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Studying the mechanisms for strange particle production with ALICE at LHC
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The main goal of the ALICE experiment is to study the physics of strongly interacting matter, focusing on the properties of the quark-
gluon plasma (QGP). The relative production of strange hadrons with respect to non-strange hadrons in heavy-ion collisions was historically
considered as one of the signatures of QGP formation. However, the latest results in proton-proton (pp) and proton-lead (p-Pb) collisions
have revealed an increasing trend in the yield ratio of strange hadrons to pions with the charged-particle multiplicity in the event, showing a
smooth evolution across different collision systems and energies.

We present the new studies which are performed with the aim of better understanding the production mechanisms for strange particles
and hence the strangeness enhancement phenomenon in small collision systems. In one of the recent studies, the very forward enerc
transported by beam remnants (spectators) and detected by the Zero Degree Calorimeters (ZDC) is used to classify events. The contributio
of the effective energy and the particle multiplicity on strangeness production is studied using a multi-differential approach in order to
disentangle initial and final state effects. In the second study, the origin of strangeness enhancement with multiplicity in pp has been further
investigated by separating the contribution of soft and hard processes, such as jets, to strange hadron production. Techniques involvin
full jet reconstruction or two-particle correlations have been exploited. The results indicate that the increased relative strangeness productior
emerges from the growth of the underlying event, being disconnected from initial state properties, and suggest that soft (out-of-jets) processe:
are the dominant contribution to strange hadron production.
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1. Introduction gluons (QGP). Strangeness enhancement was observed for
the first time at the SPS [4], then at RHIC [5] and later at the
Strangeness production is considered one of the importantyc (6] at increasing collision energies.
tools in the search and discovery of the primordial state of e ALICE experiment has also studied strangeness pro-
matter which existed a few microseconds after the Big Bangyction in different collision systems (pp, p-Pb and Pb-Pb) at
[1-3]. Rafelski and Muller [1] reported for the first time that gjferent collision energies [7—10]. The resultin Fig. 1 shows
the enhancement of the relative strangeness production coully; the ratio of strange to non-strange hadron yields in-
be one of the signatures of a phase transition from hadronigreases with charged-particle multiplicity, showing a smooth
matter to the new phase consisting of aimost free quarks angyolytion across different collision system and energies. It

— is also observed that the enhancement is larger for the par-
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FIGURE 1. Ratio of hadron yields to pion yields in different colli- €S presented here include the Inner Tracking System (ITS)
sion systems at different collision energies. and the Time Projection Chamber (TPC) which are used for
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FIGURE 2. Enhancement of baryon over meson ratio at intermeghatacross different collision system.

) .- ALICE Prefiminary 7] particle identification (PID) and tracking. Two forward de-
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FIGURE 3. = yields per trigger particle and per unit afyAg where the hard processes are characterised by large momen-
as a function of the charged-particle multiplicity produced at mid- tum transfer. The particles produced in the near-side jet re-
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FIGURE 4. Top: Multiplicity and effective energy correlation in PYTHIA 8 using VO and ZDC event classes. Bottom: Réafiyiefds
to the charged-particle multiplicity (self-normalized to INEDR) as a function of particle production at mid-rapidity, using VO and ZDC
standalone selections.
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FIGURE 5. Ratio of = yields to the charged-particle multiplicity (self-normalized to INED) extracted using VO-ZDC combined selections.
Left: Events are selected using VO event classes, fixing the multiplicity through the ZDC. Right: Events are selected using ZDC event classes,
fixing the multiplicity through the VO estimator.

leading particle of the jet, which is identified as the particlemultiplicity (in INEL >0) with multiplicity selected through
with the highest transverse momentum in the collision withboth VO and ZDC are shown in Fig. 4 (bottom plot). The
pr > 3 GeVk. The = yields per trigger particle and per figure clearly shows that the strange particle production in-
unit of AnAg¢ are displayed in Fig. 3 as a function of the creases with multiplicity independently of the estimator used
charged-particle multiplicity produced at mid-rapidity. The to classify the events. In other words, standalone analyses are
full and out-of-jet yields increase with multiplicity, while the not able to disentangle the initial and final state effects.
near-side-jet yields show a very mild to no dependence on To distinguish the initial and final state contributions to
particle production at mid-rapidity. Similar results are alsostrange particle production, VO and ZDC combined classes
obtained forK? yields. These results suggest that out-of-jetare exploited using two approaches. In one approach, the
(soft) processes are the dominant contribution to strange paevents are selected using ZDC percentile selections, fixing
ticle production in pp collisions. the multiplicity through the VO estimator in two classes (high
The fraction of the initial energy spent in the hadroniza-multiplicity class and low multiplicity class) shown in Fig. 5
tion process is known as effective energy. Due to the lead(right plot). In the other approach, the events are selected us-
ing baryon effect, there is a high probability to emit baryonsing VO percentile selections while fixing the effective energy
in the forward direction with high longitudinal momentum, through the ZDC estimator to two classes (high effective en-
carrying away a considerable fraction of the total availableergy class and low effective energy class) as shown in Fig.
energy. Therefore, the effective energy is always less thah (left plot). The figures suggest that there is no evolution
the initial collision energy [14]. In ALICE, the Zero Degree With the effective energy and the final-state multiplicity is the
Calorimeters (ZDCs) are used to reconstruct the energy of thdominant factor in strangeness enhancement.
leading nucleons and define the effective energy classes using
the relation By = Vs — Ej,>s. The events are classified 3 conclusions
in effective energy and multiplicity percentile classes, using
the ZDC and VO detector, respectively. Both Monte-CarloThe ALICE collaboration has performed studies for under-
simulation and data have confirmed that the effective energ¥tanding strange particle production in high multiplicity pp
and multiplicity are correlated. collisions. The results suggest that strange hadron produc-
Figure 4 (top plot) shows the simulation studies per-tion has no significant evolution with initial effective energy
formed using Pythia 8 event generator and it has been oland is driven by final particle multiplicity. Additionally, the
served that VO and ZDC based event classes have sensitivisfudy of strange hadrons in and out-of-jets suggests that soft
to multiplicity (final state) and initial effective energy. The processes are the dominant contribution to strange particle
self-normalized ratio of yields to the average charged-particl@roduction.
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