Proceedings of the DAE Symp. on Nucl. Phys. 62 (2017)

940

Enhanced production of multi-strange hadrons in
proton-proton collisions
S. Sahoo1,3,∗ R. C. Baral2 , P. K. Sahu1 , and M. K. Parida3
1

2

Institute of Physics, HBNI, Bhubaneswar,
National Institute of Science Education and Research, HBNI, Bhubaneswar and
3
CETMS, SOA University, Bhubaneswar

Introduction
The production of strange hadrons in highenergy hadronic interactions provides a tool
to investigate the properties of quark-gluon
plasma (QGP) [1]. In fact, strangeness enhancement is proposed as a signature of QGP
formation in nuclear collisions. Ordinary matter is formed of up (u) and down (d) quarks.
The strange (s) quarks are not present as
valence quarks in a nucleon, but they may
be among the sea quarks in the form of
ss̄ pairs.As they are sufficiently light, they
can be created in large amount in high energy hadronic collisions. Strangeness is produced in hard partonic scattering processes
by flavour creation, flavour excitation and
gluon splittings. These processes tend to dominate the production of strange hadrons in
the higher transverse momentum (pT ) region.
The non-perturbative processes, like string
fragmentation, dominate the production at
low pT region. The relative yields of strange
particles to pions in heavy-ion collisions from
top RHIC (Relativistic Heavy-Ion Collider)
to LHC (Large Hadron Collider) energies are
found to be compatible with those of a hadron
gas in thermal and chemical equilibrium and
can be described using a grand-canonical statistical model [2]. In peripheral collisions the
relative yields of strange particles to pions
decrease and tend toward those observed in
proton-proton (pp) collisions. This behaviour
can be described by a statistical-mechanics
approach [3]. Statistical models implementing strangeness canonical suppression [4] and
core-corona superposition [5] models, can pre-
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dict a suppression of strangeness production
in small systems.
Recently, ALICE has published results on
strangeness enhancement in high-multiplicity
pp collisions [6].
In that letter, ALICE
has shown the multiplicity dependence of the
production of primary strange (K0s , Λ) and
multi-strange (Ξ, Ω) (with their anti-particles)
√
hadrons in pp collisions at the energy of s
= 7 TeV. It has shown that in pp collisions
the pT -integrated yields of strange and multistrange particles relative to pions increase significantly with multiplicity. The observed enhancement increases with strangeness content,
but not with mass or baryon number of the
hadron. To understand this behaviour we
have studied on the simulations, like AMPT
[7] and EPOS [8]. AMPT itself has two versions; default and string melting (SM). In default model the hadron production is dealt
by string fragmentation process and in SM,
there is a provision for deconfined quarks and
gluons and through coalescence model they
hadronize. EPOS is based on 3+1D viscous
hydrodynamic model. For the transport of its
hadronic medium, it uses UrQMD [9].

Results and Discussion
Fig. 1 shows the yield ratios of strange
hadrons to pions divided by the values measured in the inclusive
√ INEL > 0 pp sample, for
pp collisions at s = 7 TeV. There, ALICE
is showing a multiplicity-dependent enhancement with respect to the INEL > 0 sample
follows a hierarchy determined by the hadron
strangeness. The red solid lines show fitting
to the data by an empirical function [6] of the
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the ALICE results. In case of AMPT SM, the
model approaches the ALICE results. In case
of Λ, AMPT SM approaches to AMPT default
in the lowest multiplicity bin. Though EPOS
shows an enhancement of yields in high multiplicity events, still it lacks to distinguish the
behaviours of single strange and multi-strange
hadrons.
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FIG. 1: (Color online) Yield ratios of hadrons to
pions normalized to the values measured
in the
√
inclusive INEL > 0 pp collisions at s = 7 TeV.
The lines represent a individual fit of the results
with the empirical scaling formula in equation (1)
[6]. The open circles, open stars and open crosses
represent AMPT SM, AMPT default and EPOS
results, simultaneously.
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(1)
here a and b are free parameters and S is
the number of strange or anti-strange valence
quarks in the hadron. The results from AMPT
default model show the normalised Λ to pion
ratios has no effect of charge particle multiplicty, but in case of Ξ and Ω, the model shows
a little enhancement towards the high multiplicity events. Still it is not enough to describe

Though models can explain the yield enhancement of strange hadrons, yet they are
insufficient to explain the behaviour of multistrange particles. The models may not be
able to explain simultaneously the effects of
strangeness canonical suppression in low multiplicity events and QGP like effect in high
multiplicity pp collisions at LHC energies. To
separately study these effects we have analysed both experimental data and simulation
models at low energies and our results will be
presented in the conference.

References
[1] Shuryak E V., Phys. Rep. 61, 71-158
(1980).
[2] Cleymans J., Kraus I., Oeschler H.,
Redlich K. & Wheaton S., Phys. Rev. C
74, 034903 (2006); Andronic A., BraunMunzinger P. & Stachel J., Phys. Lett. B
673, 142-145 (2009).
[3] Hagedorn R. & Ranft J., Nuovo Cimento
Suppl. 6, 169-354 (1968); Becattini F. &
Heinz U. W., Z. Phys. C 76, 269-286
(1997).
[4] Redlich K. & Tounsi A., Eur. Phys. J. C
24, 589-594 (2002).
[5] Becattini F. & Manninen J., J. Phys. G
35, 104013 (2008); Aichelin J. & Werner
K., Phys. Rev. C 79, 064907 (2009).
[6] Adam J., ALICE Collaboration, Nature
Physics 13 (2017).
[7] Lin Z.-W., Ko C. M., Li B.-A., Zhang B.
& Pal S., Phys. Rev. C 72, 064901 (2005).
[8] Werner K., Guiot B., Karpenko Iu., &
Pierog T., Phys. Rev. C 89, 064903 (2014).
[9] Bass S. A. et al., Prog. Part. Nucl. Phys.
41, 255 (1998); 41, 225 (1998).

Available online at www.sympnp.org/proceedings

