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REINTERPRETATION APPLICATIONS



Outline of Presentation
❖ Introduction to Package Philosophy and Operation

❖ Introduction of Case Study: ATLAS 3rd Gen Vectorlike Leptons

❖ Structure of AEACuS Card for Analysis Replication

❖ Structure of RHADAManTHUS Card for Plot Generation

❖ Structure of MINoS Card for BDT Machine Learning

❖ ReInterpretation of Results as applied to a SUSY Model
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Unified Work Flow
❖ MadGraph (+ Others): Matrix Element Generation

❖ MadEvent (+ Others): Hard Scattering Simulation

❖ Pythia (+ Others): Showering and Hadronization

❖ DELPHES: Detector Simulation                                                    
(DEtector Level PHysics Emulation System)

❖ AEACUS: Statistics Computation & Cut Selection

❖ RHADAMANTHUS: Graphical Event Analysis

❖ MINOS: Machine Learning on Features
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Package Notes
❖ AEACUS, RHADAMANTHUS, & MINOS are Perl & Python

❖ All Perl scripts are self contained - no libraries or installation

❖ RHADAMANTHUS calls MatPlotLib & Numpy

❖ MINOS calls XGBoost, MPL & Numpy

❖ Control is provided by simple reusable card files

❖ Code Here:  https://github.com/joelwwalker/AEACuS

❖ Quick Start + Video Here:  https://pos.sissa.it/409/027/pdf
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AEACUS
(Algorithm Event Arbiter and Cut Selector)
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❖ It is important to separate WHAT from HOW

❖ It is important to document UNAMBIGOUSLY

❖ It is important to streamline REPRODUCTION

Guiding Principles:



AEACUS (Goals)
❖ Automate model recast comparison against LHC data

❖ Facilitate most current search strategies for new physics

❖ Embody lightweight, consumer-level, standalone design

❖ Decouple specific usage from general functionality

❖ Render event cut strategies compactly & unambiguously

❖ Merge power & flexibility with uniformity & simplicity

❖ Decouple phenomenology from software maintenance
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AEACUS (Function)
❖ Converts Delphes Root file to a lightweight extended LHCO format

❖ ANY information in the Delphes Root File (including substructure variables and 
fat-jet information) can be read and processed by AEACuS

❖ Event-by-event weights are read and handled consistently throughout

❖ Filters kinematics, geometry, isolation & overlap, charge & flavor

❖ Dilepton pair assembly (by like/unlike charge & flavor)

❖ Jet (Re)clustering (KT, C/A, Anti-KT) & Hemispheres (Lund, etc.), along with 
common substructure variables and extraction of jet constituents

❖ Missing ET, scalar HT, effective & invariant mass, ratios & products

❖ Transverse mass, 1- & 2-step asymmetric MT2 (with combinatorics), Tri-jet mass, 𝛼T, 
Razor & 𝛼R, Dilepton Z-balance, Lepton W-projection, ∆φ (& biased ∆φ*), Shape 
Variables (thrust & minor, spheri[o]city, F), Girth, + MORE

❖ Arbitrary user-described combinations of observables plus external function calls
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Language Vs. Framework
AEACuS is BOTH and it is FACTORIZABLE

❖ The AEACuS meta language is an ideal mechanism for large experiments 
(CMS/ATLAS) & small phenomenology groups to unambiguously 
propagate an approximate rendering of internal event selection strategies

❖ The AEACuS software tool is an ideal agent for the rapid and uniform 
projection of sophisticated event cut workflows onto new physics models
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LHC Case Study Example
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This study has several features 
which make it a good example for 
demonstrating the software tools:

❖ Large number of observables
❖ Orthogonal final state channels
❖ S/B separation using a BDT



Signal Region Selections
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Catalog of Observables
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Card: Object Reconstruction
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Card: Object Hierarchies
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Card: Observables
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Card: Signal Regions
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BG Simulation
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❖ We simulate MC data with MadGraph/MadEvent, Pythia8, Delphes

❖ Our purpose is demonstration of the tools … Several Caveats:

❖ We generate just 3 leading SM backgrounds: TTbar, WZ, ZZ

❖ BGs are +1 inclusive jet, LO only, without k-factor correction

❖ Fake rates are substantially under-modeled here



Signal ReInterpretation

AEACUS, RHADAMANTHUS, & MINOS • RIF-CERN • Dec 12-15, 2022 • Joel W. Walker • SHSU

❖ We select a SUSY signal model matching targeted leptonic final states

❖ The model is picked for tool demonstration (not necessarily physics)

❖ Initial state is stau / tau-sneutrino pair production (500 GeV)

❖ Decays cascade through chargino-1 / neutralino-2 (400 GeV)

❖ … as well as sleptons / lepton sneutrinos (200 GeV)

❖ … and terminate with neutralino-1 (100 GeV)

❖ Cross sections are rescaled by ( 10–2  — 10–5 ) to hit edge of visibility



AEACUS Output

❖ Running on a MC sample => tables reporting requested statistics & cut fractions
❖ It is often convenient to make limited cuts at the lowest level, and just compute
❖ Names such as “JET_001” have no invariant meaning - they are defined in a card_file
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RHADAMANTHUS
(Recursively Heuristic Analysis, Display, And MANipulation:

The Histogram Utility Suite)
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❖ RHADAManTHUS plots observables computed by AEACuS

❖ It correctly combines distinct / over-sampled MC by cross section

❖ It generates 1- and 2-dimensional plots with per-event weighting

❖ Event selections and functional transformations are made easy

❖ We will validate the analysis with a few example plots

❖ Expect variations from k-factors, statistics, and shortcuts, etc.



Plot Card Example
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Sample Plot Comparison
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Another Plot Comparison
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MINOS
(Machine Intelligent Optimization of Significance)
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❖ MInOS automates BDT Machine Learning in a Collider Context

❖ It reads event features computed by AEACuS

❖ It correctly combines distinct / over-sampled MC by cross section

❖ It trains for optimal Signal/BG discrimination (XGBoost backend)

❖ It generates density, significance, feature importance, & ROC plots 
(MatPlotLib backend) from validation data (1/3 by default)

❖ It lets Pheno Projects skip overhead & get answers QUICKLY

❖ We will reinterpret the ATLAS analysis with an example training



Why BDTs for Physics?
❖ Binary classification problems (Signal vs. Background) are common

❖ We want to maximize discrimination power

❖ We want to eliminate bias and work efficiently

❖ We want to incorporate domain knowledge & expertise

❖ We want to understand what the machine learning learned

BDTs balance POWER with TRANSPARENCY
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MInOS Card Example
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MInOS Output

❖ Signal & Background Probability Density Visualizes Separation
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MInOS Output

❖ The ROC curve is a standard metric of S/B separability

❖ A feature importance chart clarifies what is going on inside the BDT
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MInOS Output

❖ Survival fraction of S, B as a function of the classification threshold 
are used to show achievable significance (at specified luminosity)

❖ At the working point (~ red line) of the BDT (B = 3.7) we have 
Signal ~ 9-10, so this model benchmark would be ruled out
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AEACUS, RHADAMANTHUS & MINOS

❖ The joint package is now ready to use, available at GitHub

❖ https://github.com/joelwwalker/AEACuS

❖ Please contact author directly: jwalker@shsu.edu

❖ If you are interested in teaming up, borrowing features, building 
an analysis library, or doing validations, please Let Me Know!
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https://github.com/joelwwalker/AEACuS


Thank You!
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