Introductory HEP Data Analysis in R
1. Lab plan
General learning outcomes: By the end of the module, students should be able to import and inspect a simple HEP-style dataset in R, make histograms of key observables, compare signal and background samples, estimate approximate significance, and interpret results.
Getting started with R and HEP datasets
Learning focus: Students become familiar with R syntax and the structure of event-level data.
Load signal and background datasets
Inspect variables with head(), summary(), and str()
Compute basic descriptive statistics
Identify likely discriminating observables
Suggested deliverable: Short worksheet or notebook showing successful import and variable summary.
Histograms and basic physics distributions
Learning focus: Students visualize important observables and learn how distributions encode physical behavior.
Plot histograms of pT, MET, jet multiplicity, and invariant mass
Compare raw and normalized histograms
Comment on peaks, tails, and ranges
Suggested deliverable: A page of plots with brief interpretation.
Signal versus background comparison
Learning focus: Students learn the core HEP analysis logic of separating signal from background.
Overlay signal and background histograms
Compare at least five observables
Rank variables by discriminating power
Comparison plots plus a short note on the best variables.
Prepare a short report or slide deck
Suggested deliverable: Final 3-5 slide presentation or 2-3 page report.
2. Course assignment sheet
Assignment title
Signal and Background Analysis of a sample HEP Dataset Using R
Assignment brief
In this assignment, students analyze a simplified high-energy physics dataset using R. They work with separate signal and background samples. The purpose is to understand the foundations of HEP data analysis through visualization, event selection, and simple performance measures.
Background
In collider physics, measured events may come either from a process of interest (signal) or from competing processes (background). A central task in HEP analysis is to identify observables and selection criteria that enhance signal relative to background.
Data provided
One signal dataset, one background dataset, and a short variable-description sheet. Typical variables may include pT, eta, phi, MET, jet multiplicity, and invariant mass.
Required tasks and outputs
	Part
	Student task
	Required output

	A. Data import and inspection
	Load signal and background datasets; inspect structure; report event count, variable count, and key observables.
	Short dataset summary.

	B. Visualization
	Plot histograms for at least four observables with readable labels, titles, and units where relevant.
	At least four histograms plus brief interpretation.

	C. Signal-background comparison
	Compare signal and background for at least five observables and identify the most useful discriminating variables.
	Comparison plots with short discussion.

	D. Final interpretation
	Explain which observables and cuts worked best, where trade-offs occurred, and how the analysis could be improved.
	Conclusion of about 300-500 words.


Submission format: Students should submit one R script or R Markdown file, plots in embedded or exported form, and a short report of 2-3 pages or an equivalent slide deck.

