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ALICE
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Source : Wikipedia LHC
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ALICE
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Quark-Gluon Plasma (QGP)
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Ordinary matter

QGP

QGP lifespanlab : ~10-23s

Instrument minimal temporal 
resolution : ~10-12s

Source : Wikipedia Big Bang

Source : ALICE sketches
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QGP study
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Our analysis
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Analysis strategy
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cτ=123,01μm

cτ several 
meters

cτ several 
meters

Reconstructed D± 

candidates

Selection made with or 
without Machine Learning

Selected D± candidates

Data extracted from 
this triplet of tracks

//



A Large Ion Collider Experiment

ANALYSIS – WorkFlow
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ANALYSIS – WorkFlow
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Monte Carlo 

simulation of 

Data
Beauty enriched 

+ forced decay 

channel

x

O2Physics

Trained Machine 
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C++ ROOT macro 

preparation of 

DATA

Pyroot macro, 

invariant mass 
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ratio prompt non 

prompt D±
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ANALYSIS –                Decision Tree
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+
ANALYSIS – Boosted Decision Trees
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Analysis – Selection parameters
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Topological variables

PID variables

Pearson 

correlation

coefficient
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ANALYSIS – Machine Learning
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Selected D±

Reconstructed D±

Monte Carlo Data 
tagged background, prompt and non-

prompt candidates

70% 30%
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BDT model + threshold
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ANALYSIS – BDT based selections

Invariant mass 
distribution of the 
selected particles 

obtained with a BDT 
threshold of 0,1

Invariant mass 
distribution of the 
selected particles 

obtained with a BDT 
threshold of 0,9

BDT score > 0,1

Classification = 
regression + threshold
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BDT score > 0,9
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ANALYSIS – Yield Extraction
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Number of non-prompt D+ in our 
reconstructed particles obtained with 

looking into Monte Carlo truth
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Monte Carlo 

truth not known

Monte Carlo 
truth known

Signal PDF : Gaussian

Background PDF : negative exponential

Extracted raw yield = integration of Signal PDF
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Without Machine Learning With Machine Learning

MAIN RESULTS
Mean number of reconstructed D± in proton-proton collision 

and mean number of non-prompt D± 
At the bottom is the non-prompt fraction
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PERSPECTIVES
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Perform the reconstruction of non-prompt 
D± in Pb-Pb
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PERSPECTIVES
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Perform a full topological reconstruction of 
B0 meson in both pp and Pb-Pb collisions.
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PERSPECTIVES
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Data-driven studies of tracking 

efficiency with charm-hadron tag-and-
probe method

CERN Summer Student program 2024
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Hipe4ML
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Invariant mass calculation
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ROC curve
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