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Physikalisches Institut, Universität Heidelberg 

12.11.2025

Introduction to the ML workflow  
in DQ framework

O2 Analysis Tutorial 5.0 
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• ML workflow in DQ framework
• Dielectron analysis [Link]
• MFT-Muon matching [Link]

• ML workflow of dielectron analysis (focus of this talk)
• BDT configuration is fully handled through JSON [example]

• BDT class, centrality & pT binning, BDT selection, input features, onnx models…
• Support Binary (signal/background) and MultiClass (prompt/nonprompt/background)
• Support Centrality and pT dependent BDT selections

• Follows a similar JSON structure to the cut/histogram
• Input features are defined based on DielectronsAll [See] 

• Welcome to extend the feature list as needed!

Overview

https://github.com/AliceO2Group/O2Physics/commit/2c6afcbf085027cea4aca476b6b04ac4daa7cff0
https://github.com/AliceO2Group/O2Physics/pull/13048
https://github.com/AliceO2Group/O2Physics/blob/master/PWGDQ/Macros/bdtCut.json
https://github.com/AliceO2Group/O2Physics/blob/master/PWGDQ/Core/DQMlResponse.h
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ML workflow in DQ framework
Data preparation

Training with PythonData 

MC 
MC 

Training Application

🌲 DielectronsAll

🌲

🌲

Convert to ONNX

Data 

Results Model 

🤖
tableMaker(MC)

tableMaker(MC)_withAssoc

dqEfficiency
dqEfficiency_withAssoc

tableReader
tableReader_withAssoc

⚙

General info & details in F. Mazzaschi talk 

Data 
Data 

Data 

 ML inference  

https://indico.cern.ch/event/1574136/contributions/6755147/attachments/3171274/5638009/o2at_5_ml.pdf
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ML workflow in DQ framework

Training with Python

Training Application

Convert to ONNX

Results Model 

🤖

⚙

General info & details in F. Mazzaschi talk 

Data 
Data 

Data 

 ML inference  

Data preparation

Data 

MC 
MC 

🌲 DielectronsAll

🌲

🌲

Data 

tableMaker(MC)
tableMaker(MC)_withAssoc

dqEfficiency
dqEfficiency_withAssoc

tableReader
tableReader_withAssoc

https://indico.cern.ch/event/1574136/contributions/6755147/attachments/3171274/5638009/o2at_5_ml.pdf
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Data preparation
• Do the same work as your normal DQ analysis

Apply looser selections than your selections

Define MC signals

Enable the DielectronsAll table
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ML workflow in DQ framework
Data preparation

Data 

MC 
MC 

Application

Data 

Results 
tableMaker(MC)

tableMaker(MC)_withAssoc

dqEfficiency
dqEfficiency_withAssoc

tableReader
tableReader_withAssoc

⚙

General info & details in F. Mazzaschi talk 

Data 
Data 

Data 

 ML inference  Training with Python

Training

🌲 DielectronsAll

🌲

🌲

Convert to ONNX

Model 

🤖

https://indico.cern.ch/event/1574136/contributions/6755147/attachments/3171274/5638009/o2at_5_ml.pdf
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Model training
•🌟 Machine Learning: ML Tutorial (14 Nov)

• For details on using hipe4ML, follow the ML tutorial on Friday

• If you don’t have a sketch, start from this [Link]
• Optimised for DQ analysis

• Train one model per centrality and pT bin

• Determine BDT threshold using pseudo-significance (binary_classification_example.py)
• Export model to ONNX
• Generate the JSON configuration for the hyperloop and local run

https://github.com/JinjooSeo/MLforDQ
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• How do we determine the BDT threshold?
• Reject the background, keep the signal, not too low efficiency…

BDT threshold determination
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BDT threshold determination
• How do we determine the BDT cut?

• Reject the background, keep the signal, not too low efficiency…

➡Pseudo-significance

Sexpected =
d2σ

dpTdy
⋅ (Acc × ϵ) ⋅ ΔpT ⋅ Δy ⋅ BR ⋅ Lint

PseudoSignificance =
Sexpected

Sexpected + BSR
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Export model to ONNX
• Export model to ONNX

• Feature names need to be converted (f → k) to match DQ input features

🌲 DielectronsAll
💻 DQMlResonse.h



2.5
−

2−
1.5
−

1−
0.5
−

0
0.5

1
1.5

2
2.5

2.5
−

2−

1.5
−

1−

0.5
−

0

0.5 1

1.5 2

2.5

|< 0.5
η| 〉

η
/d

ch
Nd

〈

10

INEL>0
pp)π) / (h/π(h/

0.5 1

1.5 2
s
s

s

s
s u

d
s u

u
u d

Jinjoo Seo 12 NOV 2025 11

• cent: centrality estimator determination
• kCentFT0C / kCentFT0A / kCentFT0M

• AddCentCut: centrality cut
• centMin: minimum centrality
• centMax: maximum centrality
• AddPtCut: Pt cut  

defined inside each centrality block
• pTMin: minimum Pt
• pTMax: maximum Pt
• var: 

• kBdtBackground / kBdtPrompt / 
kBdtNonprompt

• cut: bdt threshold
• exclude: false/true

• false: keep candidates with score > cut
• true: keep candidates with score < cut

• type: Binary / MultiClass
• title: title of ML configuration
• inputFeatures: input features
• modelFiles: onnx file name 

JSON format

Model files and cut arrays must be in 1:1 and in the same order
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• Generate the JSON for the hyperloop and local run

JSON string

JSON file

JSON format
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ML workflow in DQ framework
Data preparation

Training with PythonData 

MC 
MC 

Training

🌲 DielectronsAll

🌲

🌲

Convert to ONNX

Data 

tableMaker(MC)
tableMaker(MC)_withAssoc

dqEfficiency
dqEfficiency_withAssoc

tableReader
tableReader_withAssoc

General info & details in F. Mazzaschi talk 

Application

Results Model 

🤖

⚙

Data 
Data 

Data 

 ML inference  

https://indico.cern.ch/event/1574136/contributions/6755147/attachments/3171274/5638009/o2at_5_ml.pdf
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Configure BDT analysis
• Upload ONNX to CCDB [Link]
• Adjust the configuration of the wagon

path and ONNX in 1:1 and in the same order

https://alimonitor.cern.ch/ccdb/upload.jsp
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tableReader(_withAssoc).cxx
• ML inference can be configurable 

• Load BDT configurations from the JSON file

Binary classification

Multi classification
Load the ONNX model and  

BDT threshold from the JSON
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Feature extraction

Retrieve output scores 
ML inference

tableReader(_withAssoc).cxx
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AnalysisResults.root

✨Get histograms after the BDT selections!
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Summary

• ML in the DQ framework is ready to be used!
• BDT configuration is fully done via JSON

• Support Binary (signal/background) and MultiClass (prompt/nonprompt/background)
• Support Centrality and pT dependent BDT selections

• Try it out and give feedback!
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Back up


