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Motivation and Outline

e The community of HEP Julia users is growing up I'___I-. _>/\

e |tis nice to have the set of standard tools to: DISTRIBUTIONS PDF MODELS

o Perform physics analysis
o Teach new generation of physicists

NumericalDistributions.jl
DistributionsHEP.jl
HighEnergyTools.jl

Examples of usage:

o Data analysis courses by RUB
o Physics analysis
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NumericalDistributions.jl ©

e Define continuous univariate distributions from arbitrary numeric PDFs
e Automatic normalization

e Implements the Distributions.jl () API (pdf, cdf, rand, etc.)

e Efficient inverse CDF sampling using binned interpolation

e Support for bounded, semi-infinite, and infinite domains

e Numerical convolution using Fast Fourier Transformation
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https://github.com/mmikhasenko/NumericalDistributions.jl
https://github.com/JuliaStats/Distributions.jl
https://github.com/mmikhasenko/NumericalDistributions.jl
https://github.com/JuliaStats/Distributions.jl

DistributionsHEP.jI®

e Extension of Distributions.jl() with HEP-specific models
e Collection of distributions with closed-form expressions

e Supports:
o Models: CrystalBall, DoubleCrystalBall, Chebyshev, ArgusBG  (Thanks to Pere Mato !)
o Any distributions requiring numerical integration
can be wrapped with NumericalDistributions. |l O
o Integration method is defined by integral(..) dispatch

e Intended as drop-in models for HEP analysis
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https://github.com/JuliaHEP/DistributionsHEP.jl
https://github.com/JuliaStats/Distributions.jl
https://github.com/mmikhasenko/NumericalDistributions.jl
https://github.com/JuliaHEP/DistributionsHEP.jl
https://github.com/JuliaStats/Distributions.jl
https://github.com/mmikhasenko/NumericalDistributions.jl

HighEnergyTools.jl [WIP] &

e Toolbox for high-energy physics data analysis in Julia
e Bridges numerical and analytic distribution models
e Designed for education and research

e Important implementations:
o models.jl: physics-motivated models
o fitting.jl: unbinned log likelihood fitters + binned %2 coming
o sweights.jl: sPlot implementation

e Helpers for fits (unbinned and ), sampling, plotting
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https://github.com/RUB-EP1/HighEnergyTools.jl/tree/main
https://github.com/RUB-EP1/HighEnergyTools.jl/tree/main

HighEnergyTools.jl: new catalogue of models

e Library of typical HEP models:

o  Signal: Gaussian, Breit-Wigner, Crystal Ball, Voigt, etc.
o Background: exponential, polynomial, threshold shapes

e Composable into combined models for fits
e Compatible with Distributions.jl and NumericalDistributions.||
e Use case: Simplifies setup of realistic data models for analysis/fits

e Custom models:
o Anka: a single signal component
and a Chebyshev polynomial background
o Frida: two truncated normal signal components
and a Chebyshev polynomial background
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sPlot technique in Julia

e Implements the sPlot technique for background subtraction

e Features:
o Requires only mixture model
o  Any number of components
o Fitting and plotting methods
o More dimensions are coming

e Produces sWeights for per event weights

e All implemented in pure Julia — lightweight and transparent.
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https://arxiv.org/pdf/physics/0402083

Data Analysis course at the Ruhr-University Bochum ©

e 2024 Winter Semester course introducing statistical analysis in HEP using Julia
e Project with examples for exercise sessions ()

e Promotes open-source and reproducible science in HEP

e Outcome: All the material was restructured into open source Julia packages
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https://github.com/RUB-EP1/ExercisesDataAnalysisWS2425
https://github.com/RUB-EP1/ExercisesDataAnalysisWS2425

X2VV. jl (internal physics analysis)

Package for angular analysis of double vector meson systems
Physics interest: glueball candidates, T___. tetraquark studies
Purely Julia package

Uses HighEnergyTools.jl and NumericalDistributions. ||

Also uses: FourVectors.jl() and DecayAngles.jl()
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https://github.com/mmikhasenko/FourVectors.jl
https://github.com/mmikhasenko/DecayAngles.jl

Block course on Statistics & ML incico)
e Two-weeks-long workshop for HEP students (everybody)
e Jointly organized by RUB and TU Dortmund
e Realistic HEP datasets, modern tooling, reproducible workflows
e Julia exercise sessions with focus on Machine Learning
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https://indico.global/event/14058/

Block course on Statistics & ML indico)

Honored mentioning:
1. AD computation trees (D3Trees+Symbolics.jl)
2. DecisionTrees.jl (Bagging+AdaBoost) + GB with XGBoost.||

3. B decays, MNIST training using DNN in Flux.jl

4. Normalizing Flow using Lux.jl+Reactant.jl
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Bagging
Resampling. Diversifying
Example

* n_trees =30

* max_depth

« partial_sampling = 0.7

* n_subfeatures = 2
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Summary and next steps

e Julia offers a growing ecosystem for HEP analysis:
o NumericalDistributions.jl: numeric PDFs and sampling
o DistributionsHEP.jl: HEP-specific composite models
o HighEnergyTools.jl: sPlot, physics models, sampling, fitting, plotting

Next Plans:
e Extend multivariate capabilities
e Increase synergy between packages
e Tear HighEnergyTools.jl apart
e Promote adoption in HEP teaching and experimental workflows

Thank you for the attention !
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