATLAS detector with geant4 [15],
are used to compare the data to the SM signal and
background expectations. All MC samples are simulated
with additional pp interactions (pile-up) in the same and
neighboring bunch crossings. The number of pp interac-
tions in the same bunch crossing averages 9 and extends
up to about 20, as observed in the data.
The production of pp → �νγ and pp → τνγ is mod-

eled with the alpgen (2.14) generator [16] interfaced to
herwig (6.520) [17] for parton shower and fragmentation
processes, and to jimmy (4.30) [18] for underlying event
simulation. The modeling of pp → �+�−γ and pp → νν̄γ
processes is performed with the sherpa (1.4.0) genera-
tor [19] since the simulation of these processes is not avail-
able in alpgen. An invariant mass cut of m(�+�−) >
40 GeV is applied at the generator level when simulat-
ing the pp → �+�−γ process. The cteq6l1 [20] and
cteq6.6m [21] parton distribution functions (PDFs) are
used for samples generated with alpgen and sherpa, re-
spectively. The final-state radiation (FSR) photons from
charged leptons are simulated by photos (2.15) [22] for
the alpgen sample, and by the sherpa generator [23] for
the sherpa sample. All the signal production processes,
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WΥ and ZΥ Production Measurement

• Signal processes

• pp → lνϒ + X

• pp → l+l-ϒ + X

• pp → νν_barϒ + X

• Backgrounds: Z(l+l-), Z(τ+τ-), 
W(τν), WW, tt_bar, single t, 
photon mis-identification as 
jet or election
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WΥ and ZΥ Cross Section and aTG Coupling
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WΥ and ZΥ Resonance Search
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