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Tuning & Validation Studies within CMS

« Working on Jet Substructure tuning and validation studies within CMS

 Focusing on Lund Jet Plane (LJP) and Z+jet observables with CP5 tune to constrain |
Final-State Radiation (FSR) parameters and going through a range from o,>%(m,) to a
hadronization parameters

 Using Professor2 to tune fragmentation, CR models and parton-shower parameters,
evaluated via y*>/ndf comparisons

« Validation studies are ongoing across diverse jet substructure measurements, including Jet
mass (groomed/ungroomed)
« Energy correlators and event shapes
« N-subjettiness observables
« Splitting functions and quark-gluon discriminants
« Boosted W/top jet studies

Tuning process with Prof2
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https://arxiv.org/pdf/2312.16343

Motivation

« Making state-of-the-art Standard Model predictions more accessible by using the
MCPIlots, Rivet, and Contur frameworks to provide ready-to-use comparisons with LHC
measurements and their uncertainties.

« Creating a pipeline for automatic cross section normalization with atlasopenmagic and
rivet

EvGen
(Powheg+Pythia,

Sherpa etc.) \
Rivet —_— YODA ) Contur/Mcplots
Metadata
(atlasopenmagic) /’
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Outline

OpenData Event Generation & Samples

Rivet Analyses

Metadata & Normalisation
MCPlots & Contur Workflow
Future aspects for the project
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Rivet Analyses Overview (Ongoing)

CMS 2018 11711625- Measurement of the differential Drell-Yan cross section in pp collisions at \s = 13 TeV

e Channels: DY — pfu, e'e”
* Observable: invariant mass m{{ (dressed & post-FSR leptons)

 Fiducial cuts:
Leading muon p;,>22 GeV, subleading muon pT,2>10 GeV, and [n|<2.4.

* Leading electron p;,>30 GeV, subleading electron pT,2>10 GeV, and |n|<2.5 (excluding the ECAL transition region 1.44<|n|<1.57).
» Phase spaces: full (dressed) and fiducial (post-FSR)
ATLAS 2025 12905252 — Measurement of the high-mass tz- production cross section at \s = 13 TeV

e Channel: hadronic tt
* Observable: visible invariant mass m{{

« Fiducial selection: p,> 90 GeV, p,> 60 GeV, | < 2.47 (excluding ECAL gap), m_vis > 100 GeV

* Probes high-mass DY region and possible Z'/new-coupling effects

* Both implemented and validated in Rivet 4.1.1 for OpenData comparisons
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https://rivet.hepforge.org/analyses/CMS_2018_I1711625.html
https://rivet.hepforge.org/analyses/ATLAS_2025_I2905252

ATLAS OpenData - Event Generation and
Dataset Properties

« Generator setup (so far): Latest published Powheg + Pythia8 Ev(Gen datasets from
ATLAS OpenData

o Statistics: 24.19 million events, 1.1 TiB total, 2670 HepMC files analyzed

 Processing: Executed on LXPLUS using multi-core HTCondor jobs
— Output stored on EOS and merged locally

« Computational cost: Highly CPU-intensive (large event volume and 1/0)

« Mass range: Centre-of-mass scale starts at 180 GeV — no visible Z-boson peak will be
seen for these samples

* Only 1 file problematic during processing
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https://opendata.cern/record/160002

ATLAS OpenData Metadata Access and Usage

 Accessed via the atlasopenmagic Python interface

« Metadata retrieved for cross-section, filter efficiency, and generator configuration etc.

« Will lead to automatic normalization and provenance tracking across samples in the near
future

« Many thanks to Zach Marshall for helping crack the metadata access process!

Example query for accessing the atlasopenmagic:
>>> gtom.get_metadata('301000")
{
‘physics_short': '‘PowhegPythia8EvtGen AZNLOCTEQ6L1 DYee 120M180',
'cross_section_pb': 17.477,
‘genFiltEff": 1.0,
'nEvents': 4890000,
‘generator'; 'Powheg+Pythia8+EvtGen',
'‘CoMEnergy': 13000.0

}
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https://opendata.atlas.cern/docs/data/atlasopenmagic

« Executed with Rivet v4.1.0 using Powheg + Pythia8 OpenData samples
« All YODA outputs merged using rivet-merge, to be corrected with mass slices*

Preliminary CMS Rivet | e _
R lts (DY Wt eta- ) Cross-section normalization pipeline currently being automated
tsu pu, « In the process of integrating the metadata-based scaling; | 2= K ractor™ €rier

Twi

 Implementation ongoing as part of the normalization workflow.
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Preliminary ATLAS 2025 Ditau (t*1t") Rivet Results

 Executed with Rivet v4.1.1 using Powheg + Pythia8 = W e o
OpenData samples d | T
& 1P | OpenData .
» Cross-section normalization pipeline still under development ,: = — e
« Measurement covers high-mass Drell-Yan region (no low- i b T
mass Z — 1t peak) . _'f_ +++

Current normalization mismatch likely due to ol
— missing filter-efficiency correction or
— incomplete YODA merging procedure 0

Referencing from ATLAS OpenData:

“Samples in dilepton final states with mtf = 10-40 GeV
provided separately (“Drell-Yan production”); below 10 GeV s} :
100 00 30 &0 S0l 0 | = 635

not available due to resonance structure. - i,
For diboson production, Sherpa samples are recommended

(separated by lepton multiplicity and VBS channels).”

M/ Data
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https://opendata.atlas.cern/docs/data/for_research/evgen_collections

MCPlots Integration

Aim: Preserve Rivet analysis outputs within the MCPlots database

Ensures public accessibility and long-term reproducibility of SM predictions
Ongoing feedback process with the MCPlots team to align output formats and metadata
Will supply required samples once validation and normalization are finalized

Plan to maintain this workflow including Contur for possible BSM updates

Homepage
About ‘/‘/ \‘\‘ LHC@home
Plots Comparison
N ' N\ MCPlots guide
¥ AW Tunes Generators
Processes  |Analyses versions

) ATLAS 2012 11183818
ttbar z+]et\ &cms 2017 11605749 l

inclusive W jets

> Where we focus!
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https://mcplots.cern.ch/?query=about&info=uguide

WORK IN
PROGRESS

Future Aspects

* Develop a consistent cross-section normalization scheme across different
generators (Pythia, Sherpa, etc.)

* Filter and simplify metadata variables for clearer use in the working
environment

* Trying Sherpa samples for DY processes from metadata as suggested
 Achieve better agreement with Contur and MCPlots frameworks

* Include and store final predictions (with uncertainties) from OpenData or
elsewhere as HEPData theory records

 Extend studies to additional SM calculations and OpenData samples
 Continue refining workflows, and enjoy the process along the way ©
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