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Abstract. Measurements of jet substructure observables in heavy-ion (HI) col-
lisions provide powerful constraints on the microscopic mechanisms of interac-
tions between energetic partons and the quark–gluon plasma (QGP). Although
there has been remarkable progress in measuring inclusive jet substructure, a
complete understanding of identified particle production inside jets (jet hadro-
chemistry) and its modification in HI collisions remains elusive. Jet quenching
models predict that the jet hadrochemical composition is modified in the QGP,
arising from both jet-medium interactions and altered particle production in the
jet wake. Measurements of jet hadrochemistry can help discriminate between
proposed jet-medium interaction mechanisms. Enabled by the excellent particle
identification (PID) capabilities of ALICE, we present the first measurements
of π, K, and p ratios within jets and the underlying event as a function of par-
ticle transverse momentum in pp and Pb–Pb collisions at

√
sNN = 5.02 TeV.

These measurements provide insight into soft particle production mechanisms
and helps distinguish various jet quenching effects.

1 Introduction
Jets are modified from a vacuum baseline through interactions with a QGP medium. Jets are
also expected to modify the medium itself by inducing a correlated medium response, result-
ing in an enhancement of particles in the jet-going direction, particularly at large angles [1].
Measurements of the internal structure of these jets (jet substructure) can constrain these
QGP-parton interactions. Many jet substructure measurements focus on inclusive charged
hadrons in jets [2], leaving knowledge of the identified particle composition of jets (jet hadro-
chemistry) and its modification in the QGP incomplete. However, AMPT simulations predict
that jet hadrochemistry can be modified in heavy-ion (HI) collisions due to parton coalescence
in the jet wake [3]. Conversely, theoretical calculations predict modified particle composition
due to enhanced parton splittings in the medium [4]. Therefore, jet hadrochemistry measure-
ments could be sensitive to hadronization mechanisms, modified jet fragmentation, and wake
contributions. In these proceedings, the ALICE collaboration presents measurements of the
K/π and p/π ratios in jets and the underlying event (UE) in pp and Pb–Pb collisions to probe
these effects.

2 Experimental Details
This analysis is performed on 0−10% Pb–Pb and minimum-bias pp collision data at

√
sNN =

5.02 TeV. In Pb–Pb, the jet pT is corrected for the average event-wise background with the
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pedestal subtraction method [5], requiring a jet pT after pedestal subtraction (praw sub
T, ch jet) of

60–140 GeV/c.
To remove remaining background constituents inside the jets, PID is performed on dif-

ferent particle sources, i.e. the measurement regions correlated to how a particle is produced.
These are then used to subtract the UE using the perpendicular cone method [6] in both pp
and Pb–Pb collision data. The jet cone particle source (JC) is defined as all particles inside
the reconstructed jet cones, i.e., both the jet signal and UE particles in the cone. The perpen-
dicular cone particle source (PC) consists of all particles inside R = 0.4 cones at ∆φ = 90◦

and ∆η = 0 from the jet axis. The inclusive particle production (without any jet requirements)
is also measured for comparison.

PID is performed via fits to the Time-Of-Flight (TOF) nσ particle hypothesis distribu-
tions. The raw particle yield as a function of pT is obtained by integrating these fits for
each species. Standard pT-dependent, bin-by-bin PID corrections (tracking efficiency, TOF
matching efficiency, and primary fraction) are then performed [7].

Before performing the subtraction, the particle yields are normalized by area, i.e.,
dρ

dptrack
T

=
1

Ntrig evt

1
Aacc

dN
dptrack

T

, (1)

where Ntrig evt Aacc is the total acceptance area for triggered events for each particle source,
and dN

dptrack
T

is the particle yield. The PC yield is used to compare the jet and UE yields and to
subtract the UE from the JC. Jets are more likely to be reconstructed on an upward fluctuation
of the UE such that the PC alone underestimates the JC background. A scaling factor (cUE bias)
is applied to the PC yields to correct for this effect. In pp data, the UE is small, so cUE bias = 1.
For a more detailed description of the analysis method, see Ref. [8].

The jet pT smearing from detector and background effects is much smaller in pp than
Pb–Pb due to the large UE in HI collisions. To enable comparisons between Pb–Pb and pp jets
at the reconstructed level, the pp spectra must have their jet pT smeared to Pb–Pb conditions,
which may also affect the particle pT spectra. To do this, the rate at which each pp praw

T, ch jet

interval contributes to the measured praw sub
T, ch jet interval in Pb–Pb conditions is determined. First,

random cones placed in inclusive Pb–Pb data events are used to obtain the distribution of
residual pure UE fluctuations after pedestal subtraction (δpT = Σptrack

T in cone−ρ∗Acone). The
effects of these pure UE fluctuations are then propagated to the jets by randomly sampling the
δpT distribution and the raw measured pp jet spectra to create a hybrid jet whose praw sub

T, ch jet is the
sampled δpT value plus the sampled pp praw

T, ch jet value. If the hybrid praw sub
T, ch jet is between 60-140

GeV/c, its associated pp data jet pT enters a response matrix. Normalizing this response by the
total number of hybrid jets gives the rate at which each pp data jet pT interval contributes to
these "Pb–Pb like" hybrid jets. The data pp particle spectra for each praw

T, ch jet interval are then
combined according to these fractions to produce smeared pp distributions, which represent
the expected Pb–Pb measurement in the absence of quenching. The effect of different detector
conditions between the pp and Pb–Pb datasets on the smeared pp jet pT is included as a
systematic uncertainty. The smeared pp spectra can be directly compared to the measured
Pb–Pb distributions after UE subtraction to probe the effects of jet quenching.

It is possible that jet background smearing could affect each track pT interval differently.
A systematic uncertainty for this effect is included in the folded result by widening the δpT
fluctuations by the variation of the jet energy resolution with track pT. The response matrix
is recalculated for each track pT with this wider δpT fluctuation distribution. For each track
pT interval, the measured data pp particle yield is then combined for each of these pp jet pT
intervals according to these fractions, giving an alternative smeared pp jet track spectra.
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3 Results

The inclusive and jet+UE spectra are given directly by dρinc

dptrack
T

and dρJC

dptrack
T

, respectively. The UE
and jet spectra are given by

dρUE

dptrack
T

=
dρPC

dptrack
T

cUE bias, (2)

dρJet

dptrack
T

=
dρJet+UE

dptrack
T

− dρUE

dptrack
T

. (3)

Figure 1 shows the π spectra and species ratios in pp collisions. The corresponding distribu-
tions in Pb–Pb collisions are discussed in Ref. [8]. The UE yields are observed to be denser
than the inclusive yields due to the jet pedestal effect [9]. The Jet+UE is dominated by the jet
portion, and the jet portion of the Jet+UE yields becomes fractionally larger as pT increases.
Similar trends are observed for the K and p spectra. The K/π and p/π ratios are lower in jets
than in the inclusive case, indicating that there is less baryon and strangeness production in
jets relative to inclusive production. PYTHIA describes the pp jet K/π and p/π ratios well.

ALI-PREL-605019

ALI-PREL-604636 ALI-PREL-604641

Figure 1. Top: The π spectra for inclusive, jet+UE, UE, and jet signal in pp collisions. Bottom: The
K/π (left) and p/π (right) particle ratios in jets and inclusive particles in pp collisions.

The comparisons between the Pb–Pb and smeared pp jet π, K, and p spectra are shown in
Fig. 2. There is a hint of enhancement of the low pT π yield and a hint of suppression of inter-
mediate pT π yield in Pb–Pb jets compared to pp jets. These conclusions corroborate previous
species-inclusive jet fragmentation modification findings [10, 11]. Hints of enhancement of
intermediate pT K and p in Pb–Pb jets compared to pp jets are also observed. The comparison
between the smeared pp and Pb–Pb jet species ratios is shown in Fig. 3. Hints of strangeness
and baryon enhancement are seen in Pb–Pb jets compared to pp jets. These results are the
first hints of jet hadrochemistry modification in HI collisions, qualitatively agreeing with the
enhancement of jet K/π and p/π in medium compared to vacuum predicted by theory [3, 4].

4 Conclusions
These proceedings present measurements of π, K, p production in jets and UE in pp and
Pb–Pb collisions. These results hint at increasing baryon and strangeness production from pp
jets to Pb–Pb jets, and then again from Pb–Pb jets to Pb–Pb UE. These results comprise the
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Figure 2. The π (top left), K (top right), and p (bottom) spectra in 0−10% Pb–Pb and smeared pp jets.

ALI-PREL-604771 ALI-PREL-604776

Figure 3. The K/π (left) and p/π (right) particle ratios in 0−10% Pb–Pb and smeared pp jets.

first hints of jet hadrochemistry modification in HI collisions and are in qualitative agreement
with theory predictions. The next step is to unfold both the pp and Pb–Pb jet measurements
to enable quantitative comparisons with theory, which could differentiate between jet hadro-
chemistry modification due to medium response and modified jet fragmentation. Also, the
PID particle pT range will be extended and the centrality dependence explored. Finally, a
differential analysis of the radial dependence of the jet particle ratios is planned, as the wake
response is expected to increase the jet hadrochemistry modification at larger angles [3].
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