
P. Castorina

Dipartimento di Fisica ed Astronomia

Università di Catania-Italy

XV Conference on Theoretical Nuclear Physics in Italy 
Pisa, April 20 – 22, 2016 

Universality of strange particle production 
in high energy 

proton-proton and heavy ion collisions
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Strangeness enhancement/suppression in high energy collisions
- statistical model

Strangeness correlation lenght and causality constraints 
in hadron production

The emergent, model independent, scaling behavior 
in strangeness production

Results



Statistical Model
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In the grand-canonical formulation of the statistical model, the mean hadron multiplicities are 
defined as
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First, a primary hadron yield                 is calculated using 
previous equations.

As a second step, all resonances in the gas which are unstable 
against strong decays are allowed to decay into lighter stable hadrons, 
using appropriate branching ratios (B) for the decay k → j published by 
the PDG. The abundances in the final state are thus determined
by
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1) Why is strangeness production universally 
suppressed in elementary collisions?

2) Why (almost) no strangeness suppression in 
nuclear collisions?

Universal behavior in 
Strangeness production



Canonical suppression
Statistical Thermodynamics in Relativistic Particle and Ion 
Physics: Canonical or Grand Canonical?
R. Hagedorn and K. Redlich 

Canonical aspects of strangeness enhancement
A. Tounsia, A. Mischkeb and K. Redlich hep-ph/0209284

not only V but also a strangeness correlation volume V_c:
strangeness conservation should be enforced not only 
exactly (canonical instead of grand canonical), but 
moreover on a local level, within a strangeness correlation 
volume Vc < V : the production of a single strange particle 
would require that of an antiparticle nearby, not somewhere 
in some large equivalent global volume V.

Exact conservation of strangeness





Canonical suppression  could be  not enough…

no canonical suppression



…. but it is in the data

If in pp the energy is large enough to produce fireball with a large number of particles
the  volume increases and the canonical suppression decreases 
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Dynamical origin of the strangeness correlation volumeV_c

It specifies a boost-invariant 
proper time  at which local 
volume elements experience 
the transition from an initial 
state of frozen virtual partons 
to the  partons which will 
eventually form hadrons

In a boost-invariant production scenario  one finds that the existence of a deconfined quark-gluon plasma 
is partioned into causally disconnected space-time regions,  with no communication possible between 
different regions. Hadrons produced at large rapidity arise through the confinement transition of a QGP 
fireball which is causally disjoint from a fireball leading to low rapidity hadrons∗ , and so one cannot expect 
strangeness conservation to occur through interaction between the relevant bubbles. The concept of a 
global equivalent cluster  thus cannot be applied here: exactly conserved quantum numbers have to be 
conserved within (smaller) causally connected volumes.
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one fireball - require that the spatially right-most point q_R at formation can 
send a signal to the spatially left-most point h_L at hadronisation; i.e., we 
require that the most separate points of the fireball can still communicate.



initial energy density

function of the scattering energy
through the initial energy density 
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MODEL DEPENDENT 

BUT : the size dependence suggests a universal MODEL INDEPENDENT  behavior 

Find the correct dynamical variable



The scaling law is obtained for

Versus

and is model independent 
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There is a model independent scaling
Of strangeness production with 
the transverse energy/transverse area



p+p @ 900 Gev





For a given strangeness enhancement/suppression in AA one evaluates
the pp collision energy to have the same behavior.



MODEL INDEPENDENT

Conclusions

Any model of the strangeness production has to explain
the observed scaling behavior

Transverse energy/transverse area



p-Pb



http://arxiv.org/abs/nucl-th/0305084



Causal viscous hydrodynamics in 2+1 dimensions for relativistic heavy-ion collisions
H. Song  and Ulrich Heinz

http://arxiv.org/pdf/0712.3715



Canonical versus grancanonical






