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HH — 4b analysis | ST

e Search for resonant and non-resonant di-Higgs
production in the four b-quarks final state vl

 Two main production modes are ggF and VBF 4

* Main goals are production cross-section limits and
constraining k; and K5y, couplings
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e Size of the analysis team: more than 25 people
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-29/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-41/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-29/

Overall workflow structure

e Start from central DAOD PHYS, sequentially process using two separate
frameworks: easyjet (CP tools-based) and bbbbarista (coffea-based)

 Non-standard point: background is data-driven

 Bookkeeping: currently no automation done when chaining steps; use
docs page to keep track of various productions (and associated tagged
versions of code used)
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easyjet [link]
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https://gitlab.cern.ch/easyjet/easyjet/-/tree/main/bbbbAnalysis

easyjet [link] — /O numbers

e |nputs: DAOD PHYS ntuples

e Data: O(600 TB, 28B events)

e Non-resonant signal: ©(1.5 TB, 35M events)

e Main MC background (QCD+¢f): ©(40 TB, 900M events)
e QOutputs: easvyjet ntuples

e Data: O(800 GB, 1.3B events)

e Non-resonant signal: ©O(700 GB, 14M events)

e Main MC background (QCD+tt): ©(500 GB, 366M events)
 Both inputs and outputs of this step are stored on grid sites
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https://gitlab.cern.ch/easyjet/easyjet/-/tree/main/bbbbAnalysis

easyjet [link] — processing time

e Runs within ATLAS-specific environment via asetup

e Submit jobs to the grid and wait; most jobs are done within ~4 days,

restarting failed jobs etc. brings total time to ~1.5 weeks
* Replicate outputs to CERN GROUPDISK grid site and softlinked in

group eos folder
* Typically have a few easyjet productions per year (at least one for

each new DAO

D PHYS production, sometimes more if needed)

Nik[hef

16 May 2025

Seébastien Rettie | Physics analysis at the HL-LHC blueprint workshop


https://gitlab.cern.ch/easyjet/easyjet/-/tree/main/bbbbAnalysis

bbbbarista [link]
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https://gitlab.cern.ch/atlas-physics/HDBS/DiHiggs/bbbb/bbbbarista

bbbbarista [link] — I/O numbers

e Inputs: easyjet ntuples (see previous slides)

e QOutputs: .parquet files used for background estimate and statistical
analysis
e Data: ©(1.5 GB, 4.8M events)
 Non-resonant signal: ©(1.2 GB, 2.7M events)

e Main MC background (QCD+¢f): O(1.1 GB, 1.3M events)
e Qutputs of this step are stored on ATLAS eos space
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https://gitlab.cern.ch/atlas-physics/HDBS/DiHiggs/bbbb/bbbbarista

bbbbarista [link] — processing time

e Based on coffea+dask within custom conda environment

e Run mainly on UChicago Analysis Facility due to dask cluster availability via
coffea—-casa iImage (also possible to run on Ixplus)

e Processing time is O(hours) to go from easy-jet ntuples to .parquet files

 Apply tagging selection, kinematic selection, do Higgs candidate jet pairing,
define analysis regions, etc.

e Typically have a handful of bbbbarista productions per month (at least
one for each new easyjet production, with new ntuples for various tagger
working points etc.)

16 May 2025 Seébastien Rettie | Physics analysis at the HL-LHC blueprint workshop \ iBI] et


https://coffea.af.uchicago.edu/
https://gitlab.cern.ch/atlas-physics/HDBS/DiHiggs/bbbb/bbbbarista

General points

e Impossible to run bbbbarista without xcache; run into timeout errors (see #5)

e |Lately have been running into issues where timeouts are reached even when using
xcache (under investigation)

 \Would be great to be able to avoid these timeout errors (even at the cost of slower
runtimes) but so far not possible

e Debugging dask can be tricky at times; other than inserting . compute ()

statements, barrier to entry for debugging can be high

e Similarly, when jobs get killed by workers, not always straightforward to determine
what the issues are; can be related to step size, but no way to pin down other than

trying it out
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https://gitlab.cern.ch/atlas-physics/HDBS/DiHiggs/bbbb/bbbbarista/-/issues/5

Systematics

* Numbers in previous slides are all *without™ systematics
e EXxpect systematics to increase bbbbarista runtime significantly

when processing signal samples given currently no way to parallelize
(details in discussion for #422)

e Sub-dominant effect for our analysis given no systematics on data,
but something to keep in mind
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https://github.com/CoffeaTeam/coffea-casa/issues/422
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Final steps

e Data-driven estimates generated from bbbbarista ntuples with
machine learning frameworks

e Typically run on institute clusters with access to GPUs, but can also be done
on personal laptops given small size of bbbbarista ntuples

e Histogram creation from the bbbbarista ntuples takes O(seconds),

so run when needed, either on institute clusters/Ixplus or personal
laptops

e Limit setting from histograms done either on institute clusters/Ixplus or
personal laptops
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Looking ahead
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-018/
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Thank you!
Merci!

Questions?



Survey answers

e hitps://docs.google.com/spreadsheets/d/
127/KDQIRJrdBEpedoSp3I3KORcyQMOHHhKAvdAV
Bc-ukY/edit?usp=sharing
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https://docs.google.com/spreadsheets/d/127KDQIRJrdBEpedoSp3l3kORcyQM0HHhKAvdVBc-ukY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/127KDQIRJrdBEpedoSp3l3kORcyQM0HHhKAvdVBc-ukY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/127KDQIRJrdBEpedoSp3l3kORcyQM0HHhKAvdVBc-ukY/edit?usp=sharing

Previous r21 numbers

e Previous r21 analysis did not use easyjet/dask
e Mini-ntuple production (roughly equivalent to current easyjet step)

took approximately a week on the grid with or without stats (since

parallel job submission was possible for systematic variations)
 Took around a day on the grid for the Nano-ntuple creation (roughly

equivalent to current bbbbarista step) without systematics, and

approximately a week or so with systematics
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