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| - Introduction

ALICE

® Heavy flavour physics
® ALICE 2 (a new experiment!)

Mid-term Defence, 28.06.23, A.BIGOT



ALICE (heavy flavour) physics

® Determine the properties of
Quark Gluon Plasma (QGP)

® Heavy Flavours (HF) of quarks:

charm (c) and beauty (b)

¢ Produced during hard processes,

¢ Unique access to interactions in QGP

before formation of QGP
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——p» Collision products

¢ Thermalization and hadronization in medium
@ In-medium energy losses and their mass

dependence

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

L 2

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

important test of perturbative QCD

Expected significance (3c)
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https://cds.cern.ch/record/2026889?ln=fr
https://cds.cern.ch/record/2724925?ln=en

. Time Projection * Primary and secondary ALICE

: Chamber (TPC): . .
'« Tracking vertices reconstruction
» Tracking

.+ PID via dE/dx

ALICE 2 detector
Inner Tracking System ( ):

; »
“hogtl] o0

.‘/‘.

i Fast Interaction
i Trigger (FIT):

S D  A. , i » Luminosity

- Time Of Flight (TOF): ! : « Collision time and
~+ PID via time-of-flight i position :
- _measurements :
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https://cds.cern.ch/record/2263642?ln=en

ALICE 2 (LHC Runs 3&4 - 2022- 2032)

{ New/upgraded |
: hard/soft-ware :

ALICE 1

Triggered readout

Basic processing unit:

event @

(~photograph)

Hardware triggers

AliRoot

ALICE 2

Continuous readout

Basic processing unit:
meFrame* @

(~movie)
*128 LHC orbits & ~10ms

Software triggers

Online/Oflline (0?)

3

ALICE

» Studying processes that are not
“triggerable”

* Record O(x100) more collisions
than before

e Store O(x100) more events - need
to filter (disk space limitation)
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Il - Heavy Flavour Triggers (pp collisions)

ALICE

® Run 3 processing scheme
® Strategy and BDT-based selection
® Goal: reach 104 selectivity

Mid-term Defence, 28.06.23, A.BIGOT


https://indico.cern.ch/event/1161910/contributions/4882348/attachments/2484887/4266391/220725-mpuccio-APW.pdf

Run3 processing scheme in pp collisions @

DETENINER G R HEG N 3.5 TB/s €————— All StatIS.tICS are HLICE
N temporarily stored
o
-
LL 600 GB/s
(=]
E e e bullding ?%
H‘E b 0 omp 0 _g E
g S
5
o huffe
: . M
g I ] g% - Filter in_teresting _events + Flag data for.analysis
M - Reprocessinc iails - according to dedicated  xfeature not available yet*
0 0 < triggers
Compressed
Reconstructed Data Raw Data
Permanent storage <100 GB/s : : A
Investigation of huge MB statistics
Only selected events 200 pb~tin Runs 3-4

are permanently stored

(ALICE Run2 MB statistics: 32 nb~?)

(FLP) First Level Processors )
(EPN) Event Processing Nodes (8GPUs, 64 CPUs) Mid-term Defence, 28.06.23, A.BIGOT


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

Strategy - BDT-based selection @

;mmmwmwwﬁm“wmmmmj ALICE

' P —_ .
: rompt = from primary vertex
HFTrackIndexSkimsCreator.cxx P _ fp y
(preselections on tracks Non-prompt = feed-down
kinematics and topology)

J— Vo

2/3-prong charm candidates tables

Background —% Rejected E

</>  HFFilter.cxx > Chdeton prompt ——— "Srublecham |
: hipe4ML ,
l i Non-prompt ——» Beauty, HighPt i
Output: table with per-collision decision e e e e e e e e e e e e e e e e
BDT allows to tag prompt D, non-prompt D, and
/N combinatorial background candidates
Beauty Femto HightPt DoubleCharm

| " Save triggered data | | Mid-term Defence, 28.06.23, A.BIGOT



counts / 4.0 MeV/c?

Invariant mass distributions oT € [0,50] GeVic

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

3.5 : T —
[ x2ndf=136.49 / 55 -~ background 0 ] 5“3 - x*/ndf=129.74 195 -=~- background 0 i
B signal 0 i ] B signal 0 ] .
s.0f- — e = ao0f- —wan - ® DT peak already visible
B ¢ data 7 o B 4+ data ] . . . I
s ; o I . : with filtering only (!)
250 e M g £ 250 MC -
L b = L -
(o] n -
- ] o B signal0 i 0 .
20— ] 200 u=52725+1.4 Me\.;fc?‘_ ® B pea k
- Real data : : il
r ] R B(30)=13405 = 45 i .
1.5— — 150+ S/B(3¢)=0.97 £ 0.03 —
o ] : e ¢ Observable in MC
10 signal0 - 100 ¢ Yet unseen
- U =1863.2+0.2 MeV/c? -#4 - .
- 0=17.7+03 MeVic? A SRR S St in real data
050 §=74634 £ 1068 7 50l
L B(30)=662282 + 476 | -
- S8 2041 £000 1 . — need more
T Signif.(30)=86.9 + 1.2 ] » .
0975 1.80 1.85 1.90 1.5 £o 5.1 5.2 53 5.4 55 selections
My (GeV/c?) Mp-++ (GeV/c?)

Width x2 compared to Run2
(TPC space charge distortion)

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

¢ e.g. flags not available yet
Mid-term Defence, 28.06.23, A.BIGOT



Is B° observable in 2022 pp data?  17pb~!
5.58 - 107 pb\ O’?ﬂ T ALICE

Sexp =20y Y FF(b — B°) - (Acc x €) - BR - Lipg ~ 1.8 - 10?

po’t‘(\eé‘5| Acc X € ~ 10% / /

BR = 0.251% x 9.38% ~ 2.3510~4

oy
I, 0 obtained by fitting signal curve in MC o - 20 to take
Nexpected into account
L Bl[,u—Sa,,uA—Sa] events o 6 7 miscalibration
Bexp — “real data . Nanalyzed =8.2-10 (16 10 )
events
Sexp

= 6.38[(4.57)

Mid-term Defence, 28.06.23, A.BIGOT
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http://www.lpthe.jussieu.fr/~cacciari/fonll/fonllform.html

I1l - B° analysis (... D* analysis)

O (c1)
K+ | G
3.7m
I~ I~ ot mt
7.8 m
DR . “D"vertex —
D- 7 (BR ~ 9.38%) ~ D+ 309 ym
ot o
/ \ 7.8 m
“ B” vertex
Bo ™ (BR ~ 2.51%0) Bo 456 pm
y A DR Y A y
T Primary vertex """
0 > x . 0 > x
o B

® D mesons:
¢ Non-prompt natural fraction: only 5-10% of total production
¢ similar decay topologies between prompt and non-prompt
® B mesons:

¢ rare signal

ALICE

Decay channel
reconstructed fully
topologically:

® Reconstruct (non-prompt) D*
candidate first

® Associate D* candidate with
a 1~ to build B° candidate

—» BDT selection

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

Mid-term Defence, 28.06.23, A.BIGOT



B°-> (D~ -» m Kt~ )nt* workflow @

(& Personal contribution to software development

ALICE
, Apply selections on
Flagngtlﬁlfotoréglets Se&?&’;ﬁ;%ﬁex Kinetmatics, Fill histograms with
e e and create " candidate topologlcgllganables, candidates information
4 I )
Track skimming —» D* candidate creator — D* candidate selector - » D+ analysis task
\_ J
D+ workflow
v @ @ @
B° candidate creator — B° candidate selector ——»  B° analysis task
I
I~
® B analysis requires to first go through D+ workflow /D\
® Work in progress: D/
¢ |mplement Machine Learning inference in O?Physics (£ a7+
—
¢ Train BDT models to select non-prompt D* @ A.

Mid-term Defence, 28.06.23, A.BIGOT



counts / 5.0 MeV/c?

First results on MC data (~5M events) @

ALICE
800 ;
p xndi= 13501107 ——— background 0 ® pT integrated ([0, 24] GeV/c)
700 — + signal ]
C — total fit ] .
- 4 data . ® [Loose selections on B°
600 — MC -]
c00 E ® A bit tighter selection on D+
wb 1 b E ® Need to improve selections
ook n ¢ Use BDT in D+ selector
[ H S
- signal0 LIETRE Yes
- p=5272.6+1.3 MeV/c? a .‘“?'QOQ
200 — 0=39.2+1.4 MeV/c? -
- A . \No'c\ﬁ
" B(30)=18433 + 76 .
100 5/B(30)=0.30 £ 0.0 —
E Signif.(30) =35.4 +/A1.0 E
80 5.1 52 53 54 5.5

Mp. (GeV/c?)

Mid-term Defence, 28.06.23, A.BIGOT



Counts Counts Counts

Counts

1072

1072

10-°

® Train one BDT model for each pT bin [0, 2, 4, 6, 10, 36] GeV/c

BDT-based selection for D+

® More training variables than for HF triggers (9 —» 17)
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BDT output »re€[4,6GeV/jc -
N
./l/
//
Prompt score Non-prompt score pd
- 0.8 -
et /‘/
K
v
e
e
N
2 0.6 7
ot e
@ e
=z 4
= e
w
= 0.4
bkg Vs prompt (AUC = 0.9933)
101 1 prompt Vs bkg (AUC = 0.9880)
2 bkg Vs nonprompt (AUC = 0.9967)
P 0.2 nonprompt Vs bkg (AUC = 0.9851)
o prompt Vs nonprompt (AUC = 0.8959)
§ nonprompt Vs prompt (AUC = 0.9018)
© o Average OvO ROC AUC: 0.9601
o0 —-= Luck

0.0 0.2 0.4 06 08 1.0
False Positive Rate

-
o
I3

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

._.
o
&

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

0.0 0.2 0.4 0.6 0.8 1.0

K / BDT output for bkg

(truth) labels # class (prediction)

Classification = regression + threshold
\N‘(&e“e
Mid-term Defence, . -.23, A.BIGOT




Working point optimization rr <€ [4,6]GeV/c @

+
ND FONLL -1
Acc x E = rej::o + sel (ACC X 5)pr0mpt ) (dea)prompt HLICE
NP } Jnon-prompt = | 1+ FONLL
gen ly[<0.5 (ACC X 5)non—prompt ) (de 0)non-prompt

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

BDT non-prompt € Total non-prompt ¢ Non-prompt fraction
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Software developments in O2(Physics)

ALICE

® BO workflow: ‘2\
¢ Candidate creator }
¢ (Candidate selector

¢ Analysis task
® Contributions to D* selector

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

Mid-term Defence, 28.06.23, A.BIGOT


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

IV.1 - Trainings

| ATTESTATION DES saislo: ALICE
e FORMATIONS SUIVIES Tuesday 20 june 2023

Bigot Alexandre

Doctorant(e) a

+ Etablissement : Université de Strasbourg
+ Ecole Doctorale : Ecole doctorale Physique et chimie-physique

Total du nombre d’heures comptabilisées : 98:00

Total autres modes de comptabilisations éventuels :
a suivi les formations ci-dessous :

Cateégorie : Disciplinaire Cateégorie : Transversale

Nombre d’heures comptabilisées dans la catégorie : 39:00 Nombre d’heures comptabilisées dans la catégorie : 59:00

Autres mode de comptabilisation éventuel :

Mid-term Defence, 28.06.23, A.BIGOT



IV.2 - Teaching

® 2021-2022: ALICE

@ [24h] Mécanique classique (L1 SV)
¢ [32.5h] Méthodes mathématiques pour la physique (L1 PSI)
¢ [8h] Accompagnement du projet de I'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

Mid-term Defence, 28.06.23, A.BIGOT



IV.3 - Scientific communication

ALICE

® Présentation orale:

¢ (luster shape analysis and strangeness tracking for the ALICE upgrade

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

® Proceeding lié a 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

Mid-term Defence, 28.06.23, A.BIGOT



Conclusions

® | HCis ~lyear late data wise

® TPC space charge calibration delay wo
— impact on thesis

Scenario n°l - D* raw Non-prompt D+
[Run3 pp collisions] corrected
- D* raw Non-prompt D*
. [Run2 p-Pb collisions] corrected
Scenario n°2 -
; D* raw Non-prompt D+
[Run3 pp collisions] corrected

® 2 spare months for thesis?

¢ Thesis will already be extended of 28 days

(duration of paternity leave)

e

® Progress made in

software development ALICE

® Thesis manuscript written @50%

- B° —
raw, corrected (8=
"B

BO BO
in MC (BDT) raw ?

Mid-term Defence, 28.06.23, A.BIGOT



ALICE

THANK YOU !

Mid-term Defence, 28.06.23, A.BIGOT



ALICE

BPACKkUp-.
NN 5 ) u JIDES




LHC schedule

Longer term LHC schedule

In January 2022, the schedule was updated with long shutdown 3 (LS3) to start in 2026 and to last for 3 years. HL-LHC operations now foreseen out to end 2041.

2021

2022

2023

2024

2025 2026 2027

MIAM| ]| J|AS|ON|D|

AM|]|J|AS|ON|D]J|FMAM|]|]|A[S

MAMJ|]|A|S

N|D{J|F[M|AM|]|J AIS|OIN|D{ ]| FIMAM|]|]|A S|ON|D]J|FMAM| ]| J|A[S|ON|D{]|FIMAM J|J|AIS|OND| ]| FMIAM| ]| J|A S|ON|D}

" Long Shutdown 3 (LS3)

Shutdown/Technical stop
Protons physics

Ions

Commissioning with beam
Hardware commissioning

Mid-term Defence, 28.06.23, A.BIGOT


http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Physics motivations

1. Measure production of b hadrons down
to low P,

- provide pp reference for heavy ions

2. Measure double charm hadron
production cross section at mid-rapidity

3. Precisely measure strong residual
interaction between charm hadrons and
protons

4. Measure "high” p_charm hadrons for
charm-tagged jet studies

{ ALICE Upgrade projection
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Triggers

ALICE
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B° invariant mass in real data (1.7G events) @

Obtained with HF filter ALICE

g r slice_py_of _fMassVsPtB0
= — Entries 39984
c 350 r Mean 5236769 + 0.001142452
L — StdDev  0.2284447 + 0.0008078357
° [ Underflow 0
;a_) 300 j Overflow 0
o [ Integral 39984
£ :
2 250
200 —
150—
100 —
50—
q 8 5 5.2 5.4 56 5.8
M (GeV/c?)
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BDT models for D* selection

Background ——— Rejected ALICE

D+ candidate preselection
(skimming) Prompt ——» D*task
hipedML
o .
Non-prompt ———» B Dintglgﬁls
® Training

¢ Signal (Prompt & Non-prompt):
¢« LHC22bla (b enriched)
« LHC22b1lb (c enriched)
¢ Background:
¢ LHC230 pass4 small
® pT €[0, 2,4,6, 10, 36] GeV/c

Mid-term Defence, 28.06.23, A.BIGOT



BDT strategy

Original dataset

ALICE

Y

v

Training set Test set
I
Y v

Subtraining set Validation set Test set
: i g .
i Change ' T
E hyperparameters ' g
' and repeat ; =
. |Machine learning 7 o
i ‘ algorithm | O g -
Evaluate %
: Fit i q : 3}
: : c
: Predictive model = : 5

K-fold cross validation + regularization

Mid-term Defence, 28.06.23, A.BIGOT



Training variables for D*/B° BDT

pr (0) \nm?% if PID TPC only
Transverse momentum of daughters pr (1) no™K lnolor if PID TOF only ﬂ LIC E
or (2 b=\ | |
£ df} ((0)) ﬁ\/ (no5pe)” + (nofdy)” i PID TPC and TOF |
Impact parameter of daughters dp(1) i
dp(2)
Max normalized impact parameter difference | max|dy — d " [P"°"8(no)
Decay length L
Norma]‘izcd d.(:{:'r}}_' length zy Loy/osy ess
Cosine pointing angle cos t, Yogt
Transverse cosine pointing angle cos 0" K\ﬁ\.?
"r]I"O—fmul;(0.JI wo‘t
= \ -
NOcomb ( 1 }
. . Yold 2
Combined no of daughters ng‘};!'“"( }
n.(rﬁ!mh (0 ]l
n"o—i!ml; ( 1 )
N0 .omb (2 )
Table 4: Training variables used for D+ mesons. r (0)
Transverse momentum of daughters pr
pr (1)
Impact parameter product of daughters dy(0) X dp(1)
Max normalized impact parameter difference max|dy — d;, T [P 8 (na)
3 Decay length L
\,39 ‘ﬁ-‘\a\' Nm‘malizod decay length zy Loy/0.y
e*’(, S ‘\"\0 . Cosine pointing angle cos 0,
ﬂ ‘edﬂe Transverse cosine pointing angle cos B7Y
% ",\‘a‘ Sum of (non-weighted) distances of the secondary vertex to its prongs X Zoa .
(“‘0 Combined no of daughter 1 nﬂﬂzmb(l.}l
NOomhb )

Table 5: Training variables used for BY mesons.



Acc x efficiency

ALICE

Particles produced via LHC collisions
[ “True” yield ]

ALICE geometry Acceptance
-------------------------- ' correction
Acc x eff Particles detectable by ALICE
factor ___________________________________
I reconstruction and selection I efficiency
""""""""""""""""""" correction

Particles detected, reconstructed and selected

[ “Raw” yield = (Acc x eff) x “True” yield ]

Mid-term Defence, 28.06.23, A.BIGOT



Workflow splitting @

ALICE

R R R R R R R RN R R R N N R R N RN RN R R RN RN NN NN N M R N N R R RN RN R R RN RN RN N N R R N N N R R AN RN R R RN RN N N N R R N N R R RN RN AN RN R RN RN N N R R N N R R A A N R N R N N M M g,

Track skimming — D+* candidate creator —— D* candidate selector - » D+ analysis task

Prefix (D* workflow)

Save selected D* candidates
in a dedicated file AOD.root

\

AOD.root as |only input

---------------------------------------------------------------------------------------------------------------------

B° only workflow

Mid-term Defence, 28.06.23, A.BIGOT


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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