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Motivation
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Portal to dark matter 
or dark sector? 

New heavy vector
boson (W’, Z’)?

Dark partners? 

4th generation?
Compositness?
Lepton quark?

Heavy leptons ?
neutrino mass? 



ATLAS Exotics search summary
• A final state often probes multiple theories
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Di-jet resonance
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New heavy vector
boson (W’, Z’)?

W’→qq
qq → Z’ → qq

Compositness?
q*→gq



Di-jet resonance searches 
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Highest-mass central dijet event of 8.0 TeV selected in resonance search 



Di-jet resonance searches 
• Smoothly-falling background: fit to the data - no
• Mass limit at set at 6.7 TeV on a benchmark q* →gq.
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Di-lepton search
• Limits set on benchmarks Z’ (for ex. Z’SSM excluded up to 5.1 TeV)
• Dedicated high-pT lepton ID to improve sensitivity
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Di-lepton search
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Dark matter search
• df
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Dark matter searches
• If light enough, Higgs boson can decay to DM (H → invisible)

– BR(H→inv) < 26% (17% expected) for ATLAS
– BR(H→inv) <19% (15% expected) for CMS 
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ATLAS: arXiv:1904.05105 
CMS: arXiv:1809.05937 



Long-lived particle search
• df
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Long-lived particle search: Type-I heavy neutrino

• Displaced analysis Selection:
– Displaced vertex of two opposite-sign tracks μμ or μe (4-300 mm)
– One prompt μ 

• Mjaor Background : single top and multi-fake displaced tracks
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arXiv:1905.09787 



Long live particle search: Type-I heavy neutrino

• Both prompt analysis and displaced used.
• Display analysis improve sensitivity in low mass.
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Displaced analysis 
improving sensitivity 

lower prompt sensitivity 
due to longer lifetime 

arXiv:1905.09787 



Di-boson and Di-Higgs search
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Extended sector? 

New heavy vector
boson (W’, Z’)?

W’→WZ, Z’→WW 

h→HHExtra-dimensions scenarios 
with radion/G→WW/ZZ/H



Di-Higgs: Double the Higgs for double the difficulty

• Df
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• Motivation
– Search for anomalous magnetic moments of H (or W/Z)

q More W/Z anomalous coupling will be covered Dr. Shu Li tomorrow
– Several models predict a new massive scalar decaying into H𝛾

• Event selection :
– boosted jet ( b tagging) -- from H, W or Z decay
– high pT 𝛾 (pT>250GeV)

• The main background
– 𝛾 +jets
– H𝛾
– H𝛾
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Diboson search : X-> H𝛾



Key issue in search for TeV new physics
• Two b jets from boosted Higgs decay merge into one
• Difficult to reconstruct Higgs boson in jet final state
• Two new analysis technique used in this analysis

– B tagging on track jets
– Jet substructure
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New physics



Jet Substruture
• df
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𝛾

H

𝛾



Jet mass
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Reconstructed boosted H, Z and W boson

arXiv:1805.01908

https://arxiv.org/abs/1805.01908


B tagging on track jet
• B tagging based on track jet
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arXiv:1805.01908

https://arxiv.org/abs/1805.01908


Limit setting of X-> H𝛾 search
• Use analytic function to fit fast falling background from

– 𝛾jets, Z𝛾, SM VBF H𝛾

• The first X-> H𝛾 limits (from 1TeV to 3TeV)
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arXiv:1805.01908

https://arxiv.org/abs/1805.01908


Prospect of X->H+𝛾 and di-higgs search
• Development in advanced double b jet tagger 
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Prospect of future X->H+𝛾 search
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Expect significant improvement in full run-2 dataset
In double b tagging efficiency 



Prospect of X->H+𝛾 and di-higgs search
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Very recent large improvement on large-R jet energy scale 
uncertainty, which will benefit future searches! 



Summary
• Short review (incomplete) review of ATLAS Exotics search
• Good progress in Di-Higgs and Di-boson search

– Better Large-R jets jet energy calibration
– More Advanced double b taggers

• Long-lived/challenging signatures to become a more important
focus
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B jet energy corrections 

• Using ATLAS default jet energy calibrations
– Higgs mass resolution is not great 
– Asymmetry in mass, long tail in low mass region

• Dedicated B jet calibration 
– Muon-in-jets corrections
– Kinematic likelihood 
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