
10/03/2017 P.A. Delsart, LPSC, Grenoble 1

Searching for exotic 
physics with the 
ATLAS detector

Pierre-Antoine Delsart
on behalf of the ATLAS collaboration

 Laboratoire de physique subatomique et de cosmologie
CNRS/IN2P3

Les Rencontres de Physique de la Vallée d'Aoste



10/03/2017 P.A. Delsart, LPSC, Grenoble 2

Exotic ?

 Many open questions on Physics Beyond the Standard Model

➢ Hierarchy/naturalness/fine-tuning ?

➢ number of flavor ?

➢ dark matter ?

➢ matter/anti-matter asymmetry

➢ GUT , quantum gravity ?

➢ ...

Possible solutions :

●Supersymmetry
●Extra-dimensions
●Compositeness
●GUT/New Gauge Bosons
●Top partners
●Additional Higgs Bosons
●...
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ATLAS and the LHC

 ATLAS: multi-purpose detector 
at the LHC

 recorded 36.0 fb-1 of pp 
collisions at √s=13TeV in 2016

 Analyses with full dataset not 
yet ready 

➢ presenting results with 
limited luminosity 

➢  using ~13 fb-1 of 
2016+2015 data
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Exotic in ATLAS
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Exotic in ATLAS

Many different experimental final states
This talk will present a few selected ones
Many different experimental final states
This talk will present a few selected ones

All ATLAS exotic results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Mono- lepton/photon/jet

 Mono-X final states imply high Missing ET

 Mono-X final states involved in Dark Matter models

Several Dark Matter searches in ATLAS

 Covered in Frederik Ruehr's presentation 
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1 lepton & Missing Et
W’→ℓν (ℓ=e,μ) tested in Sequential Standard Model (SSM)

 Observable : transverse mass

ATLAS-CONF-2016-061ATLAS-CONF-2016-061

No excess found → M
W’

 > 4.4 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-061/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-061/
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Di-lepton final states

Highest di-electron 
invariant mass 

selected by di-lepton 
searches

m
ee

 = 2.38 TeV
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Di-lepton final states

●Reconstruct invariant mass m
ℓℓ 

of 

the 2 leptons

●Search m
ℓℓ

 distributions for 

➢ Resonance peaks
➢ deviation from bkg continuum

Events with 2e or 2mu

Backgrounds with
● real leptons (Drell-Yann, top, di-

boson) : MC predictions (with (N)NLO 
corrections)

● fake electrons (multijets, W+jets) : 
data-driven estimations or corrections
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Di-lepton final states

Several models are constrained by 2e or 2μ final states

 Z’ in SSM, GUT-inspired E6 models, extra-dimensions, 
technicolor, ...

ATLAS-CONF-2016-045ATLAS-CONF-2016-045

Z’ Mass excluded below 3.36 – 4.0 TeV 

Search for resonances in invariant mass
→ no excess found.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-045/
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Di-lepton final states

Several models are constrained by 2e or 2μ final states

 Contact Interaction (CI): use an effective Lagrangian with 
4-lepton couplings depending on a scale Λ

Λ > 15 – 25 TeV
depending on the scenario

 Phys. Lett. B 761 / 1607.03669 Phys. Lett. B 761 / 1607.03669

Search for excess in high invariant masses
→ no excess found.

https://arxiv.org/abs/1607.03669
https://arxiv.org/abs/1607.03669
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Di-lepton final states
Several models are constrained by 2e or 2μ final states

 Doubly charged Higgs occur in many BSM models

➢ Left-Right symmetric models, Higgs Triplet, little Higgs, ...

Select pairs of same sign electrons
● Lower irreducible bkg
● But charge mis-identification 

bkg
➢ mis-id probabilities estimated 

with data-driven methods
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Di-lepton final states
Several models are constrained by 2e or 2μ final states

 Doubly charged Higgs occur in many BSM models

Right-handed mass > 420 GeV
Left-handed mass   > 570 GeV

ATLAS-CONF-2016-051ATLAS-CONF-2016-051

Search for resonances in invariant mass
of same sign electrons

→ no excess found.

Statistical analysis

"bump hunt"

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-051/
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Di-photon final state

ATLAS-CONF-2016-059ATLAS-CONF-2016-059

Highest di-photon 
invariant mass 

m
γγ

 = 2.2 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-059/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-059/
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Di-photon final state

New scalar decaying in 2 photons predicted by 
several models (extra-dim, additional Higgs fields,...)

➢ Great excitation in 2015 : excess at 750GeV !

m
γγ

  750 GeV, 3.9σ (local)/2.1σ (global)∼

Search for resonances in 
γγ invariant mass
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Di-photon final state

New scalar decaying in 2 photons predicted by 
several models (extra-dim, additional Higgs fields,...)

➢ 2016+2015 data (lumi x3) show no significant excess

m
γγ

  710 GeV, 2.3σ (local)/ <1σ (global)∼

ATLAS-CONF-2016-059ATLAS-CONF-2016-059

Search for resonances in 
γγ invariant mass

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-059/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-059/
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Di-jet final state

Highest di-jet 
invariant mass 

m
jj
 = 6.46 TeV
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Di-jet final state
Intrinsic experimental issue : high background & trigger limitation

 Search at high di-jet mass 

➢ excited quarks, W’, Z’, W*

➢ Quantum black hole, CI

ATLAS-CONF-2016-069ATLAS-CONF-2016-069

Resonance search in the di-jet 
invariant  mass

Fully data-driven background 
modelling by fitting

+
Statistical bump hunt

Angular distribution of the di-jet 
system

Compare MC (+NLO correction) 
shape predictions to 

data

OR

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
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Di-jet final state
Intrinsic experimental issue : high background & trigger limitation

 Search at high di-jet mass 

➢ excited quarks, W’, Z’, W*

➢ Quantum black hole, CI

No excess found 

ATLAS-CONF-2016-069ATLAS-CONF-2016-069

OR

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
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Di-jet final state
Intrinsic experimental issue : high background & trigger limitation

 Search at high di-jet mass 

➢ excited quarks, W’, Z’, W*

➢ Quantum black hole, CI

ATLAS-CONF-2016-069ATLAS-CONF-2016-069

Limits from 
resonance search

Limits from 
angular search

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-069/
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Di-jet final state
Intrinsic experimental issue : high background & trigger limitation

 Search at low di-jet mass with ISR jet or γ 

➢ fermiophobic Z’ models

ISR γ ISR jet

No excess, limits set on σ x BR x A

ATLAS-CONF-2016-070ATLAS-CONF-2016-070

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-070
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-070
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Di-jet final state summary

 ATLAS studies summarized on the leptophobic Z’ model

➢ Also showing the Trigger Level Analysis (TLA) result

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-030


10/03/2017 P.A. Delsart, LPSC, Grenoble 24

Di-Boson final state
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Di-boson final states

WW, WZ or ZZ final states are searched

 Benchmark models used 

➢ Spin 0 : Heavy Higgs with narrow width

➢ Spin 1 : Heavy weakly coupled Vector Triple (HVT)

➢ Spin 2 : Randall-Sundrum Graviton (RSG)

 Hadronic decays can be boosted

➢ due to high mass resonances

➢ use of substructure techniques to reject QCD 
background
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Di-boson all hadronic

 Testing 2 models 

➢ RSG (WW and ZZ)

➢ HVT W’ → WZ and Z’ → WW

ATLAS-CONF-2016-055ATLAS-CONF-2016-055

Identify large jets containing W/Z 
hadronic decay (W/Z-tagging)

Resonance search in the large jet 
invariant  mass

Fully data-driven background 
modelling

+
Statistical bump hunt

(using mass, "D
2
", 

num tracks )

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
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Di-boson all hadronic

 Testing 2 models 

➢ RSG (WW and ZZ)

➢ HVT W’ → WZ and Z’ → WW

ATLAS-CONF-2016-055ATLAS-CONF-2016-055

No excess found

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
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Di-boson summary

ATLAS-CONF-2016-055ATLAS-CONF-2016-055

ATLAS-CONF-2016-062ATLAS-CONF-2016-062

ATLAS-CONF-2016-082ATLAS-CONF-2016-082
Limit on W’ cross-section x BR(WZ) from 
various decay modes 

HVT (model A) mass>2.4 TeV

Bulk RSG mass >1.24 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-062
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-062
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-082
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-082
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Complex final states

Searches involving multiple tops, Higgs, vector bosons 
are conducted in ATLAS

Example : Vector Like Quark (VLQ) searches

 Predicted in Little Higgs or composite Higgs models

 top-partners searched in 

➢ T → Ht

➢ T → Zt

➢ T → Wb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-101/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-102
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Complex final states : VLQ
ATLAS-CONF-2016-055ATLAS-CONF-2016-055ttbar+b-jets search sensitive to 

TT production

Complex analysis

20 signal regions depending on
● 0 or 1  lepton
● num jets & b-tagged jets
● kinematic variables based on 

mass
15 validation regions

Main observable : 
m

eff 
= Sum(jets, lepton, Etmiss)

Combined fit of signal+bkg on 
signal & validation regions

example final decay :
TT → HtHt → bblνb bbjjb   

Note : analysis also sensitive to 
● tttt final states (ex : KK excitations in extra 

dim)
● Heavy Higgs +b/t (2HDM models)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
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Complex final states : VLQ

ATLAS-CONF-2016-055ATLAS-CONF-2016-055

ttbar+b-jets search sensitive to 
TT production

No excess found

Limits set in the VLQ BR plan :

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
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Complex final states : VLQ

Also 2 others VLQ analysis

T→Zt→ νν+qqb

T→Wb→ νl+b

ATLAS-CONF-2016-101ATLAS-CONF-2016-101

ATLAS-CONF-2016-102ATLAS-CONF-2016-102

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-101
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-101
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-102
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-102
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Conclusions

 LHC delivered excellent data in 2016

 ATLAS performed a broad variety of EXOTIC (non-
SUSY BSM) search

 No hint of new physics found...

 2016 data not yet fully analyzed

 Several new/updated results imminent

More data and analysis to come...

the Quest for exotic physics is continuing !
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