
P. Castorina

Dipartimento di Fisica ed Astronomia

Università di Catania-Italy

In collaboration with M.Floris, S.Plumari, H.Satz

5 - 12 July 2017

VENEZIA

EPS – High Energy Conference

Universal strangeness 

production and size fluctuactions 

in small and large systems



Enhanced production of multi-strange hadrons in 

high-multiplicity proton-proton collisions

ALICE Collaboration Nature Phys. 13 (2017) 535-539



Strangeness enhancement in pp at large energy :   unexpected result

Almost… 

Predicted in  P.C and H.Satz 

P.C.,S.Plumari and H.Satz

Universal Strangeness Production in Hadronic and 
Nuclear Collisions 1603.06529

Strangeness Production in AA and pp Collisions 1601.01454

https://arxiv.org/abs/1603.06529
https://arxiv.org/abs/1601.01454


What is the effect of QGP formation on strange hadron production in high energy 
collisions?

Muller, Rafelski 1982







Average multiplicity
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More refined analysis – in particular for high multiplicity pp events



AA



Glauber Montecarlo - ALICE



pp

Note that

A= effective transverse area
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Fluctuactions in the effective transverse area  :
L.McLerran,M.Praszalowicz,B.Schenke 1306.2350

A.Badak,B.Schenke,P.Tribedy,R.Venugopal 1304.3403

L.McLerran,P.Tribedy 1508.03292

L.McLerran,M.Praszalowicz 1507.0597



Different species





Conclusions

Universal behavior of strangeness production in pp, pA, AA

Dynamical variable

Fluctuactions in the effective transverse area 

For event with higher multiplicity – some difference between pA and pp

Relation with deconfinement – thermal variables

H.Satz’s talk at SQM 2017

Why? 1601.01454

1603.06529

P.C.,S.Plumari,H.Satz

https://arxiv.org/abs/1601.01454
https://arxiv.org/abs/1603.06529


J.Cleymans lectures 1+2

SM 1



In the grand-canonical formulation of the statistical model, the mean hadron multiplicities are 
defined as

Fireball 

volume

Number of

s or anti-s
chemical

potentials

Chemical Freeze –out

Temperature = hadronic

abundances get frozen

Strangeness

suppression





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

bsVT  ,,,



Fit statistical hadronization at LHC

J Stachel, A Andronic, P Braun-Munzinger, K Redlich arxiv:1311.4662



In elementary collisions, the clusters at rapidities sufficiently far apart are causally 
disconnected, so that they cannot exchange information. Hence strangeness must be 
conserved locally

Correlation volume for strangeness
Volume of the causally connected cluster

Canonical aspects of strangeness enhancement

A. Tounsia, A. Mischkeb and K. Redlich hep-ph/0209284

I Kraus, J Cleymans, H Oeschler and K Redlich

J. Phys. G: Nucl. Part. Phys. 37 (2010) 094021

Statistical Thermodynamics in Relativistic Particle and Ion 
Physics: Canonical or Grand Canonical?

R. Hagedorn and K. Redlich Z. Phys. C - Particles and Fields 27, 541-551 (1985)

Canonical suppression SM 2



Canonical suppression

The nature of V in elementary collisions is quite different from that in nuclear collisions and this can in 
effect lead to different behavior for strangeness production . 

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

arXiv:1310.6932

P.C. and H.Satz Causality Constraints on Hadron Production In High Energy Collisions

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

http://arxiv.org/abs/1310.6932






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.



Hadronization 

V = volume of the equivalent global cluster

In elementary collisions, the clusters at rapidities sufficiently far apart are, as we 
have seen, causally disconnected, so that they cannot exchange information. Hence 
strangeness must be conserved locally; in pp collisions, for example, each cluster 
must have strangeness zero.

In high energy nuclear collisions the equivalent global cluster consists of the different clusters 
from the different nucleon-nucleon interactions at a common rapidity. At mid-rapiditiy, for 
example, we thus have the sum of the superimposed mid-rapidity clusters from the different 
nucleon-nucleon collisions, and these are all causally connected, allowing strangeness 
exchange and conservation between the different clusters



SM 3 Fluctuactions in the saturation scale -CGC





SM 4 Glauber Montecarlo - ALICE

w=0 for Pb



SM 4 Glauber Montecarlo - ALICE


