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Abstract.

Jet substructure is a powerful tool for testing QCD in elementary particle col-
lisions. The two-point energy-energy correlator (EEC), defined as the energy-
weighted cross section of particle pairs inside jets, is a novel jet-substructure
observable probing the correlation of energy flow within jets. In pp collisions,
the angular dependence of the EEC cross section shows a distinct separation of
the perturbative and non-perturbative regimes, revealing the partonic dynamics
of jet formation and the confinement of partons into hadrons. In these proceed-
ings, we present measurements of the EECs for inclusive jets in p—Pb collisions
at 4/syn = 5.02 TeV. By comparing our results to a measured pp baseline, we
study jet modification to probe for cold nuclear-matter (CNM) effects. Under-
standing modifications due to CNM effects is vital to interpreting EEC results
in Pb—Pb collisions and separating hot and cold nuclear-matter effects.

1 Introduction

We present measurements by the ALICE collaboration of a novel jet-substructure observable
called the energy-energy correlator (EEC) [1-3]. The EEC captures the correlation function
of energy flow inside jets. It is experimentally defined as an energy-weighted two-particle
correlation between pairs of particles inside a jet, as a function of the angular distance (Ry)
separating the pair. The energy-energy correlation function, Zggc(Ry), is defined as follows:
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Here, p;hjet refers to the total charged-particle jet pr. The sum runs over all particle pairs (i, j)

inside the jet. For each pair, an energy weight is calculated: pr;pr,;/ (p;l”et)z. The number
of weighted track pairs is counted as a function of the angular distance between both tracks,
Riij = \/(ga i — ¢i)? + (nj —n;)*. The angular bin width is A, and the EEC is normalized by
the total number of jets Ne;. Here, we present measurements of the EEC in p—Pb collisions

from the ALICE collaboration.

2 Inclusive measurement of EECs in p—Pb

Proton—lead collisions are different from pp events: the initial state is modified by the pres-
ence of a modification of the nuclear parton distribution function (PDF) relative to the proton
PDF. There is also the possibility of final-state effects, i.e. any effects occurring after the
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initial hard scattering. Studying EECs in p—Pb gives us a window into the interactions at play
in small collision systems and in cold nuclear matter.
The ALICE collaboration previously reported an inclusive measurement of p—Pb EECs

in jets in three pT et ranges, which are shown in Figure 1 [4]. The ratios of the p—Pb EEC

distributions to pp are shown in Figure 2. We see that in the lowest pChJet range, there is a

significant difference between EECs in p—Pb and pp. There is a distinct enhancement at large
Ry, and a suppression at small Ry. This modification is not visible for higher-pr jets.
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Figure 1. Zggc in p-Pb jets in three p; * ranges.  Figure 2. Ratio of Zggc distributions in p—Pb/pp.

It was previously found that nPDF models in PYTHIA do not reproduce this data [4].
Various theoretical models have emerged since then [5-7], suggesting explanations for the
measured enhancement in 20-40 GeV/c jets. To better discriminate between these models,
we can perform more differential studies in the data and investigate the dependence of the
p—Pb modification on pC et jet pseudorapidity, event activity, and track charge.

3 Differential studies
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Figure 3. Ratio of Zggc in p-Pb to pp, in 20—  Figure 4. Backward (1, < 0) to forward
27, 27-40, and 40-80 GeV/c jets. (Mjec > 0) Zggc ratio in 2040 GeV/c p-Pb jets.
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Figure 6. Ratio of charged EEC in
p-Pb to pp in 2040 GeV/c jets, for
like-sign and unlike-sign pairs.

Figure 5. ZXZggc ratio in 2040 GeV/c p-Pb
jets, in high- and low-multiplicity events (de-
termined by VOA multiplicity).

3.1 Modification in 20-40 GeV/c jets

To better understand the modification in 2040 GeV/c jets, we measured the EEC for jets in
narrow p;hje[ selections: 20-27 and 27-40 GeV/c. The results are shown in Figure 3. We see
that the p—Pb EEC differs from the pp in both intervals, but the modification is much stronger
in 20-27 GeV/c jets than in 27-40 GeV/c jets. Additionally, Figure 3 also shows the EEC in
pp and p—Pb for a combined 40-80 GeV/c pCThJel interval. We see that in this combined range,
there is no evidence for a modification of the EEC.

3.2 Dependence on jet rapidity

We can study how the EEC depends on jet rapidity. We construct the EEC for forward jets
(0 < njer < 0.5, Pb-going direction) and backward jets (=0.5 < mje; < 0, p-going direction).
The ratio Zggc ,<0/ZEEC 550 1S shown in Figure 4. Backward and forward EECs agree within
5%, showing no rapidity dependence. The dN/dn distribution in p—Pb is asymmetric due to
the asymmetric collision system [8], but it appears this does not affect the EEC.

3.3 Dependence on event activity

Next we consider forward multiplicity. The forward multiplicity is determined by the AL-
ICE VOA scintillator counter [9], which covers the full azimuth over 2.8 < < 5.1 on the
Pb-going side. The amplitude in the VOA hodoscopes is a measure of event activity in p—Pb
collisions. We define two classes, high-multiplicity (HM) and low-multiplicity (LM), as per-
centiles of the VOA amplitude. LM events are defined as all those below the 95% percentile,
and HM events as those above the 95% percentile. The EEC is separately constructed for jets
in each event class, and the ratio Zppd—3%V0A/ZEpd~100%V0A js shown in Figure 5. The EECs
agree within 5% for most of the reported Ry, range, indicating no event activity dependence.

3.4 Dependence on track charge

We can look at the dependence on track charge as well by building a charged EEC separately
from like-sign (Zggc*™™* and Zggc~ ") and unlike-sign (Zggct™) pairs. Charged EECs are sen-
sitive to the parton shower and hadronization mechanisms [10]. The charged EEC p—Pb/pp
ratios are shown in Figure 6, where we see no difference between like- and unlike-sign EECs,
suggesting no charge dependence either.
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Figure 7. Upper panel: Xggc in pp events simulated with PYTHIA, in jets with 2—6 tracks (orange),
7-10 tracks (pink), and 11 or more tracks (blue). The inclusive EEC is in black. Middle: ratio of
Yggc in jet multiplicity classes to the inclusive pp EEC. Bottom: Zggc ratio obtained by shifting the jet
multiplicity distribution to mimic p—Pb data, compared to a fit to the measured p—Pb/pp EEC ratio [4].

3.5 Dependence on jet constituent multiplicity

Finally, we show an instructive study using PYTHIA pp events. We separately construct
EECs based on the number of jet constituents, shown in Figure 7. We separate jets with 2—-6
tracks, 7-10 tracks, and 11 or more tracks. In the upper panel, we see a dramatic shift in sim-
ulated pp EECs due to the jet constituent multiplicity. This shift manifests as a suppression
at small Ry and a large enhancement at large Ry, seen in the middle panel. If we shift the
jet multiplicity distribution, redistributing 12% of jets to higher multiplicities, we can largely
reproduce the measured p—Pb EEC modification, as seen in the bottom panel. This suggests
a per-jet modification is not the only mechanism that might cause the measured modification
in inclusive p—Pb jets. A shift in the overall jet population can have a similar effect.

4 Summary

In this talk, we showed that the EEC for 20-40 GeV/c jets in p—Pb events shows a modification
relative to pp. This does not depend on jet rapidity, forward multiplicity, or track charge. We
present a simulation study suggesting that the p—Pb modification could come from a relative
increase in jets with larger constituent multiplicity. This differential exploration of EECs in
p—Pb expands on the previously measured modification and constrains theory explanations.
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