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Introduction

The study of strange hadrons plays a signif-
icant role in probing the hot and dense matter
formed in relativistic nuclear collisions at SPS,
RHIC and LHC energies. Enhanced produc-
tion of multi strange baryons(Y) are observed
recently which led to intense theoretical activi-
ties. The measurements of Ξ and Ω by ALICE
collaborations from Pb-Pb, p-Pb and p-p col-
lisions, respectively at

√
sNN=2.76, 5.02 and

7 TeV [1] for various multiplicities motivate
to carry out the present work. It is observed
that the ratios of the yields of multi strange
hadrons, Ξ and Ω to Pion increase with mul-
tiplicity like single strange hadrons. However
the productions of multi strange are enhanced
(compared to single strange with respect to
Pion multiplicity) when one goes from lower
multiplicity(dNch/dη) to higher.
In this work, the yields of Ξ and Ω are eval-

uated using SH-THIC(Strange Hadron Trans-
port in Heavy Ion Collisions), a numeri-
cal code developed at VECC based on the
frame work of momentum integrated Boltz-
mann equation or rate equation. The yields
are then normalised with thermal pions and
results are compared with experimental ob-
servations for various initial conditions. The
analysis has been done for the yields at var-
ious multiplicities from Pb-Pb collisions at√
sNN=2.76 TeV, LHC energy.

1. Formalism: evolution and rate

equation

The production of Ξ and Ω for a hadronic
medium is calculated from various hadronic
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interactions using following rate equations.

dnΞ

dt
= nΛnΛ〈σv〉ΛΛ→NΞ − nNnΞ〈σv〉NΞ→ΛΛ

+nΛnΣ〈σv〉ΛΣ→NΞ − nNnΞ〈σv〉NΞ→ΛΣ

+nΣnΣ〈σv〉ΣΣ→NΞ − nNnΞ〈σv〉NΞ→ΣΣ

+nK̄nN〈σv〉K̄N→KΞ − nKnΞ〈σv〉KΞ→K̄N

+nK̄nΛ〈σv〉K̄Λ→πΞ − nπnΞ〈σv〉πΞ→K̄Λ

+nK̄nΣ〈σv〉K̄Σ→πΞ − nπnΞ〈σv〉πΞ→K̄Σ

+npnp̄〈σv〉pp̄→ΞΞ̄ − nΞnΞ̄〈σv〉ΞΞ̄→pp̄

+nΩnK〈σv〉ΩK→πΞ − nπnΞ〈σv〉πΞ→ΩK

−nΞ

t

dnΩ

dt
= npnp̄〈σv〉pp̄→ΩΩ̄ − nΩnΩ̄〈σv〉ΩΩ̄→pp̄

+nπnΞ〈σv〉πΞ→ΩK − nΩnK〈σv〉ΩK→πΞ

+nK̄nΛ〈σv〉K̄Λ→KΩ − nKnΩ〈σv〉KΩ→K̄Λ

+nK̄nΣ〈σv〉K̄Σ→KΩ − nKnΩ〈σv〉KΩ→K̄Σ

−nΩ

t
(1)

where, nY is the number density, 〈σv〉ab→cY is
the rate of multi strange (Y) production due to
interaction of particles a and b, v is the relative
velocity between incoming particles. σ is the
cross section for a particular channel and cal-
culated by considering Lagrangians from [2–5].
For details, please refer[6]. Along with Ξ and
Ω, rate equations are also solved for K, K̄,Λ
and Σ simultaneously. As the system evolves,
the temperature falls. Here we have consid-
ered Bjorken hydrodynamics for the evolution
of the system. The evolution of baryon chem-
ical potential(µB) is also considered for the
sake of completeness although µB has less ef-
fect to the net production at LHC energy.
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FIG. 1: Yield ratio Ξ+Ξ̄

π
from 2.76 TeV Pb+Pb

collisions. The solid points with error bar are the

data points measured by ALICE collaboration.

The solid line is the result of theoretical calcu-

lation with initial condition for scenario-V.

TABLE I: Freeze out temperatures, TF for various

multiplicities for various scenarios-I, II, III, IV, V

dnch/dη Npart I II III IV V

Tf1 Tf2 Tf3 Tf4 Tf5

Ξ,Ω Ξ,Ω Ξ,Ω Ξ,Ω Ξ,Ω
1447.5 356.1 0.144 0.144 0.144 0.154 0.134, 0.145

966 260.1 0.142 0.144 0.144 0.154 0.141, 0.144

537.5 157.2 0.140 0.144 0.144 0.154 0.143, 0.143

205 68.6 0.132 0.144 0.144 0.154 0.137, 0.137

55 22.5 0.116 0.144 0.144 0.154 0.118, 0.118

Initial number densities, ni(TC) are the pa-
rameters and ni(Tc) < neq

i (Tc)). The sys-
tem is allowed to start evolving from TC=154
MeV[7], a value obtained from the first prin-
ciple calculation of quantum chromo dynam-
ics based on lattice computation. Various ini-
tial conditions are considered to analyse the
yield of Cascade and Omega at various multi-
plicities. Then the yields are normalized with
thermal pions as mentioned before. Various
scenarios (scenario-I to V)considered here are
tabulated in Table I.
Out of various scenarios, the one which ex-

plains both Ξ and Ω data reasonably well
is scenario-V. This is displayed in Figs. 1 &
2. The ratios of the yields of multi strange

baryons to Pion, Ξ+Ξ̄

π
and Ω+Ω̄

π
are plotted

against dNch

dη
. The solid lines are the theoret-

ical evaluations for scenario-V.
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FIG. 2: Yield ratio Ω+Ω̄

π
from 2.76 TeV Pb+Pb

collisions. The solid points with error bar are the

data points measured by ALICE collaboration.

The solid line is the result of theoretical calcu-

lation with initial condition for scenario-V.

2. Summary

The present work is a microscopic calcula-
tion for multi strange productions at LHC en-
ergies. Rate equations are used to evaluate the
yields for multi strange productions and com-
pared with data. Different chemical freezeout
scenarios are observed ruling out single freeze-
out of hadrons. Details will be explained dur-
ing the presentation.
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