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Abstract. The early production of heavy-flavour partons makes them an excel-
lent probes for investigating the evolution of QCD systems. Jets tagged by the
presence of a heavy-flavour hadron give access to the kinematics of the heavy
partons and allow for comparisons of their production, propagation and frag-
mentation across different systems. Whilst traversing the quark-gluon plasma
(QGP), charm and bottom quarks lose energy through interactions with the
medium, at a different rate relative to light quarks and gluons. To constrain
the energy loss in the QGP, the nuclear modification factor of D-tagged jets is
measured in the 0-10% most central Pb—Pb collisions at /syy = 5.02 GeV/e.
The properties of charm fragmentation are also investigated in pp collisions at
/s = 5.02 GeV/c through measurements of the production and the momentum
fraction of the D° with respect to its jet.

1 Introduction

Heavy-flavour quarks are created in hard-scatterings in high-energy collisions. These heavy
quarks can lose energy via gluon radiation forming a parton shower. The original heavy
quark produced in this process finally hadronizes into a heavy hadron. ALICE is capable of
fully reconstructing the heavy hadron and using it to tag jets that originated from the hard-
scatterings and heavy quark parton shower.

In heavy-ion collisions, since heavy quarks are produced in hard scattering and, therefore,
in the early stages of the collision, they will experience the whole evolution of the system.
This makes heavy quarks ideal tools to study properties of the QGP in large systems.

2 Analysis methods and results

The D° meson is fully reconstructed through the hadronic decay channel D° — K~z* ex-
ploiting the particle identification provided by the ALICE detector[1]. The main strategy for
D?-jet reconstruction is the replacement of the D decay daughters by the 4-momentum vec-
tor of the reconstructed D°. After that, the D and charged particles in the event are processed
by the FastJet package for jet finding using the anti-k7 algorithm [2].

DY jets are fully corrected for reconstruction efficiency and detector effects. The contri-
bution of non-prompt DY, originating from the decay of hadrons containing bottom quarks, is
subtracted using POWHEG [3] simulations.
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Figure 1. D’-jet momentum fraction distribution measured in pp collisions at /s = 5.02 TeV. Vertical
lines and boxes are, respectively, statistical and systematic uncertainties [4]. Jet and D pr increase in
panels from left to right and R increases in panels from top to bottom. Data are compared to predictions

from models [3, 7-9].

The fraction of the D® momentum with respect to its jet is defined as zﬁh’m = [HI;:Ch‘JlZ‘
ch,jet

where jp and P jer are the momenta of the D° and the jet, respectively. Fig. 1 presents the
DP-jet momentum fraction in pp collisions at /s = 5.02 TeV for jet resolution parameters R
=0.2, 0.4, and 0.6 in four jet pr intervals.

The shape of the D’-jet momentum fraction for R = 0.2 is peaked around zﬁh’jel ~ 1 for

the first three jet pr intervals and minimum D pr. This changes in the largest jet pr interval
(15 < prenjer < 50 GeV/c), where the peak is not clearly defined. This is also a consequence
of the dead-cone effect [5, 6], which suppresses gluon emission at small angles. When the
heavy-quark energy becomes larger, the dead-cone angle becomes smaller and the effect also
gets smaller. For larger jet resolution parameters, the distributions are not dominated by larger
Zﬁh’jet because the jet recovers a large fraction of the gluon emissions. The measurements
are compared with POWHEG-hvq + PYTHIA 8, POWHEG-hvq is a generator for heavy-
flavour hadroproduction at next-to-leading order in QCD [7]; PYTHIA 8 HardQCD Monash
2013 [8]; and PYTHIA 8 SoftQCD Mode 2, which includes colour reconnection beyond the
leading-colour approximation [9]. The bottom panels in Fig. 1 present the ratios of the Monte
Carlo simulations to data and all models presented are in agreement with the measurements.
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The charm interaction with the QGP was studied by measuring the pr-differential yields
and nuclear modification factor (Raas) of Do-jets in central (0—10%) Pb—Pb collisions at

VSNN = 5.02 TeV.
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Figure 2. D°-tagged jet pr-differential yields in central (0~10%) Pb—Pb collisions at /syx = 5.02 TeV.
The red vertical lines and gray boxes are, respectively, the statistical and systematic uncertainties.

The D-jet pr-differential yields are presented in Fig. 2. The D° pr interval inside the
jetsis 3 < prp < 36 GeV/c. The jet resolution parameter is R = 0.3 and all D%-jets within
absolute pseudorapidity || < 0.6 were accepted.

The Ra4 is defined as the ratio of the pr-differential yields of jets in Pb—Pb and pp colli-
sions scaled by the number of binary collisions [10]. The D-jet Ry is presented in Fig. 3
and varies from 0.3 at jet transverse momentum pr between 5 to 8 GeV/c and grows as a func-
tion of the jet pr. The D%-jet Rx4 is compared to that of inclusive charged-particle jets with
R = 0.2, which is also compatible to the same measurement using R = 0.4. In the jet trans-
verse momentum region where both measurements are available (20 < prje < 50 GeV/c),
the inclusive jet Ran is systematically lower than D%-jet Ra, although compatible within
uncertainties in the interval 30 < prje < 50 GeV/c.

The comparison between D-jet and inclusive charged-particle can be sensitive to dif-
ferent contributions of quarks and gluons energy loss mechanisms. Mass dependent effects,
such as the dead-cone effect, can also play a role.
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Figure 3. Nuclear modification factor of D’-jets (red markers) and inclusive charged-particle jets (green
markers) in central (0—10%) Pb—Pb collisions at +/sxy = 5.02 TeV. Statistical and systematic uncer-
tainties are, respectively, presented as vertical lines and boxes.

References

[1] The ALICE experiment at the CERN LHC, ALICE Collaboration, K. Aamodt et al.,
Journal of Instrumentation 3 08 (2008)

[2] Fastlet user manual, Cacciari, Matteo and Salam, Gavin P. and Soyez, Gregory, The
European Physical Journal C 72, 3 (2012)

[3] Matching NLO QCD computations with Parton Shower simulations: the POWHEG
method, S. Frixione, P. Nason, and C. Oleari, JHEP 11, 070 (2007)

[4] Measurement of the production of charm jets tagged with DY mesons in pp collisions at
/s = 5.02 and 13 TeV. ALICE collaboration, ALICE-PUBLIC-2022-017 (2022).

[5] On specific QCD properties of heavy quark fragmentation ("dead cone’). Y. L. Dok-
shitzer, V. A. Khoze, and S. I. Troian, J. Phys. G17, 1602-1604 (1991).

[6] Direct observation of the dead-cone effect in quantum chromodynamics. ALICE Collab-
oration. Nature 605, 440-446 (2022)

[7] A Positive-weight next-to-leading-order Monte Carlo for heavy flavour hadroproduction,
S. Frixione, P. Nason, and G. Ridolfi, JHEP 09, 126 (2007)

[8] An introduction to PYTHIA 8.2, T. Sjostrand, S. Ask, J. R. Christiansen, et al., Comput.
Phys. Commun. 191, 159-177 (2015)

[9] String Formation Beyond Leading Colour, J. R. Christiansen and P. Z. Skands, JHEP 08,
003 (2015)

[10] Glauber modeling in high-energy nuclear collisions. M. Miller, K. Reygers, S. Sanders,
and P. Steinberg. Annual Review of Nuclear and Particle Science 57 205-243 (2007).



