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Motivation
• Pseudo scalar ALPs → strongest couplings to top quarks.
• Trigger on the μ/e from the top (semi-leptonic):
‣ Access low ALP masses: 2ᐧmμ < ma < mZ.

‣ Reduced backgrounds.
• Top-loop induced decays → long-lived ALPs.
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Relevant analysis details
• Main backgrounds: tt̄ & single top, but many more included.
• Two types of muons: PAT (prompt) and DSA (displaced).
• Run 2 + 2022 + 2023.
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• Trigger on the μ/e from the top (semi-leptonic):
‣ Access low ALP masses: 2ᐧmμ < ma < mZ.

‣ Reduced backgrounds.
• Top-loop induced decays → long-lived ALPs.

Relevant analysis details
• Main backgrounds: tt̄ & single top, but many more included.
• Two types of muons: PAT (prompt) and DSA (displaced).
• Run 2 + 2022 + 2023.

Links
• Top Secrets (pheno study): 2306.08686.
• CMS internal note: AN-23-201.
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LLPnanoAOD

• We need additional information that’s not stored in nanoAOD, e.g.: 
‣ DSA muons, DSA-PAT matching, displaced ID+Iso. 
‣ Dimuon vertex fits. 
‣ GenPart vertex position. 
‣ …
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Add new branches
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Production chain

• Run 2:  

AOD → LLPminiAOD → LLPnanoAOD. 
• Run 3 — we can skip the miniAOD step:  

AOD → LLPnanoAOD. 
• Implemented in CMSSW. 
• Using CRAB (CMS Remote Analysis Builder) to manage jobs. 
• This is the most time-consuming part of our workflow.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideCrab
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Keep extra collections

Add new branches
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EXOnanoAOD

• We are working on a common EXOnanoAOD format. 
• Contains information needed by multiple EXO analyses: 
‣ Displaced muons. 
‣ Displaced electrons. 
‣ Displaced vertices. 
‣ Muon Detector Showers. 
‣ … 

• In the future, CMS plans to drop AODSIM  
→ EXOnanoAOD even more important. 

• To be produced centrally  
→ readily available to all future analyses.

Production chain

• Run 2:  

AOD → LLPminiAOD → LLPnanoAOD. 
• Run 3 — we can skip the miniAOD step:  

AOD → LLPnanoAOD. 
• Implemented in CMSSW. 
• Using CRAB (CMS Remote Analysis Builder) to manage jobs. 
• This is the most time-consuming part of our workflow.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideCrab
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Skimming
• Since (almost) all events we’re interested in contain tt̄, we apply a loose skim 

that almost never changes to reduce the data volume, e.g.:
‣ Single muon trigger.
‣ MET > 30 GeV.
‣ ≥1 muon.
‣ ≥4 jets.
‣ ≥1 b-jet.
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• Histograms are created out of the CR/SR skims:
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• Since (almost) all events we’re interested in contain tt̄, we apply a loose skim 

that almost never changes to reduce the data volume, e.g.:
‣ Single muon trigger.
‣ MET > 30 GeV.
‣ ≥1 muon.
‣ ≥4 jets.
‣ ≥1 b-jet.

• Next, we create a number of smaller skims for CRs/SR, e.g.:
‣ A good dimuon requirement.
‣ Tighter MET and muon requirements.

Analysis
• Histograms are created out of the CR/SR skims:
‣ Iterative process, adding/modifying histograms frequently.
‣ Sometimes adding cuts on-the-fly to quickly check things.
‣ Generating plots out of these histograms to understand things.

• Some 2D histograms used as inputs for the ABCD method.
‣ Used to generate Combine data-cards and calculate limits.
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Production & analysis
• LLPnanoAOD production: 
‣ AOD → (LLPminiAOD) → LLPnanoAOD. 
‣ CMSSW + CRAB. 
‣ Very slow… 
‣ …but only has to happen once.

• LLPnanoAOD analysis: 
‣ Loose skim → CR/SR skim → histograms → limits. 
‣ Developed tea framework (more in the next slide). 
‣ Repeated every day… 
‣ …but really fast.

LLPnanoAOD

LLPminiAOD

AOD

Loose tt̄ skim

tt̄+a SR

histograms

limits

Full 2018 data + backgrounds + signal
Size (TB) #events (M) How long How often

1500 3000 — —

640 3000 3+ 
months once

10 3000 3 weeks once

0.320 40 3h 3/year

0.055 4.5 10 min 1/month

0.002 — 5-10 
min 1+/day

— — 5 min 1/week

https://jniedzie.github.io/tea/docs/home/
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Other details
• The data is mostly stored in the DESY T2 space.
• Loose skimming: 160k jobs for 2018 (limit: 5k).
• We do merge ntuples/histograms when there are too many small files.
• CR/SR skimming + histogramming: <9k jobs.
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Our requirements

• Complicated collection building process  
→ columnar approach tedious, preference for loops. 

• Must support skimming  
→ will save us a lot of time. 

• Must be fast  
→ we need to rerun things many, many times. 

• Would be nice to have python flexibility for configuration.
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• Loop-based logic, any ROOT-based ntuples. 
• Heavy stuff implemented in C++, light stuff in Python. 
• Provides core functionality. 
• Adds convenience functionality for frequently used objects, 

e.g. HepMC particles, NanoMuons, etc. 
• User extendable: custom physics objects and events.
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• Would be nice to have python flexibility for configuration.
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• Loop-based logic, any ROOT-based ntuples. 
• Heavy stuff implemented in C++, light stuff in Python. 
• Provides core functionality. 
• Adds convenience functionality for frequently used objects, 

e.g. HepMC particles, NanoMuons, etc. 
• User extendable: custom physics objects and events.

Analyses using tea

• CMS tt̄+ALPs (this analysis) 
• CMS Light-by-light, 2412.15413 
• SHIFT@LHC, 2406.08557 
• CMS HGCal calibration analysis 
• Hexaquarks pheno study

tea
toolkit for 
efficient 
analysis

https://github.com/jniedzie/tea_ttalps
https://github.com/jniedzie/tea_lbl
https://arxiv.org/abs/2412.15413
https://github.com/jniedzie/tea_shift
https://arxiv.org/abs/2406.08557
https://github.com/jniedzie/tea_hgcal
https://github.com/jniedzie/tea_hexaquarks
https://jniedzie.github.io/tea/docs/home/
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What works well

• Fast skimming/histogramming/limits calculation. 
• Enough NAF resources to handle our workflow quickly. 
• Multi-tier system - no need to rerun heavy steps frequently. 
• Consistent naming, consistently reviewing PRs: 
→ Better code quality, easier to spot bugs. 
→ Easier to run someone else’s code. 

• The same framework used for different analyses  
→ they benefit from others developments.
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• The same framework used for different analyses  
→ they benefit from others developments.

What needs to be improved

• Production of LLPnanoAOD is very slow  
→ hope to improve with centrally produced EXOnanoAOD. 

• Stability of NAF/HTCondor sometimes is an issue. 
‣ On a bad day (when something goes wrong): 

➡ Jobs don’t start, take a long time to start. 
➡ Jobs hang or never finish. 
➡ Some jobs lag far behind the 99% that finish quickly. 

‣ We are in touch with the experts, but some global, long-
term improvements needed.
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➡ Jobs hang or never finish. 
➡ Some jobs lag far behind the 99% that finish quickly. 

‣ We are in touch with the experts, but some global, long-
term improvements needed.

Scaling to HL-LHC

• Some improvements possible thanks to better triggers (targeting specifically this signature). 
• The workflow for this analysis would remain largely the same. 
• Amount of data/processing time would roughly scale with luminosity. 
• Idea: work with 1% of data for most of the analysis development, move to 100% only at the very end.


