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The measurement of beauty production in proton-proton (pp) collisions offers the possibility to
test predictions based on perturbative Quantum Chromodynamics (QCD) calculations, to inves-
tigate mechanisms of heavy-flavour fragmentation, and to provide a reference for corresponding
measurements in heavy-ion collisions. Thanks to the excellent tracking capabilities, measure-
ments with the ALICE experiment can assess beauty production down to low momenta. In this
document, recent measurements of the ALICE Collaboration on beauty production in pp collisions
at 4/s = 13 TeV are presented.
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Beauty production in small systems with ALICE at the LHC

1. Introduction

The investigation of beauty-quark production in high-energy proton-proton (pp) collisions

is motivated by several aspects. By measuring the beauty production cross section, predictions
based on perturbative Quantum Chromodynamics (pQCD) calculations can be tested [1-3]. In
addition, the measurement of the relative abundances of different b-hadron species allows to study
the mechanisms of heavy-quark fragmentation [1]. Finally, studies on beauty production in pp
collisions serve as a reference for corresponding measurements in heavy-ion collisions. Beauty
quarks are effective tools to probe the properties of the Quark-Gluon Plasma [3] created in ultra-
relativistic heavy-ion collisions. Moreover, non-prompt D mesons constitute the major source of
background for the measurement of the spin alignment of prompt vector D mesons, which carries
information about the magnetic field and the angular momentum in the initial stage of a heavy-ion
collision [4].
The weak decays of b-hadrons occur with long lifetimes of T ~ 450 um/c [5]. Consequently,
beauty-hadron decays produce a secondary vertex that is well displaced from the primary vertex
of the collision. This property can be exploited to identify beauty-hadron decay tracks by their
large displacement from the primary vertex. Within the ALICE Collaboration, lifetime-based
observables are utilised for the identification of beauty in several ways. Statistical methods are
applied for which the relative contribution of beauty signals is determined by template fits [2].
Further analysis methods entail the event-based identification of b-jets (“b-jet tagging™) [3] and
the machine-learning (ML) based selection of non-prompt charm hadrons [1]. Due to the unique
tracking performance of the Time Projection Chamber (TPC) and the Inner Tracking System (ITS),
the ALICE experiment [6] offers excellent capabilities to measure beauty production down to low
momenta. In these proceedings, an overview is given on recent ALICE measurements of beauty
production in pp collisions at 4/s = 13 TeV.

2. Results

The cross section for the production of electrons from beauty-hadron decays (“beauty elec-
trons”) has been measured using a statistical approach. Template fits to distributions of the trans-
verse impact parameter of tracks identified as electrons have been utilised to determine the relative
abundance of beauty electrons in different transverse momentum (pr) intervals. The ratio of the
beauty-electron cross section measured in pp collisions at v/s = 13 TeV with respect to results at
Vs =7TeV [7], 5.02TeV, and 2.76 TeV [8] are shown in Fig. 1. The data are compatible with
FONLL predictions [9] based on pQCD calculations with fixed-order and next-to-leading log accu-
racy. In addition, it was found that beauty electrons are the dominant contribution to heavy-flavour
electrons for a transverse momentum of pt > 5GeV/c.

The cross section of charged-particle b-jets has been measured as a function of the jet transverse
momentum (prch jer). Jets with a radius of R = 0.4 have been identified with the anti-kr algorithm
and b jets have been selected based on jet constituents with a large transverse impact-parameter
significance. As it can be seen in Fig. 2, the corresponding cross section measured in pp collisions
at /s =13 TeV is larger than the one measured at 5.02 TeV by a factor of two to six from low to large
DTchjet- The relative abundance of b jets to inclusive jets is compatible at the two collision energies.
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Figure 1: The ratio of the beauty-electron cross section for pp collisions at 4/s = 13 TeV to the corresponding
cross sections at 7 TeV [7] (left), 5.02 TeV (middle) and 2.76 TeV [8] (right) as a function of pt compared to
FONLL calculations [9].
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Figure 2: Comparison of charged-particle b-jet measurements for pp collisions at 4/s = 5.02 TeV [3] and
13TeV. The measurement at 5.02 TeV is corrected for the underlying event (UE) contribution to the jet
momentum differently from the measurement at 13 TeV. Left: the b-jet cross section as a function of prcp jet-
The additional normalisation uncertainties o, [15, 16] are quoted in the legend. Right: the b-jet to inclusive-
jet pr-differential cross-section ratio with the cross section of inclusive jet production at v/s = 13 TeV from
Ref. [17].

In comparison to the measurement at 5.02 TeV, the systematic uncertainties of the spectrum at
13TeV are smaller at low prch jet-

The first measurement of the fractions fyon-prompe Of non-prompt with respect to inclusive D and
D* mesons as a function of the charged-particle multiplicity has been performed in pp collisions at
/s = 13 TeV with the help of ML-based selections. The ratio of Jron-prompt for different multiplicity
ranges to the minimum-bias value is shown as a function of multiplicity (dN.,/dn) in Fig. 3 (left).
It exhibits a trend which, within uncertainties, is flat around unity, suggesting that fion-prompt does
not vary significantly with the multiplicity. The data are described by predictions of a Colour Glass
Condensate (CGC) parametrisation [10] as well as different tunes [11-13] of the Monte Carlo event
generator PYTHIA 8 [11-13]. However, predictions for the pr-differential ratio of the fraction of
non-prompt D mesons in high-multiplicity collisions to the one in minimum-bias collisions for the
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Figure 3: The ratio of fyon-prompt for different multiplicity ranges to the minimum-bias value for pp collisions
at 4/s = 13 TeV. The data are compared to predictions of different PYTHIA tunes [11-13]. Left: Jnon-prompt
ratio as a function of the charged-particle multiplicity (dNcn/d1n)|,|<0.5 for low transverse momenta (1 <
pr < 2GeV/c). Right: fuon-prompt ratio at high multiplicities, (dN¢,/dn) = 31.5, as a function of pr.

PYTHIA tunes Monash [11], CR Mode 2 [12] and Colour ropes [13] are in tension with the data
(see Fig. 3, right panel).

The pr-differential cross section for the production of non-prompt A} baryons is presented in

Fig. 4 (left). The A} baryon signal has been measured from the reconstruction of the decay channels
A} — pK? (K? — n*tn) and A} — pK™n*. The weighted average of the results is compared to
predictions based on FONLL for the beauty-hadron cross section in combination with PYTHIA 8
for the description of the H, — A} + X decay kinematics. For these predictions, the beauty-quark
fragmentation fraction of A} baryons measured by the LHCb Collaboration [18] and the fragmen-
tation fractions of B*, B® and B(S) [5] for e*e™ collisions were used. The production cross section
is described by the model calculations for pt > 4 GeV/c.
The pr-dependent cross-section ratio for non-prompt A} baryons and non-prompt D° mesons is
shown in Fig. 4 (right). Model calculations significantly underestimate the b-baryon production
relative to the b-meson production for pt < 4GeV/c. In particular, the b-baryon production is
enhanced with respect to model predictions that use f(b — A{)) from e*e™ collisions or implement
the branching ratio Ag — A} + X as reported in [5]. This deviation might indicate different hadro-
nisation mechanisms being at work in pp and e*e™ collisions and that further not-yet measured
beauty-hadron decays can contribute to the observed results.

The spin alignment of the vector meson D** with respect to the helicity axis has been studied by
measuring the diagonal spin density matrix element pgo for prompt and non-prompt D** mesons
via the reconstruction of the D** — Dz* (D® — K~ n*) decay channel together with its charge
conjugate. The element pgo has been deduced from the angular distribution [19]

dN

_ _ _ 2 n*
Toos & No [(1 = poo) + (3poo — 1) cos” 67|, (1)
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Figure 4: Measurement results of the cross section of non-prompt D mesons and non-prompt A} baryons
for pp collisions at 4/s = 13 TeV in comparison to predictions by FONLL and PYTHIA 8. The model
calculations are tuned to measurements in Ref. [5, 18]. See text for more details. Left: the pr-differential
cross sections. Right: the ratio of the cross section for non-prompt A} baryons to non-prompt D° mesons.
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Figure 5: The element pgg of the spin density matrix for prompt and non-prompt D** mesons as a function
of pr for pp collisions at 4/s = 13 TeV. The data are compared to predictions by PYTHIA 8 and EvtGen [20].
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where Ny is a normalisation constant and 8* is the angle between the momentum direction of the
DY (in the rest frame of the D**) and the helicity axis of the D**.

For prompt D** mesons, the measured element pgy is compatible with 1/3 and thus with no
polarisation of prompt D** mesons, as it can be seen in Fig. 5. On the other hand, the element pg
for non-prompt D** mesons is about 0.4 as expected for the decay of pseudo-scalar B mesons into
vector mesons. Both measurements are consistent with predictions by PYTHIA 8 in combination
with the EvtGen [20] decay package.

In conclusion, measurements for beauty-decay electrons, beauty jets, and non-prompt charm hadrons
by the ALICE Collaboration have been presented for pp collisions at y/s = 13 TeV. The main findings
can be summarised as follows:

* the production of beauty electrons is described by pQCD calculations;

* the ratio of the cross section of non-prompt A{ baryons to non-prompt D° mesons is well
described for pt > 4 GeV/c if the fragmentation fractions f(b — A[) measured by LHCb
are used instead of those from e*e™ measurements;

* the non-prompt D-meson fraction exhibits no significant multiplicity dependence;

 prompt D** mesons are observed to be unpolarised. Non-prompt D** mesons show significant
spin alignment, due to the helicity conservation in beauty-meson decays.

References

[1] ALICE Collaboration, JHEP 05 (2021) 220.
[2] ALICE Collaboration, JHEP 03 (2022) 190.
[3] ALICE Collaboration, arXiv:2202.00815 [nucl-ex]
[4] Yang-guang Yang et al., Phys. Rev. C 97 (2018) 034917.
[S5] P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. (2020) 083COI.
[6] ALICE Collaboration, JINST 3 (2008) S08002.
[7] ALICE Collaboration, Phys. Lett. B 721 (2013) 13-23.
[8] ALICE Collaboration, Phys. Lett. B 738 (2014) 97-108.
[9] M. Cacciari, M. Greco and P. Nason, JHEP 05 (1998) 007
M. Cacciari, S. Frixione and P. Nason, JHEP 03 (2001) 006.
[10] Ivan Schmidt and Marat Siddikov, Phys. Rev. D 101 (2020) 094020.
[11] Peter Skands, Stefano Carrazza and Juan Rojo, Eur. Phys. J. C 74 (2014) 3024.
[12] J. R. Christiansen and P. Z. Skands JHEP 08 (2015) 003.
[13] C. Bierlich et al., JHEP 03 (2015) 148.
[14] T. Sjostrand, S. Mrenna and P. Skands, JHEP 05 (2006) 026
C. Bierlich et al., arXiv:2203.11601 [hep-ph].
[15] ALICE Collaboration, ALICE-PUBLIC-2016-005.
[16] ALICE Collaboration, ALICE-PUBLIC-2021-005.
[17] ALICE Collaboration, Eur. Phys. J. C 82 (2022) 6, 514.
[18] LHCDb Collaboration, Phys. Rev. D 100 (2019) 031102.
[19] K. Schilling, P. Seyboth, and G. E. Wolf, Nucl. Phys. B 15 (1970) 397-412.
[20] D. Lange, Nucl. Instrum. Meth. A 462 (2001) 152-155.


https://link.springer.com/article/10.1007/JHEP05(2021)220
https://link.springer.com/article/10.1007/JHEP03(2022)190
https://arxiv.org/abs/2202.00815
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.034917
https://academic.oup.com/ptep/article/2020/8/083C01/5891211?login=false
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08002
https://www.sciencedirect.com/science/article/pii/S0370269313001275?via%3Dihub
https://doi.org/10.1016/j.physletb.2014.09.026
https://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007
https://iopscience.iop.org/article/10.1088/1126-6708/2001/03/006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.094020
https://epjc.epj.org/articles/epjc/abs/2014/08/10052_2014_Article_3024/10052_2014_Article_3024.html
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://link.springer.com/article/10.1007/JHEP03(2015)148
https://iopscience.iop.org/article/10.1088/1126-6708/2006/05/026
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202203.11601
https://cds.cern.ch/record/2202638
https://cds.cern.ch/record/2776672
https://link.springer.com/article/10.1140/epjc/s10052-022-10405-x
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
http://dx.doi.org/10.1016/0550-3213(70)90070-2
http://dx.doi.org/10.1016/S0168-9002(01)00089-4

	Introduction
	Results

