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Boosted Decision Trees redesign 
for oscillation pipeline and beyond 

A brief introduction to my PhD project and current status…
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https://km3net.ific.uv.es/


Physics Motivation

From oscillations to event classification
The NMO signature lives in the difference between track-like and shower-like 
events.

Three key tasks for ML
● Signal vs background: Separate atmospheric ν from the much larger 

atmospheric μ flux
● Track vs shower: Identify the interaction by event topology due to no 

flavor identification
● Event vs Noise: Discriminate events from natural noise 

Why this matters
Reconstruction errors, mis-IDs, and selection efficiency impact the analysis. 
Better classification → tighter NMO constraints.
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Introduction to KM3TPI
Idea Board:
● One repo to rule them all! 

○ Data converter 
○ Machine learning

● Agnostic approach (robust to changes)
● Modular design (km3tpi module)

○ preprocess (subpackage)
○ ml

● Snakemake compatible
○ Project maintained by one developer
○ User friendly for task delegation

● Environment handling
○ Conda
○ Singularity

● Testing & CI/CD

KM3net Tree-based Particle Identification
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KM3TPI - Preprocess

Split files from the chosen 
directory into sublists for chunk 
creation 
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Mapping of the file’s inner structure with 
uproot per tree (E,T) & possible extensions 5

KM3TPI - Preprocess



Stage 3 — Convert (per chunk)

● One fused dask graph: read → features → 
label → write

● Lazy by default, only the branches in the 
alias JSON ever touch disk

● Memory bounded per tree, not per chunk 
● One canonical Parquet per chunk 
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KM3TPI - Preprocess

Still active investigation to 
reduce the RAM request for 
each parallel job 
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KM3TPI - Preprocess
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KM3TPI - Snakemake Preprocess

Prepare = checkpoint: 
inspects data, then expands jobs 
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Selected archetype:
• MLProcessor: main entrypoint
• Trainer: training & optimisation

Design choices:
• Schema versioning (metadata)
• Split by file & row
• Optimisation with Optuna & callback 

failsafes
• Class balancing: weights & multiplicity
• Deracator based cuts 
• Monitoring with MLFlow

Introduction to KM3TPI - Machine Learning
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ML Snakemake Pipeline branch: features/ml-pipeline

Steps:
1. data processing (filtering, features, splits)
2. sample inspection (train) - new
3. hyper-parameter optimisation (on/off)
4. model final training/fitting
5. model evaluation 
6. diagnostic plot checks
7. dataset inference

Inference steps:
● Applied to parquet chunks 
● Create lightweight ROOT score tree - new

preproc

ml
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KM3TPI - Machine Learning
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KM3TPI - Machine Learning
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KM3TPI - Machine Learning

Evaluate the test and validation 
dataset on a set of chosen metics 
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KM3TPI - Machine Learning

Plots for a “visual” inspection of the 
performance for a requested split dataset
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ML Snakemake Pipeline - Check

Initial pass through checks with 
hands-on-session dataset 

Statistics (trigger level):
● Neutrinos: 18k
● Muons: 1M 

Sample balance ratio: ~ 1:60 

● Just a sanity check!
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ML Snakemake Pipeline - Check Training Sample
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ML Snakemake Pipeline - Evaluation YJ: TPR-FPR

Should implemented both 
weighted & the PDF here

Since no cut in direction, 
classifier learns from zenith 
angle under track hypothesisDirection related 

feature as well
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ML Snakemake Pipeline - Evaluation YJ: TPR-FPR



Summary & Next Steps
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Current status:
● Preprocessing Module v1
● Preprocessing Pipeline Rules
● ML Module v1 
● ML Pipeline Rules
● Documentation for both 
● Environment versioning (conda, pip)
● CI/CD & tests (cov: 71%)
● Demo notebooks 

Next Steps with high priority:
● Singularity container for full 

compatibility
● Continue pipeline testing
● Feature engineering & cut selection 

⏳
Not started 
Finalized

Active⏳
⏳



Summary & Next Steps

22

Long term objectives:
● Baseline classifier: track vs shower on 

νμ CC / νe CC
● First end-to-end run on full ORCA MC 

production
● Check extension to ARCA 
● Integrate it to existing collaboration 

workflows
● Integrate dedicated monitoring with 

MLflow
● First official checks with ORCA23/24 

mass production
● Extensive documentation for task 

delegation and usage for members 
not too familiar with Snakemake

Check out git repo & hands-on session…



Back-Up Slides
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Documentation

Check latest docs here
Chapters:
• Installation
• Preprocessing Layer
• ML Layer
• Examples
• API ref

To be continually updated with the 
latest tagged version pipeline job

Developer note
If the doc link is not working, check it via the 

project because it might have been 
transferred. 24

https://mchadolias.pages.km3net.de/km3tpi/


User Configuration - Preprocessing

25

● how to export works? 
● define folder path & classes 
● which trees to map & how?
● do I want to add new 

features?



User Configuration - Machine Learning
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Dataset & split strategy
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Preprocessing benchmarks on whole ORCA13

Successful execution the 
pipeline in work laptop in 
less than 5 minutes!
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Snakemake Guide

● Workflow management system

● Snakemake is designed such that:
○ Reproducibility is easily implemented
○ Scalable from laptop to HPC cluster 
○ Good practices with little effort 

(logging, benchmarks)

● Quick installation with conda/mamba
● Check more here for documentation & 

tutorials [1,2,3] 
● Most important file in a Snakemake 

workflow is the Snakefile
● A rule describes how to get one or more 

output files from input files
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https://snakemake.readthedocs.io/en/stable/
https://submit.mit.edu/submit-users-guide/tutorials/tutorial_7.html
https://nbisweden.github.io/workshop-reproducible-research/pages/snakemake.html


Snakemake Guide

• The user requests Snakemake to produce 
files via the command line

• The wildcards “sample” & “tree” has to 
be filled with a concrete value (in this 
example a data & T)

• A second request to produce the file is 
not executed since:
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Run Preprocess Notebook

Check the 
demo_processing.ipynb
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If you want to use a subset of the 
provided DSTs



Run Machine Learning Notebook
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If you want to use a subset of the 
files that you produced in the 
previous, define the ML_MANIFEST



ML Test with synthetic data
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● train/val/test datasets
● 16k events per set
● Class balance: 1:1
● 5 “features”:

○ “trks.lik_0"
○ "trks.E_0"
○ "trks.dir.z_0"
○ "n_hits" 
○ "n_trig_hits" 



Diagnostics
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Model Metadata


