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Overview

e Physics motivation
e b-jet tagging methods

1. Track Counting

2. Boosted Decision Trees
e 2-dimensional template fitting
e Unfolding and corrections
e Systematic uncertainties
e Results

e Towards Oxygen-Oxygen collisions
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Physics Motivations
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Physics motivation

Importance of heavy flavor production
measurements

e Heavy quarks are produced via initial hard
scatterings

e Important tests to pQCD calculations

e Baseline for heavy-ion measurements

Heavy quarks in QGP

e In heavy-ion collisions, the earlier production of
heavy quarks allows them to experience the
entire evolution of the medium

e Understand heavy-quark energy loss
mechanisms and their path length dependence

Heavy flavour jet measurements allow probing of

In pp collisions

e the dead-cone effect

e casimir effects (quark vs gluon)

e perturbative and non perturbative aspects of QCD

radiation

e heavy quark hadronisation mechanisms
In heavy-ion collisions: measurement of heavy-flavour jets will
allow the study of medium induced effects on the radiation
pattern

Freeze-Out

) Freeze—OutT
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Clément LOTTEAU 4



e
The ALICE Apparatus

Uparaded ALICE detector in Run3

e Orders of magnitude higher statistics with
respect to Run 1 and 2 — O(3) and O(2) for pp
and PbPb respectively

e New Inner Tracking System (ITS2)

— significant improvement of track impact
parameter resolution — crucial for b-quark
measurement

e Gas Electron Multipliers (GEM) based Time
Projection Chamber (TPC) for continuous
readout

e New Fast Interaction Trigger (FIT) for
luminosity, multiplicity determination and
event selection

e Detector capabilities up to very low pT
— ideal for R, , measurements (specifically to
probe HQ energy loss at low pT) The ALICE detector
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b-jet tagging methods




Two tagging methods

. . . Impact Parameter
1. Track Counting: classical tagging method based pand its sign

on signed Impact Parameter or its significance e

2. Boosted Decision Trees: ML based tagging —
. .. . . 18]
learns with “training features” like jet pT, Impact o Jet
Parameter of tracks... 1. Vertex r%
o> — d=—8

IP2D of track: distance of closest approach (DCA) of the 1. Vertex
track to the jet production vertex in the transverse plane of
the detector (perpendicular to the beam). We take into
account the sign of the IP: IP2D — sIP2D
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Jet Tagging - Track counting

2D signed Impact Parameter distributions

sIP2D of jets:b>c>If — strong

: i g discriminating power
P A our work 2 our work | | j our work
5 3 Arranges sIP2D of tracks in jets in

descending order (1%, 2", 3" |argest

T f sIP2D)
ik ‘\\! i 1 - Jettagged as b if N"" largest
1o L A . | | | | | | | L 2 EX R 0.1 . . .
-04 03 02 St-o-‘ 0 0.1 02 03 04 iy -0. 0. —o.;1d 0 041 02 . 0.4 3rd S|P2D SIPZD > threShOId Value
1t sIP2D 2" sIP2D - 2nd largest sIP2D gives the best

compromise between efficiency

% o.glé — Efficiency g 0.95w — puriy Nt . and purlty
§ or —temoni ot Purity of sIP2D N2
€ orf Efficiency-of siP2D-N2 07 -
3 oof R : 1 . Number of selected b-jets
g osk osE : Efficiency = _
E L » £+ Total number of b-jets
0.4 == 0.4
0af- our-werk 0af ) Number of selected b-jets
E E our work Purlty = .
02 02 Total number of selected jets (b,c,If)
] S— 01
0= =

o b e e o e
40 60 80 100

n
=]

Tttt
40 60 80 100

n
=]

e P
120 140 120 140
jet pT (GeV/c) jet pT (GeV/c)
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e
Jet Tagging - BDTs

Training features used in pp 13.6 TeV analysis

/c;)\ T T T ‘ T T T | T | T T T | T T T +
. = | ALICE Performanc u raining sample
e jet pr ® 04,, 1to3 § 10°F PYTHIAB-:)GEAN?I'4 —+—ug:glestsagmsple e
ot g 10— pp,(s=13.6 TeVv ¢ Training sample
® JE - arged-particle jets ¢ Test sample
Jertn e d,1to3 @ - ,?«:ti-/i,%ig.ztl, |1J7j:t|<o.5 +b1ra:ning :;mme —
° Jet ¢ § 107! 30 <pT’chjet<40 GeV/c  —4— b Test sample —
o
e nTracks in jet *gd,Ligs ks
= 10—3
e d,, 1to3 (ie. sIP2D) e track pr 1 to 3 §
o
= 107
0 0.2 0.4 0.6 0.8 1
BTDs score distributions for each jet flavor/class I BDT score
One can apply cuts on these distributions Tagged as b above chosen score
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e
Jet Tagging - BDTs

1.0 1.0

Efficiency MC LHC25a2b - match. eff. Purity MC LHC25a2b - match. eff.
—— BDTs —e— BDTs
0.8 —4— TCsIP2D N2 0.8 —$— TCsIP2D N2
>
o 0.6 > 0.6
(O] =
o E
0.4 0.41
our work
our work
0.2 0.2
0.0+ ' . - ' T ; - 0.0+ ' T - - T . -
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
jet pr (GeV/c) jet pr (GeV/c)

Efficiency of the BDTs matched to that of the Track Counting
BDT based tagger provide better performance
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2-dimensional template fitting
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HEEs—SS—SS————————SLeLee———T
2D discriminant

BDT(b) + BDT(c) BDT(b)
BDT (bc|lf) = BDT(b|c) =
(bellh) = BB T(b) + BDT(c) + BDT(H) (bl¢) = 55T(b) + BDT(0)
Ty, 1¢ Tie
6‘ _"I"'I"'I"'I'"I'__"']'"I"'I"'I"']'__"'I"'I"'I"'I"" %)
§ 1 ALICE Performance -{ | Charged-particle jets 4L 30 <P Chjet<40 GeV/c 5?;
E [ PYTHIA 8 + GEANT 4 1[ Anti-ky, R=0.4, [y | <0.5 1[ udsg-jets 10 8
m | ppVs=136TeV 1} ciets ]
081 bjets 1r ] 10
: ] Population in the templates
0.6f 1t - e : :
[ ] vary depending on the jet
0.4F 1t ] . flavor
0.2 ar - 10
L I [ [, . o L Lo SRR "

00020406 08 1 0 02 04 06 08 1 0 02 04 06 08 1
BDT(bc|udsg) BDT(bc|udsg) BDT(bc|udsg)
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e
2D template fits

Fit the model to the data — extract the b-fraction fo

Timodel = fb x Ty +fC X Ic dijets . d-Nincl X fb Limited range fits to mitigate inflation of b-fraction
extraction from template mismodelling. Region chosen

+ (1 — Jfo— fb) x Tig de’ jet de’ Jet where y?/bins ~ 1

2C i o 0.2
-------- ] e c 5o
10°3 = 3 g 018 ~+ Limited
on (@) = 016
] s} 1 £ ~+ Full ‘
104 : 0.14[
0.12 ‘
] 103 0.1 f
""" 10" 0.08f
i 5 :
10 ALICE Performance 0'06:
pp, (s =13.6 TeV = =Fitregion 0.04
i 10 Challrged-particle jets 0.02f
Anti-k;, R=0.4,|p_|<0.5 2
Jet 102 o) i AN RN BN AP IV PO
i ‘ 30 <Py o <40 GeVic 20 40 60 80 100 120 140
0 I T L S I I 1 (o) P B S R S P (GeVic)
0 02 04 06 08 1 0O 02 04 06 08 1 0 02 04 06 08 f T
BDT(bc|udsg) BDT(bc|udsg) BDT(bc|udsg)

Method from LHCDb Link
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https://arxiv.org/pdf/1504.07670

Unfolding and corrections
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Unfolding

To correct for detector effects, the dNpjers 1 Unfold [ P dNbjets
. - reco
reconstructed spectrum is unfolded to dpr,jet  ErecEkin dpr, jet
the particle level
tched
— 200 . lgrf?;s‘pm _ bf_it:t};ed part P _ Nll)lfjgtse reco
° . Ein = yun—trunc Ereco = Ntotal reco — NTeco |
> bt lpar 55ets par et reco
G 180 Entries 30951
= B our Work Mean x 8.98
gt:.'; 160 Meany 10 2 = 2 z
Std Devx  4.146 & [ - —4— Truth bijets & . . —— Reco b-jets
140 Std Dev y 6.006 & % = our Work + Unfolded reco b-jets AL g_ our Work + Refolded b-jets
120 e 10t
100 1ok iy iy
1E - 1;—
- 1o—|j 1 1 . | 1 Il | 1 l 1 . 10v1j 1 1 1 1 1 1
ERRE 8§ uf
s —— ¢ | = °F
é ot oot —— g 1§9~.¢-‘¢"_¢_—o—o—-—¢—_+_—o—
=k 20 40 60 80 100 120 140 160 160 200 s _—__2"0 0 60 80 100 120 140
P (GeVic) P (GeVic)
40 60 80 100 2«1% 140 ¥ x
Response matrix Py (GOVIC) Unfolded Re-folded
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e
Luminosity and corrections

L TVX
Measured luminosity from TVX detector: & . N
> 5 # bunch crossing / visible cross section of TVX trigger VX — O-TVX
d“Opjer 1 d“Npjet
dpt, jetdMjet  Zine APT, jerdNjer Integrated luminosity: 504
Correcting TVX with visible lumi in 2023 and lumi Lnt = Lrvx X ——
reference in O?Physics 52.8
Correction to the [ Gaus (zyix ) dzvix
selection |z [<10 cm: Zyx = [+ Gaus(2vex ) dzvex Swl ourwork i e e e
Correction to inefficiencies du ) : .
. TVX ijetTVX . oo TVX timeframe
to readout time-frame bordery &y:oi = —| gaussian i :
: € N.. mgL ' MC fit for od- correction
of TVX trigger: bjet i
ZVTXt_ 02 our work
10°— 1 correction X
] N NbJetS 20 ‘_1‘5 B e T R ‘1‘5‘2‘(0;2)0 o” 20 4o ’ eo : so 100 120 14o 160 1%9\”290
Corrected number of b-jets: bjets 7 TVX
zvrx Ebjet
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Systematic uncertainties
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e
Systematic uncertainties

Source Jet pr intervals (GeV/c)
5-10 10-15 1520 20-30 3040 40-50 50-70 70-100 100-140
: BDT selection 635 634 803 1067 1086 827 795  8.68 9.95
[ )
BDT selelctl|ons o Fit range 1023 867 519 277 174 421 645 995 10.66
o Training seed variation MC templates 424 411 706 513 493 301 234 226 1.63
f o Niter 000 000 000 000 000 000 000 0.0 0.00
O
Hyperparameter variation SVD/Bayes 326 275 132 201 156 158 257  3.02 3.54
e Template Fits Closure 126 104 086 049 046 055 083 298 4.24
. Tracking efficiency 090 133 270 377 453 480 6.00  7.70 8.55
o Fit Range pr smearing 045 050 057 077 097 090 150 313 450
o Template shape variation Total unfolding 418 376 350 442 501 527 695 9.88 11.64
. Total 1343 1210 1239 1294 1306 11.08 1259 1664  18.73
e Unfolding
L
O lterations g —— BDT selection K
. 2 I —— Fitrange our wor
o UnfOIdlng methOd f>‘, 02—~ — MCtemplates
o  Closure test 2 [ —Unfolding
% | — Tota'

o Track reconstruction efficiency
o Track momentum resolution
e Luminosity determination (10%)

g v 14 ¢ s plwss I s9sl rg 6l5 o34
¢ 20 40 60 80 100 120 140

p. (GeV/c)

T, chjet
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Results
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b-jet cross section

d? Gt _ 1 d*Nojet
dPT, jetdnjet Lint dPT, jetdnjet
with

dijets . dNinc1 X f b
de, jet dPT, jet

Underestimation at low pT with Run
2 preliminary results (up to 40%).

Overestimation at low pT with model
calculations (up to 40%)

Ratio of b-jet cross section over
inclusive jet cross section
(ALICE 2024 Preliminary)
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e
Comparison with other methods

é‘ [ T T T I T T T I T T T I T T T I T T T _ %\ 10_1 . =
21 4 | ALICE Performance — 5« p ci5Gevie | g ALICE Work in Progress ?
> [ PYTHIAB+GEANT4  —o0_ o _scevie | . 107 pp Vs =13.6Tev =
. . . = pp, Vs=13.6 TeV L T.ch 5 Q charged-particle b-jets 3
M U|t|p|e b_J et tagg I ng %1 2 n charged-particle jets < py chiet = 100 Gewc__ 561 0 g\ anti-k;, R=0.4, '"je‘l <0.5 _g
approaches were studied: s | anti-ky, A=04,1<05  —CNN 1 50 ~+— Run2(pp 13TeV) ]
Graph Neural Networks, BDTs 4108 g rac g \ S RnaeNNy e
X 1 g0t ==_ . Run3(BDT) .
and Secondary Vertex. 08k 1 3 == Run3(sv) :
L 4 —6 _
L ] 8 10 ﬁ? %
GNNs yield the best 06 1 107 —_—
performance. oab E 10° -
. [ GNN selections\\“-.\'I ] % 1 g { =
. LI ® D,>2 ) | o1 _
BDTs and GNNs are compatible 02F ® 0.-3 4 eol4 i
r > ] ol e S—
B = Db >5 ...\'u, S ] ‘(-U' 1 o
- . SCRIETCTT o 08
00 PR TN T [T T T N WO N N W 06 L L L ol L
0.0 0.2 0.4 0.6 0.8 1.0 20 40 60 80 100 120 140
b-jet tagging efficiency Pr oo (GEVIC)
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Towards Oxygen-Oxygen
collisions
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T
Training features

Old set of training features (3 tracks)

e jet pr e n'Tracks in jet e d,1to3
e jet n ® dyy 1to3 e g4, 1to3
o jet ¢ ® 04, 1to3 o track pr 1 to 3

Ty

New set of training features (10 tracks + track eta)

e jet pr ® dyy 1to10 e track pr 1 to 10
e jet ® 04, 1to10 e track n 1 to 10
e jet ¢ e d, 1to10

e nTracks in jet e 04, 1t010
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Performance: proton-proton 13.6 TeV and O-O 5.36 TeV

Efficiency vs. Purity:

Improved performance of
BDTs with new training
features in pp@13.6 TeV and
O0@5.36 TeV

Better performance on O-O
5.36 TeV than on pp 13.6 TeV
when the same training
features are used
— under investigation

Clément LOTTEAU

1.01

0.2

our work

Efficiency vs. Purity [50-70] GeV/c
MC LHC26b6 LHC25a2b
—— 00 5.36 TeV new training features
— 00 5.36 TeV old training features
pp 13.6 TeV new training features
—— pp 13.6 TeV old training features
® maximum Efficiency x Purity

.0 0.2 0.4 0.6 0.8 1.0
Efficiency




S
Conclusion and outlook

Measurement of b-jet cross section observed for the first time with Machine and Deep
learning methods in ALICE — benchmark for pQCD studies with beauty and baseline for
heavy-ion measurements

Measurement to be moved to 2026 data for the publication

Study of b-jet production in OO collisions at Vsw = 5.36 TeV is ongoing — Towards a b-jet
R/, measurement
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Thank you for listening
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BACK UP
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HEEs—SS—SS————————SLeLee———T
Dead Cone effect

Radiative energy loss
suppressed in the “Dead Cone”

Stronger with b quarks than
with ¢ quarks because of larger
mass
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Probing QGP with heavy-flavour (HF) quarks

HF quarks produced in hard scatterings at initial
collision stages, before the formation of QGP

— experience the entire QGP evolution S.AEarly ——
S1ani W ”
_ _ o s el Quark and Gluon
« Brownian motion » inside QGP 22| crossover Plasma
— Collective and energy-loss effects resulting - :
from interaction with QGP constituents ER
©C O
[+)]
Advantages of b-quarks over c-quarks due to g
higher mass: - SPS, SIS 300
- Much less thermalized — more sensitive Hadrons ) Color sLncll
. n stars .
probe of HF transport in QGP 5 T et b o
- Better theory control in transport modelling Nuclei ! et baryon density s
- Disentanglg collisional and radiativg energy Phase diagram of QCD
loss, radiative energy loss suppression due to

more sizable dead-cone effect
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PhD subject - quick explanation

Measurement of b-jet production in pp and Pb-Pb collisions with Run3 data
— Nuclear modification in Pb-Pb or 0-0 with respect to pp reference

Advantage of studying b-jet production :
- Jet pT directly related to b quark pT
- Jet substructure provides unique insight into the energy loss mechanisms

Measurement of b-jets consists of :
1.  Jetreconstruction
2.  b-jet tagging/identification (separation from charm and light-flavour jets)
3.  Proper treatment of huge background in Pb-Pb, especially at lower jet pT

Upgraded ALICE detector in Run3 :
- Orders of magnitude higher statistics for b physics with respect to Run 1-2
- New Inner Tracking System — significant improvement of track impact
parameter resolution — crucial for b-quark measurement

Clément LOTTEAU

——— T
® Ras Prompt Do (ALICE) PbPb 5.02 TeV 0-10% lyl < 0.5
@ Rax Prompt Do (ALICE) PbPb 5.02 TeV 60-8Q% lyl < 0.5
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e I I P I T e |

10 20 30

pT (GeV/c)

Nuclear modification factor for
prompt DO production for central
and peripheral collisions

]
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T
Jet algorithms

Jet reconstruction algorithms are either “sequential
clustering algorithm” (SCA) or “Cone Algorithms”

g K
z sb—"%
. —_
IRC safe: InfraRed and Collinear - guarantees that the q (é § I
measured jet can be linked to a theoretical 2e—
OO [ —mu
observable Q5 —
c ®© -
o< K
C
Ke
Used anti-kT algorithm to reconstruct jets (SCA) lllustration of jet production

which is IRC safe (R=0.4)
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e
Datasets and analysis selections in pp 13.6 TeV

e Datasets

e Event Selection

o

sel8

e Track Selections

o

o O O O O O

([ ]
(<
®
—

o O O O O
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QualityTrackswDCA

0.15 < pT < 250 GeV/c, [n™*|<0.9
p,™" = 0.15 GeV/c
leadingConstituentPtMax = 100 GeV/c
Track to collision associator

Track tuner with p_ smearing

Remove migrating tracks from other jet-jet
events

Anti k. (R = 0.4), charged jets
5 < p;< 250 GeV/c, |n|<0.5
searchUpToQuark : True
Particle level p ' < 4 x p_ "
Detector level p < 8 x p "™

LHC220 apass7 minbias @ 665412 LHC25a2b (anchored to 220 apass7)& 641215

e BDT Preselections
Ntrack >= 1’ |dz|<‘I

o Transverse Impact Parameter (dxy) ordering
o p;intervals (GeV/c)

e [5-10] [10-15] [15-20] [20-30] [30-40]
[40-50] [50-70] [70-100] [100-140]

500,000 jets per flavor per p; interval
o jetEventWeights as Sample Weights in training
o Training features

~ jet pr - oy, (1,23)
—Jetn 4, (123)
~ et ¢

- O-dz (1’2?3)

— Number of tracks in the jet

- dxy (1s273)

track pt (1,2,3)
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https://alimonitor.cern.ch/hyperloop/train-run/641215/general
https://alimonitor.cern.ch/hyperloop/train-run/641226/general

e
Jet Tagging - BDTs with scanning methods (score)

4 choices of cuts on scores: matching the BDT efficiency to the Track Counting
efficiency or maximizing the 3 following quantities by scanning the BDT scores

BDT efficiency = Track Counting efficiency

Number of selected b-jets
y/Total number of selected jets (b,c,If)

Significance =

Number of selected b-jets
v Number of selected b- and c-jets

maximizing

Significance alternative =

Number of selected b-jets

Signal over Background =

Number of selected lf- and c-jets

The maximization of the significance was found to yield the best
compromise between efficiency and purity compared to the other two
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e
BDTs with scanning methods (score)

I A Number of selected b-jets
e Significance = '
0.8 our work 0 y/ Total number of selected jets (b,c,If)
A o6l .
&) |
S | »  1Wo0 scanning methods to maximize the
(2] i . .
o %4 . significance have been compared:
. [Sign(i)f]icgnce d|iStE:ibUtiC02n -
| 5-1 eV/c | MC LHC25a 20 .
0.2 | — b score cut = 0.6500 1. scanning the scores: b vs. If
i - — If score cut = 0.0300 10
| Efficiency = 0.3239 | Purity = 0.3296
%0 02 04 06 08 10 2. scanning the discriminants: BDT(bcl|If) vs.

If score < BDT(bIC)

example of score scanning to
maximize the significance
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T
BDTs with scanning methods (2D discriminant)

1.0 e Two scanning methods to maximize the
[5-10] GeV/c | MC LHC25a2b ] ]
Efficiency = 0.3758 | Purity=02380 | 60 Slqnlﬂcance have been ComDaredZ
= b vs c cut =0.
0.81 — bc vs usdtg cStSj?)(.)%SO

our work * 1. scanning the scores: b vs. If

5 0.6 40 . . o .
) 2. scanning the discriminants: BDT(bc|If) vs.
5 30 BDT(b|c)
@ 0.4

0.2 BDT(b) + BDT(c)

10 BDT (bc|lf) =
(bellf) = 5T (o) + BDT(c) + BDT(H)
0.0 — 0
0.0 0.2 0.4 0.6 0.8 1.0 BDT(b)
BDT (b dg)
clusdo BDT(blc) —
example of discriminant scanning to BDT(b) "‘BDT(C)

maximize the significance
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BDTs with scanning methods - scores vs. discriminants

1.0
Efficiency MC LHC25a2b
max. sig. - 20 trainings
0.8- our Work —— score scanning
' —— discriminant scanning
20.6
c
.9 s -l 1
.! T T
£ 0.4 f—
0-2 Efficiency
0.0+ y " y y " " i
0 20 40 60 80 100 120 140
jet pr (GeV/c)
0.40
0.35; our work
é\ 0.30
& 0.25
X
o 0.20
S s, Eff x Pur
S 0.
E 0.101 Eff x Pur MC LHC25a2b
max. sig. - 20 trainings
0.05 —— score scanning
—— discriminant scanning
0.00 y y v . - . 7
0 20 40 60 80 100 120 140
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jet pr (GeV/c)

Purity

1.0

0.8+

0.6

0.4

0.24

0.0

Purity MC LHC25a2b
max. sig. - 20 trainings
our Work —— score scanning
—— discriminant scanning
Purity
0 20 40 60 80 100 120 140
jet pr (GeV/c)
Maximized
significance

Mean and std dev obtained
over 20 trainings by shuffling
the training-testing sets during
each training

The two scanning methods
(score and discriminant) vyield
almost identical results
(especially in the Efficiency x
Purity distribution)
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Full template fits

RooFit package, Templates controlled via RooAddPdf Tmodel — fb X Tb + fc X Tc + (1 — fc — fb) X Tlf

Data Model

BDT(blc)

our work

08 1 0.8 1
BDT(bellf) BDT(bellf)

Pull Map

0.8 1
BDT(bellf)

Full range fits yield “inflated” b-jet fractions

e [f template mismodelling — Minor effect in If — large effectin b 0=

e Limited range fits to remove If effects

Clément LOTTEAU

50 < p,; <70 GeVic

©
™

Fit fractions

o1& ~ Full

0.14F
0.12F

0.18- ~+ Limited

0.1

0.08F

0.06F
0.04f

0.02F

our work

80 100 _' 120 140
;f:‘ (GeV/c)




e
2D template fits

Fit the model to the data — deduce the b-fraction fb
Todet = fo X To +fe X Te | | ANpjets _ dNincl X fo Limited range fits to mitigate inflation of b-fraction

+(1—fo—fo) X Ti¢ de, jet de, jet extraction from template mismodelling. Region chosen
where y?/bins ~ 1

Data Masked Data Masked Model Pull Map
~ ~ - ~ w 0.2
g g g g 5§ I
8 & 10 & 19 5 5 0.18 i

5 8 13 ] g : + Limited

= 0.16[
i ~+ Full
04| 0. 0.14
10° 10° 0.12 |

osf” 0. F il

0.1~ I
0.08-
0.4 0.4 0.4] r
10 10 0.06F
0.04
s OUr work g
0.02-

v 1 i | 1 1 1 3 1 . 1 1 1 5 0HlljLJH‘JJHMHJ.J‘JH‘
1 0 02 04 06 1 0 02 04 06 08 1 0 02 0.4 06 08 1 20 40 60 80 100 ‘120 140
BDT(bellf) BDT(bellf) BDT(bellf) BDT(bellf) ﬂ: (GeV/c)
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e
Partial template fits

RooFit package, Templates controlled via RooAddPdf Tmodel — fb X Tb + fc X Tc + (1 — fc — fb) X Tlf

Masked Data Masked Model Pull Map
102 . 102 .
our work A our work
I AT AT A e ) o T e e e b FFETI ATRTE AFRTATE RIS A e A
[ 0.2 0.4 0.6 0.8 BDT:DC"') 0 0.2 0.4 0.6 0.8 BDT:bcm) 0 0.2 0.4 0.6 08 - Ti‘bcm)
. . . . . 2 .
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e
b-jet cross section - computation

d? Gjet 1 d*Npjer

B dNpjets  dNincl X fo
dPT, jetdnjet Lint de, jetdnjet

with dpr et dPT, jet

e |niet| <0.5=0.9 - Rjet
° dejet= 5,5, 5,10, 10, 10, 20, 30, 40 GeV/c (width of the ijet bins)
e Lint=Ltvx *(59.4 /52.8) (correction based on 2023 luminosity and TVX luminosity reference in O2Physics)

e Nbjets was corrected three times: for unfolding, for |zvx| < 10 cm and for time-frame border of the TVX detector

dijets )
PT, jet

d]Vbjets . 1
dPT, jet ErecEkin

Unfold (Preco Nojets = Nojets / (€ Epjor .
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-
TVX and Zvix corrections
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b 1~ our work = {_N» o8 e
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e
Unfolding for detector effects 1/2
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gkin

kinematic efficiency

associated correction with
measured (truncated) and
unfolding (un-truncated)

kinematic regions
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e
Unfolding for detector effects 2/2

0 105 a - —e— R f
£ E . 2 05 —¢— Dacorshrencs
= s Irue reference ..E- 10 E —=a—— 5 iterations
- Horat E ferat
Bavesian o our work —— g%ﬁéﬁgag w - ZEE@EEESES
o= —+— 6iterati L ——e— 8iterations
y 10 = e £ — b
- = ——&— 9 iterations 10 E = ——— 11 iterations
. —— 10 taratons - —— iz
" | —_— iterations - 0 b "
unfolding L = - g
E —e— 14 iterations 103 E- e e 19::2::::3::
= T —a— 15 iterations E —o— 18iterations
~ — 13 !{era}!ons E ——=—— 19 iterations
- — —— iterations r ——=—— 20 iterations
—e— 18 iterati
and oo I, A )
E —=—— 20 iterations 10 E —_—
C = E -
refolding B i
10E 10 S —
- S 5
- L _
1 E 1 =
E (| LE 1 I | 11t L1 1 { I | | T | | | it O | | . | | | E 1 1 l 1 1 1 l 1 1 L l 1 1 L l 1 1 1 l 1 il 1 l 1 1 1
H - (] = (o] E
iterations 2125 812
31 i S 1A
s 1@ e R nememembos semrases _§ | - s
: 509 20.95
S VE 2 0.9
for SyStematICS 0.8 ; . . ; i . ; . T0.8E. ‘ ; , ; ;
0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140
ot .
p*' (GeV/c) p':‘ (GeV/c)
Clément LOTTEAU 43




e
Systematic uncertainties 1/3 - BDT selections

Random seed: changing the random seed while creating the training and testing
sets twice. Systematic = RMSE to nominal value

Hyperparameter variation: trying a different set of hyperparameters to train the
model. Systematic = RMSE from nominal value
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e
Systematic uncertainties 2/3 - Template fits and luminosity

Template fit range: Vary the fit range and compute the b-fraction. Systematic = RMS
to central value

Template shape: Build templates from independent MC. Systematic = deviation
from nominal value

Luminosity: unfinished Van der Meer scan — 10% systematic uncertainty assigned
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I
Systematic uncertainties 3/3 - Unfolding

MC closure test: Systematic = ratio between the test MC particle spectra and the unfolded
spectra

RooUnfoldBayes: the Bayesian method is repeated with different number of iterations.
Systematic = deviation from central value (iteration #8)

Method dependence: use Singular Value Decomposition (SVD) method. Unfolded spectrum
compared to the one from Bayesian unfolding. Systematic = deviation from unity in the ratios

Track reconstruction efficiency: related to reconstruction efficiency of ITS-TPC matched tracks.
Randomly selecting a % of reconstructed tracks in MC. The unfolded spectrum from the
response matrix is compared to the nominal values. Systematic = deviation from unity

Track momentum resolution: related to the use of track tuner for the MC samples. Changing the
Gaussian track pT smearing parameter from 1.5 to 1.2 and 1.8 then use them in response
matrix. Unfolded distributions compared to central distribution. Systematic = largest deviation
from unity
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Performance: proton-proton 13.6 TeV and O-O 5.36 TeV
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Better performance is also observed with the maximization of the significance:

00 5.36 TeV best > OO 5.36 TeV trained like pp13 > pp 13.6 TeV
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