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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


LHC and Experiments
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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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ATLAS
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CMS
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ATLAS Upgrades
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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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Building an Analysis
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Building an Analysis – Trigger
1 event/25 ns = 40 MHz

100 kHz
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Building an Analysis – Simulation & Reconstruction
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Building an Analysis – Simulation & Reconstruction
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Building an Analysis – Simulation & Reconstruction
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Non-Collision Backgrounds
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EFT vs Simplified Models vs … Signatures?
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https://arxiv.org/pdf/1506.03116.pdf

https://arxiv.org/pdf/1506.03116.pdf


Signature Overview
Ex: ATLAS DM overview: https://arxiv.org/abs/1903.01400
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Mediator: Visible Signatures

Dijet

Resolved dijet + ISR

Boosted dijet + ISR

Trigger-Level Dijet

Dibjet

Dilepton

Same-sign tt

𝑡 ҧ𝑡 resonance
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Mediator: MET Signatures

Jet+MET

𝛾+MET

W/Z(hadronic)+MET

Z(𝑙𝑙)+MET

h(𝑏ത𝑏)+MET

h(𝛾𝛾)+MET

Heavy flavor + MET

h->invs
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Long-Lived Particles
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Figure by H. Russell



Neutral LLPs
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1806.07396



Some Analysis Examples
Reminder, Moriond 2019 results:

DM: http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pinna.pdf

LLPs: http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pedro.pdf

Higgs: http://moriond.in2p3.fr/QCD/2019/SundayMorning/Brendlinger.pdf

Higgs: http://moriond.in2p3.fr/QCD/2019/SundayMorning/Flechl.pdf
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http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pinna.pdf
http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pedro.pdf
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Trigger Level Analysis

• Trigger directly on lower-energy jets 
and record only a portion of the 
event
• Use L1 trigger to identify candidate 

events

• Record jet four-momentum and some 
jet substructure information, but little 
other event information

• Required dedicated jet calibration for 
partially built events

• Background calculated with fit to 
dijet mass spectrum
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ATLAS-CONF-2016-030



Photon + MET

• Trigger on photon, offline 
cut on pT > 175 GeV and 
MET > 170 GeV

• Beam-induced and machine 
backgrounds require 
dedicated selection on 
shower shape/time

• SM backgrounds tackled via 
fits in control regions
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1810.00196



Disappearing Tracks
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EXO-19-005-pas



Delayed Jets
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EXO-19-001-pas



Heavy Charged LLPs
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1902.01636



Some Recent HL-LHC Projections
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BSM Projections
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https://arxiv.org/abs/1902.10229

https://arxiv.org/abs/1902.10229


Direct chargino and neutralino production

• Final states with ǁ𝜒0 and ǁ𝜒± LSPs comprise a large 
fraction of R-parity conserving parameter space

• Current 95% CL exclusion limits ~250 GeV for massless 
LSP

• Selection criteria efficiency shows a dependence on 
pileup, degrades limits somewhat at low masses

• Major increase in exclusion possible for HL-LHC dataset
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ATL-PHYS-PUB-2015-032

From lepton + MET



DM + Heavy Flavor
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ATL-PHYS-PUB-2018-036

From lepton + MET



Mono-Z
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FTR-18-007-pas

• Run 2 syst: Same size uncertainties as in Run-II, no 
improvements considered

• YR18 syst: Use projected improvement in control of 
systematic uncertainties from 2018 CERN yellow 
report (50% reduction)

• Stat syst: Only statistical uncertainties considered



Backup
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ATLAS Exotics
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CMS Exotics
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ATLAS LLPs
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CMS LLPs

2019_04_02 DM at LHC 37



Machine Learning in Simulation
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https://arxiv.org/pdf/1609.00607.pdf

https://arxiv.org/pdf/1609.00607.pdf
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