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Study of open beauty production
with the ALICE detector at LHC

Particles: B  , D  , π  ,  π  , K   ,  ⁰ ⁻ ⁺ ⁻ ⁺ cτ  ≈  ? μm,  BR = ? %
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D⁻   π⁺

  π⁻   π⁻

K⁺
From fits to

invariant mass spectra

Corrections for reconstruction 
and selection efficiency

B⁰ → D⁻ π⁺ [2 prong decay]     &      D⁻ → π⁻ K⁺ π⁻ [3 prong decay] 
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I -  Introduction (physics motivations, ALICE, ...)

II -  Heavy Flavour Triggers

III -  B⁰ meson analysis in pp collisions

IV -  Other activities

1. Trainings

2. Lectures

3. Scientific communication
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4/34I - Introduction

● Heavy flavour physics

● ALICE 2 (a new experiment!)
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● Determine the properties of

Quark Gluon Plasma (QGP)

● Heavy Flavours (HF) of quarks:
charm (c) and beauty (b)

 Produced during hard processes,
before formation of QGP

 Unique access to interactions in QGP

Thermalization and hadronization in medium

In-medium energy losses and their mass 
dependence

● HF in pp collisions [system studied for this thesis]:

 important test of perturbative QCD

 necessary reference for p-A and A-A results

QGP

hadronic 
matter

High-energy
heavy-ion collisions

Collision products

probes

ALICE (heavy flavour) physics

https://cds.cern.ch/record/2026889?ln=fr
https://cds.cern.ch/record/2724925?ln=en
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6/34ALICE 2 detector

Time Projection 
Chamber (TPC):
● Tracking
● PID via dE/dx

Time Of Flight (TOF):
● PID via time-of-flight 

measurements

Inner Tracking System (ITS):
● Primary and secondary 

vertices reconstruction
● Tracking

Fast Interaction 
Trigger (FIT):
● Luminosity
● Collision time and 

position

UPGRADED

UPGRADED

UPGRADED

https://cds.cern.ch/record/2263642?ln=en
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7/34ALICE 2 (LHC Runs 3&4 – 2022→ 2032)

Heavy Flavour triggers

Software development
& Analysis

● Studying processes that are not 
“triggerable”

● Record O(x100) more collisions 
than before

● Store O(x100) more events → need 
to filter (disk space limitation)
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8/34II – Heavy Flavour Triggers (pp collisions)

● Run 3 processing scheme

● Strategy and BDT-based selection

● Goal: reach 10⁻⁴ selectivity

https://indico.cern.ch/event/1161910/contributions/4882348/attachments/2484887/4266391/220725-mpuccio-APW.pdf
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9/34Run3 processing scheme in pp collisions

(FLP) First Level Processors
(EPN) Event Processing Nodes (8GPUs, 64 CPUs)

All statistics are 
temporarily stored

Filter interesting events 
according to dedicated 

triggers

Only selected events 
are permanently stored

Investigation of huge MB statistics
200 pb⁻¹ in Runs 3-4

(ALICE Run2 MB statistics: 32 nb⁻¹)

+ Flag data for analysis
*feature not available yet*

https://cds.cern.ch/record/2772030/


A Large Ion Collider Experiment

Mid-term Defence, 28.06.23, A.BIGOT

10/34Strategy - BDT-based selection

BDT allows to tag prompt D, non-prompt D, and 
combinatorial background candidates

Save triggered data

Prompt = from primary vertex
Non-prompt = feed-down
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11/34Invariant mass distributions

D⁺ in real data (1.7G events) B⁰ in MC B forced (5M events)

● Triggers offer already good performance/selectivity but are still work in progress

 e.g. flags not available yet

● D⁺ peak already visible
with filtering only (!)

● B⁰ peak:

 Observable in MC

 Yet unseen
in real data
→ need more 
selections

Width x2 compared to Run2
(TPC space charge distortion)

pT ∈ [0,50] GeV/c

MC

Real data
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12/34

μ, σ obtained by fitting signal curve in MC σ → 2σ to take 
into account 
miscalibration

hypothesis

Is B⁰ observable in 2022 pp data?

http://www.lpthe.jussieu.fr/~cacciari/fonll/fonllform.html
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13/34III – B⁰ analysis (… D⁺ analysis)

Particles: B  , D  , π  ,  π  , K   ,  ⁰ ⁻ ⁺ ⁻ ⁺ cτ  ≈  ? μm,  BR = ? %

B  ⁰
y  

x  0  

D⁻   π⁺

456 μm

309 μm
  π⁻   π⁻

K⁺

B  ⁰

D⁺  π⁻

  π⁺   π⁺

K⁻

“ D” vertex (BR ~ 9.38%)

“ B” vertex (BR ~ 2.51‰)
Primary vertex y  

x  0  

7.8 m
  3.7 m
𝛰 (cτ)

  7.8 m

Decay channel 
reconstructed fully 
topologically:

● Reconstruct (non-prompt) D⁺ 
candidate first

● Associate D⁺ candidate with 
a π⁻ to build B⁰ candidate

● D mesons:

 Non-prompt natural fraction: only 5-10% of total production

 similar decay topologies between prompt and non-prompt

● B mesons:

 rare signal

 impossible to see by ALICE in Runs 1&2 data → require higher integrated luminosity (Runs 3&4)

BDT selection
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14/34B⁰→ (D⁻ → π⁻K⁺π⁻)π⁺ workflow

Track skimming D  candidate creator⁺ D  candidate selector⁺ D  analysis task⁺D  candidate selector⁺

Flag πKπ triplets with loose  preselections Reconstruct secondary vertex and create  candidate
Apply selections on kinetmatics, topological variables,  PID Fill histograms with  candidates information

B  candidate creator⁰ B  candidate selector⁰ B  analysis task⁰

D⁺ workflow

● B⁰ analysis requires to first go through D⁺ workflow

● Work in progress:

 Implement Machine Learning inference in O²Physics

 Train BDT models to select non-prompt D⁺

Particles: B  , D  , π  ,  π  , K   ,  
⁰

⁻
⁺

⁻
⁺ cτ  ≈  ? μm,  

BR = ? %

B  ⁰

D⁻

  π⁺

  π⁻   π⁻

K⁺

Personal contribution to software development
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15/34First results on MC data (~5M events)

● pT integrated ([0, 24] GeV/c)

● Loose selections on B⁰

● A bit tighter selection on D⁺

● Need to improve selections

 Use BDT in D⁺ selector

MC

Work in progress



A Large Ion Collider Experiment

Mid-term Defence, 28.06.23, A.BIGOT

16/34BDT-based selection for D⁺
● Train one BDT model for each pT bin [0, 2, 4, 6, 10, 36] GeV/c

● More training variables than for HF triggers (9 → 17)

Work in progress
Need to apply tighter preselections
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17/34BDT output
Bkg score Prompt score Non-prompt score

(truth) labels ≠ class (prediction) 

● Good separation between signal and background (AUC > 98%)

● Good separation between prompt and non-prompt 
contributions (AUC > 89%)

Classification = regression + threshold Where to cut?
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18/34Working point optimization

Motivation: non-prompt fraction > 60% & preserve efficiency

BDT non-prompt ε Total non-prompt ε Non-prompt fraction

0.68

0.2
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19/34Software developments in O²(Physics)

● B⁰ workflow:

 Candidate creator

 Candidate selector 

 Analysis task

● Contributions to D⁺ selector

● Responsible for workflow splitting in my Heavy Flavour analysis group
(see backup)

https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/candidateCreatorB0.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/candidateSelectorB0ToDPi.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/D2H/Tasks/taskB0.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/D2H/DataModel/ReducedDataModel.h
https://fr.depositphotos.com/stock-photos/d%C3%A9veloppeur.html
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20/34IV.1 - Trainings 
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21/34IV.2 - Teaching

● 2021-2022:[24h] Mécanique classique (L1 SV)

[32.5h] Méthodes mathématiques pour la physique (L1 PSI)

[8h] Accompagnement du projet de l’étudiant (L1 PSI)
● 2022-2023:

[10h] Pré-rentrée M2PSA

[32.5h] Méthodes mathématiques pour la physique (L1 PSI)

[24h] Physique expérimentale (L1)
● Creation of M2PSA Pre-entry (with Nicolas DARI-BAKO)

 3 days just before the start of M2PSA [~20h in total]

 Nuclear & Particle Physics recap, lectures and exercises 
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22/34IV.3 - Scientific communication

● Présentation orale:

 Cluster shape analysis and strangeness tracking for the ALICE upgrade 

 Journées de Rencontre des Jeunes Chercheurs 2021, La Rochelle 17-23 
octobre 2021

● Proceeding lié à la présentation aux Journées de Rencontre des Jeunes 
Chercheurs 2021

● Présentation orale:

 Cluster shape analysis and strangeness tracking for the ALICE upgrade

 Rencontres QGP France 2022, Tours 2-5 mai 2022
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23/34Conclusions

● LHC is ~1year late data wise

● TPC space charge calibration delay 
→ impact on thesis

● Progress made in
software development

● Thesis manuscript written @50%
HOWEVER

● 2 spare months for thesis?

 Thesis will already be extended of 28 days
(duration of paternity leave)

D  raw⁺ B  ⁰raw, correctedNon-prompt D  ⁺corrected Scenario n°1 D  raw ⁺[Run3 pp collisions]

Scenario n°2 D  raw⁺
Non-prompt D  ⁺corrected D  raw ⁺[Run2 p-Pb collisions]

D  raw⁺ B  ⁰in MC (BDT)Non-prompt D  ⁺corrected D  raw ⁺[Run3 pp collisions] B  ⁰raw ? ...
publication

publication?
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THANK YOU !
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26/34LHC schedule

http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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28/34Triggers
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29/34B⁰ invariant mass in real data (1.7G events)

Obtained with HF filter
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30/34BDT models for D⁺ selection

● Training

 Signal (Prompt & Non-prompt):

LHC22b1a (b enriched)

LHC22b1b (c enriched)
 Background:

LHC23o_pass4_small
● pT ∈ [0, 2, 4, 6, 10, 36] GeV/c

Training samples 
obtained via 
D  tree creator

⁺

D  candidate preselection ⁺ (skimming)
Background

Prompt
Non-prompt

Rejected
D  task⁺

B  analysis ⁰D  task⁺
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31/34BDT strategy
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32/34Training variables for D⁺/B⁰ BDT

Work in progress

Next step
(not initiated yet/not final)
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33/34Acc x efficiency
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34/34Workflow splitting

Track skimming D  candidate creator⁺ D  candidate selector⁺ D  analysis task⁺D  candidate selector⁺

B  candidate creator⁰ B  candidate selector⁰ B  analysis task⁰

Save selected D  candidates ⁺in a dedicated file AOD.root
Prefix (D  workflow)⁺

B   ⁰ only   workflow
AOD.root as  only input

https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/D2H/TableProducer/candidateCreatorB0Reduced.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/D2H/TableProducer/candidateSelectorB0ToDPiReduced.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/D2H/Tasks/taskB0Reduced.cxx
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