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Heavy-flavour production measurements in pp collision

ALICE

Heavy flavour (charm, beauty), have large masses (m¢ ~ 1.3 GeV/c?, mp~ 4.2 GeV/c?)

> Produced at the early stages of the collision via hard-parton scattering

= Their production cross-section is calculated using the factorization approach:

doasSe =) fualxa, @) ® fiys(x, Q%) ® dossic(xa, b, @) ® Demsc(z, Q%)
a,b

Parton Distribution Parton hard scattering  Fragmention
Function (PDF) cross section Function (FF)

pp:

> Test pQCD calculations

>Reference for measurements in p-Pb and Pb-Pb
collisions

I>Study heavy-quark hadronization




A Large lon Collider Experiment (ALICE)
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The detectors shown above were relevant in the present study
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Hadronic decay reconstruction in ALICE

ALICE

Non-prompt Quarkonia reconstruction

HF decay leptons Hadron reconstruction
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Charm — lepton + X BR > 10% Charm mesons - D N ?G:P é?f 0
Beauty — lepton + X BR - 10% Charm baryons - AZ, Z¢' 7, Lo, Q¢

Beauty — charm — lepton+ X BR ~9%
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Studied at midrapidity . (|| < 0.9) : I—
B, D - e + X Studied at midrapidity (|n] < 0.9). Studied at midrapidity . (In] < 0.9)

B, D > u + X Studied at forward-rapidity (-4 < n < -2.5) Studied at forward-rapidity (-4 < ) < -2.5)



Production cross sections of leptons from HF-hadron decays

muons electrons
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> The measurement of HF-hadron decay muon production cross section performed at Vs = 5.02 TeV is compared to FONLL
calculations (left) and measurement of HF-hadron decay electron production cross section performed at Vs = 13 TeV is compared
to FONLL and GM-VFNS calculations (right).

> Data lie on the upper edge of the FONLL predictions for both observables. GM-VFNS calculation underestimates the cross
section at low p but describes the data within the uncertainties for pp > 5 GeV/c.

> Production cross section of HF-hadron decay muons at low p (< 4 GeV/c) probes mainly the charm production while at high
pt it mainly probes the beauty sector. 5
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https://doi.org/10.1007/JHEP08(2023)006

Charm and beauty quark production cross section N4

FONLL — Fixed Order Next to Leading Logarithms
NNLO — Next to Next Leading Logarithms
JHEP 10 (2012) 137)

Phys. Rev. D 105 (2022) L011103]

Phys. Rev. D 105 (2022) L011103]
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[> The measurement are compatible with pQCD theoretical calculations (FONLL and NNLO) on bb cross sections, for the ct the

results lies on the upper edge of the pQCD calculations. ;


https://link.aps.org/doi/10.1103/PhysRevD.105.L011103
https://link.aps.org/doi/10.1103/PhysRevD.105.L011103

D-meson production cross sections in pp collisions %%

arXiv:2308.04877v1 [hep-ex]
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> The measurements and their ratios are used to determine the charm-quark fragmentation fractions.

> The pp-differential cross section ratios do not show any significant dependence on the pt of the D mesons and no significant
energy dependence of the D-meson ratios in pp collisions.

> These results suggest a common fragmentation function of charm quark into D meson at different LHC energies. 7



Charged-particle multiplicity studies in pp %%

ALICE

Phys. Rev. D 108 (2023) 072008

Measurement of heavy-quark production as a
function of charged-particle multiplicity allows us to
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> Charged-particle multiplicity - the average number of charged particles , produced in a collision at a given energy
in a given rapidity range.


https://link.aps.org/doi/10.1103/PhysRevD.108.072008

Prompt meson-meson and baryon-meson ratios E

Phys.lett.B 825 (2022) 137065 > A¢ /DO ratio shows a multiplicity dependence, with an
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pr -integrated yield of A& and DO hadrons %%
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> Ratios of py -integrated yields of /\Er and DY hadrons as a function of charged-particle multiplicity in pp collisions at
Vs =13 TeV.

> The measurements show no significant dependence on multiplicity, suggesting that the increase in the baryon-to-
meson yield ratio observed in the measured pr range is due to a different redistribution of pt between baryons and

mesons, rather than to an enhancement in the overall baryon yield. "


https://doi.org/10.1016/j.physletb.2022.137065

Heavier baryon yield ratios to p?

ALICE

arXiv:2308.04877v1 [hep-ex]
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[> Baryon-to-meson ratios are underestimated by PYTHIA8 Monash by several orders of magnitude .

> PYTHIA 8 with CR-BLC models and the SHM-RQM do not reproduce the data correctly.

> Catania model describes the data well, while QCM underestimates the data by a lesser extend.
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HF-hadron decay lepton self-normalized yields

ALICE
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[> Stronger than linear increase at high pt for electrons and muons from heavy-quark decays with strong pr dependence
> PYTHIAS predictions with Monash tune are compatible with the results for heavy-quark electrons
[> EPOS3 tends to underestimate the heavy-quark muons self-normalized yields

[Comput. Phys. Commun. 191 (2015) 159]
[Phys. Rev. C 89 (2014) 064903]
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Self-normalized yields at midrapidity

JHEP 08 (2023) 006
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> The trend of the self-normalised yield of electrons in pp collisions as a function of self-normalised multiplicity is
compared with the same observables measured for J/ (left) and charged particles (right)

> These self-normalised yields allow a direct comparison of multiplicity-dependent production of different particle
species

[> A strong pt dependence is observed for electrons, with high- pr electrons showing a faster-than-liner increase as a
function of the self-normalised multiplicity 13


https://doi.org/10.1007/JHEP08(2023)006

Plans for Run 3

> More precise measurements possible for charm baryons and mesons

> Direct reconstruction of B mesons down to low pt possible due to :

= The improved resolution on the secondary decay reconstruction due
to the upgraded ITS detector

= The larger data samples that will be collected in all collision systems

[>Significantly higher statistics in Run 3

> Better multiplicity estimation at forward rapidity (MFT), higher
minimum bias statistics.

ALICE upgrades: arXiv:2302.01238, ITS: NIM 1032(2022)166632, TPC: JINST 16
P03022 (2021), MFT: CDS link, FIT: NIM 1039 (2022) 167021
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Conclusions

ALICE

[> The c€ and bb production cross sections measured at mid-rapidity from prompt and non-prompt D-meson results are
compatible with pQCD theoretical calculations (FONLL and NNLO) within uncertainties

> The measurement of the production cross section of muons from HF-hadron decays at forward-rapidity in pp at Vs = 5.02 TeV
and the production cross section of electrons from heavy-quark decays at mid-rapidity in pp at Vs = 13 TeV are also in agreement
with FONLL predictions.

>The pr -differential ratios of the measured charm-hadron cross sections suggest a common fragmentation functions of charm
into hadrons with and without strange quark content at different LHC energies.

> Charm baryon-to-meson ratios show pt dependence and a clear enhancement compared to electron-positron collisions,
disproving the assumption of universality of charm fragmentation fraction.

[> Ongoing measurements at 13 TeV will compare heavy-quark production cross sections of pp collisions at Vs = 13 TeV at

forward-rapidity to previous results at lower centre-of-mass energies and will provide information on HFM and multiplicity
measurements at forward-rapidity in ALICE, complementing existing measurements at mid-rapidity.

15
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Inelastic collisions can be classified as either diffractive or non-diffractive.

An interaction is said to be diffractive when there is an interaction between a proton and a Pomeron that produces a system
of particles

= A Pomeron is the colour singlet exchange carrying vacuum quantum numbers that mediate soft interactions

Non-diffractive interaction — There is an exchange of colour charge which leads to more hadrons being produced.

P> R

NSD = Non- diffractive + Double diffractive

P,

P,



Kinematic Variables and Observables

ALICE
> Pseudorapidity (n ) — the direction (polar angle) of the > Transverse momentum (pt ) - component of the
particle w.r.t to the beam axis. momentum perpendicular to the beam axis.
A Center-of Mass “Transverse” , Azimuthal
Xz-plane x-axis Scattering Angle xy-plane | yaxis Scam:x;:gnAngle

j

Proton
Pseudo-Rapid ity

‘2’ !>r| = -In[tan(@,,,)/2)]

.......’
AntiProtan z-axis

> Centre-of-mass energy (Vs ) - is the energy measured in the centre-of-mass reference frame.

> Multiplicity - the average number of charged particles , produced in a collision at a given energy in the center of mass system

20



D-meson production cross sections in pp collisions o

arXiv:2308.04877v1 [hep-ex]
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>The measurements of production cross sections for prompt D mesons at midrapidity at Vs= 13 TeV

> The measurements are used to determine the charm-quark fragmentation fractions

D> In the case of FONLL, the data systematically lie on the upper edge of the theoretical uncertainty up pr = 36 GeV/c, In the interval 36 < pp < 50 GeV/c, the data are
in agreement with the upper edge of the calculations

> The central values of the calculation in the GM-VFNS (GM-VFNS framework - General-Mass Variable-Flavour-Number Scheme (Eur. Phys. J. C72 (2012) 2082)
framework slightly underestimate the data in the low-(high-) pr region

> The kp-factorisation calculation is in good agreement with the data in the low-pt and intermediate-pt region. However, the ratio between the measurement and
the calculation is not flat as a function of pt, and the model prediction tends to overestimate the data at high pt

> These results suggest a common fragmentation functions of charm with and without strange quark content 21



Multiplicity measurement

ALICE
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Models

ALICE

> Colour Reconnection (CR) and Multi-Parton Interactions (MPI) — Frame works implemented in PYTHIA 8 simulations used
to reproduce the charged-particle multiplicity distributions measured at LHC. This mechanisms are important in describing the
stronger than linear increase in charm and beauty production with multiplicity.

> Colour Reconnection mechanism Beyond the Leading Colour approximation (CR-BLC) — They introduce new colour
reconnection enhancing the contribution that fragmented into baryons.

Conditions for colour reconnections:
= Invariant mass of string must overcome a threshold m0 C = mg;/m, > 1 : enhanced reconnections
= Causality: ColourReconnection:timeDilationMode =0, 2, 3: different options for restrictions on CR between systems with
relative boosts.
—>Mode 0, 2, 3: different QCD CR causality restriction (0 = none)

> Pythia program — Is a standard tool for the generation of events in high energy collisions. It is comprising a coherent set
ofphysics models for the evolution from a few-body hard process to a complex multiparticle final state.

> Cononical - Enesemble Statistical Hydronization model (CE-SH) — It include an additional baryon states predicted by the
Relativistic Quark Model (RQM)



The forward rapidity range of ALICE

ALICE

> The forward rapidity range of ALICE allows us to test pQCD predictions in region of small Bjorken x.

> Bjorken-x is identified to be a fraction of the proton momentum carried by a struck quark in a frame where the proton has
very high energy.

Me*v

NE

12 =
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Heavy-flavor production at forward-rapidity in pp at Vs = 13 %%
TeV with ALICE
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> Compare heavy-quark production cross sections of pp collisions at Vs = 13 TeV at forward-rapidity to previous results at
lower centre-of-mass energies (Vs =5 TeV and 7 TeV).

> Compare measurements to QCD theoretical models — FONLL and PYTHIA calculations.

>Measurements at 13 TeV will provide information on HF-hadron decay muons at forward-rapidity in ALICE, complementing

existing measurements at central rapidity.
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