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Heavy—\-’\avour (HF) Probes

Small systems (pp & p-A)
o Test pQCD theory
o Reference for AA
collision

Nucleus-nucleus (AA)
o S’rudy QGP

fim/c = 3x10 second (s)
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ALICE
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HE in pp collisions

e Heavy quarks (charm and beauty) are produced in partonic scattering processes with large Q°

e The production cross section can be determined using perturbative QCD (pQCD) calculations.
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HF production vs charged-particle
multiplicity

3 Two component approach:

\\'\
—_— |\~ REMNANT)
1. Initial hard scattering process Cq?
e Relevant for heavy—ﬂavour HF quark production \ Bp _ W WG
/R BT DARNCLES

2. Underlving event (UE: | ,4% PR A o
Yn ol N N ) ,
4 ) ( =3 HRD Suepporss

| W J
e  Semi-hard Multiple Parton Interactions (MP) \ ) Qronnl TR TE
e Soft hadronic processes 4 ’r ~ SORT UNDRLYING
8 S | A& PRETICLES
Q Mu\’r\pl\d’ry—dependen’r measurements allow for s’rudy of \nTerp\ay between ] ENNANTS
soft and hard particle production mechanisms. from M. Laricaster (UeL)

3 Intriguing observation: multiplicity-dependent studies in small colliding
sys’rems show remarkable similarities with AA collisions - Nature Physws

volume 13, pages 535-539 (2017
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https://indicocernch/event/B13153/contributions/2721637/attachments/1535786/2405810/HighPtEraATLHCandRHIC pdf


https://www.nature.com/nphys

The ALICE Detector ®

ALICE

10 000 1,26 m long, 16 m high, and 16 m wide.
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Multiplicity Selection

Multiplicity estimators used to define event
classes:

° M\dmp\d\g( . number of reconstructed
tracklets in the two inhermost \ayers of the
S (OPD - detectors)

o Forward-rapidity : percentiles of the total VO
amplitude distribution, obtained by

summing the signals of VOA and VOC
detectors

ALICE



HF measurement in ALICE

ALICE
e Hadronic Decay Channel o Semi-leptonic Decay Channel
Charm -> lepton + X BR~10%
Open heavy flavour - D%(cw, D*(cd) and D(cs) Beauty > lepton + X BR~10%
Beauty -> charm -> lepton + X BR~9%
D’ - m K™ BR ~ 3.93 %
i —rtaT ~ 9.46 % . _
Wik POy Quarkoria Uiy >
Df — &(— K~ K™)r™ BR ~ 2.21%
y k~
y rec. track e,l

Primary BD
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dN" HF/dy

HF muon production vs charged-particle
multiplicity
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o HF vs multiplicity at Vs = 8 TeV at forward rapidity (Run 1 Data.
e EPOS - Is a parton model with many binary parton-parton interactions with each one creating a parton ladder.

Takes into account: 1) Initial state and; 2) includes hydrodynam\c evolution (Phys. Rev. C 89, 064903 (2014).



Rap\dh‘z dependence of HF production vs
charged-particle mulfiplicity
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HF electron decay production vs
charged-particle multiplicity
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HF electron decay production vs multiplicity at Vs =13 TeV at mid-rapidity
Falr agreement between the theoretical model and data
PYTHIA 82 (Monash 2013) - generate events in high energy collisions between elementary particle physics that comprise of a set of physics
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models for the evolution of few-body hard-scattering processes 1o a complex multi-particle final state (arXiv:1404.56300.



HF electron decay produc’r\on VS

ALICE

charged-particle multiplicity
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Comparison of measurements at midrapidi
(HF electron decay) and forward rapidity HF
muon decay).

Faster than linear trend observed

For HF decay electrons different trend is
observed, especially at low multiplicity as
compared o HF decay muons
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dN,, /dy

Inclusive J/p production vs

ALICE

charged—par’r\c\e multiplicity

~ Inclusive J/w, |y| =z (1.9, P, integrated

- SPD VO

— e = Data

==+ PYTHIA, prompt
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== PYTHIA H

e Inclusive J/y production vs multiplicity at midrapidity
at 13 TeV (Phys. Lett. B 810 (2020) 135758)

e Faster than linear increase of J/y yleld with
charged-particle multiplicity.

e PYTHIA8 is used to compare with data (EurPhysJC

79 (2019), 36).
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Summary

Results of measurements in pp collisions at Vs =7, 8 and 13 TeV have been shown.

A foster than linear increase \s observed in J/y production, HF muon and electron decay
production vs multiplicity.

A faster increase i1s observed in midrapidity than forward rapidity -> possible “auto-correlation’
effects due to the overlapping between pseudo-rapidity regions of HF measurements and
multiplicity estimator

Theoretical models including HF-production in MPI describe qualitatively the observed trends
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ALICE

Outlook ’@@

o HF muon production vs multiplicity at pp collisions in Vs = 5 and 13 TeV (Run 2 Data.
e The new Muon Forward Tracker (MFT) detector will contribute to distinguish between ¢ and b decay
muons.
e High Luminosity (HL-LHC) during Run 3 will introduce more physics opportunities:
3 Charmonia at low-p;, probe of deconfinement

Q Particle production in high-multiplicity events
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Colliding systems at the LHC

NN
2= 7 NN
[N

pp collisions: p-Pb collisions: Pb-Pb collisions:
o Test pQCD theories e 0 assess the role of o Study the QGP and its
e Reference for p-Pb and Cold Nuclear Matter properties
Pb-Pb collision (CNM) effects
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Heavy—\on collisions at LHC

Time evolution of Heavy lon collisions
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HE in pp collisions

e Heavy quarks (charm and beauty) are produced in partonic scattering processes with large Q°
e The production cross section can be determined using perturbative QCD (pQCD) calculations.
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e NLO (next-to-leading order) - model for calculating
the single inclusive heavy quark production cross
section.

e FONLL (Fixed Order + Next-to-Lead Log) - allows
one to calculate predictions for one-particle
Inclusive distributions of a heavy quark (charm
and beauty)

https//www-confkek jp/past/DISO6/ransparenciesMVGS/hfl-cacciaripdf
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Inclusive Single muon cross section

[Phys. Lett. B 708 (2012) 265)
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Muon Spectrometer o oo

To d . " on the trigger stations ALICE
L. O determine charge : :
To minimize background and momentum 5 by absorbing pions and
from light hadrons low momentum muons
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Absorber —
1 e | |
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point Station 1
Chambers 1 & 2
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Magnetic field of 0.7 T

Resolution ~100 MeV/c?
p > 4 GeV/c.

MSL: single muon low p. ( =z 0.5 GeV/c) To trigger muons of
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Heavy-flavour measurements in pp
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