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The LHC

Run-I (2010-2012) pp at 𝒔 = 7 and 8 TeV

Run-II (2015-2018) pp at 𝒔 = 13 TeV

Run-III (2021-2023) pp at 𝒔 = 14 TeV
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LLP Signatures – ATLAS & CMS
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Experimental Challenges
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CMS
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Search arXiv

Delayed Jets EXO-19-001

Disappearing Tracks SUS-19-005

Displaced Jets 1811.07991



ATLAS
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ADD lifetimes vs geometry

Search arXiv

Highly ionizing particles/monopoles 1905.10130

Disp (& prompt) heavy neutral leptons 1905.09787

Displaced hadronic (CalRatio) jets 1902.03094

Heavy charged LLPs 1902.01636

Displaced vertex + displaced muon CONF-2019-006

Multi-charged LLPs 1812.03673

Muon vertex 1811.07370

Z + Displaced hadronic (CalRatio) jet 1811.02542



A Selection of Results Since October 2018
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Search arXiv

Delayed Jets EXO-19-001

Disappearing Tracks SUS-19-005

Displaced Jets 1811.07991

Brand New!
Check them out!



Delayed Jets
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• Avoid dijet requirement from many 
displaced jet searches by requiring an out-
of-time (but same BC) jet

• Timing from CMS ECal, first use to identify 
displaced jets

• Non-collision backgrounds require full 
detector for rejection

Cosmics

Drift Tubes

Resistive 
Plate 

Chambers

Satellites

Tracking

Beam Halo

Cathode Strip
Chambers

HCal



Delayed Jets
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• ~0 Background analysis with high signal 
efficiency for late decays

• Significant improvement on higher end of cτ
over tracker-based displaced jet searches



Disappearing Tracks
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• Use non-standard tracking to identify charged 
particles with very light charged daughters

• Neutral daughter results in MET – trigger
object

• Tackle QCD background by considering MT for 
events with two invisible particles

• Suppress fake rate with strict isolation and
reconstruction criteria



Disappearing Tracks
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CalRatio – Displaced Hadronic Jets
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• Use a dedicated trigger to identify jets with properties 
consistent with decays in the HCal

• Incorporate MLP to estimate decay position and BDT 
to discriminate between signal, QCD, and beam halo

• Remaining background estimated with modified ABCD 
method



CalRatio – Displaced Hadronic Jets
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• CalRatio-only limits set, along with combined
limits from sister (MS-Vertex) analysis

• Analysis upgrades result in significant 
improvement over Run-I limits



Heavy Charged LLPs
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• Consider heavy charged particles moving through the full 
detector (but consider also MS-agnostic approach)

• Muon and MET triggers both usable

• Time of Flight (ToF) and dE/dx allow for discrimination 
between signal and SM particles

• Accurate ToF measurements require custom calibrations, 
e.g. to account for the position a particle impacts a Tile 
cell or run-to-run fluctuations in the timing measurement



Heavy Charged LLPs
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• Analysis on 2015+2016 data with no significant 
excess observed

• Lower limits set on particle mass for 
R-hadrons, staus, and charginos



Conclusions & Outlook

• Run-II Analyses continue to 
produce new and improved 
results

• Strategies continue to evolve to 
meet challenges

• Can continue to expect Run-II
publications, we’re not done yet!

• Now is the time analyses are 
planning for future upgrades, 
both Run-III and HL-LHC – expect 
more innovations
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Backup
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ATLAS LLPs
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CMS LLPs
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The ATLAS+CMS HL-LHC 
Masterlist

https://arxiv.org/ftp/arxiv/papers/1902/1902.10229.pdf
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https://arxiv.org/ftp/arxiv/papers/1902/1902.10229.pdf


BSM Projections
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https://arxiv.org/abs/1902.10229

https://arxiv.org/abs/1902.10229
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ATLAS Upgrades
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Slide stolen shamelessly from E. L. Gkougkousis (IFAE)
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https://indico.cern.ch/event/663474/contributions/3063611/attachments/1685092/2743032/Gkougkousis_ICNFP18.pdf


CMS – Run-III & Beyond
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Slide stolen shamelessly from E. L. Gkougkousis (IFAE)



Neutral LLPs
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1806.07396


