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Purpose of this study 

Construct a model to describe dynamics  
from low to high 𝑝T regardless of system size. 

Strangeness enhancement  
in small systems 

𝑇𝜇𝜈: Energy-momentum tensor 

𝐽𝜇:  Source term from partons  
       to the QGP fluids 

𝐺(𝒙 − 𝒙𝑖):  Smearing Gaussian function 

𝐺: Gaussian distribution 

Multiplicity dependence of 
strangeness enhancement 

well described in one  
framework 

𝜌𝑖(𝒙): Density distribution  
            seen from the 𝑖-th parton 

Fluidization rate 

Parton generation 
with PYTHIA 8.230 

Dynamical initialization 
with core-corona  

String fragmentation  
with PYTHIA 8.230 

Particlization  
from fluids at 𝑇ch  

Continuous 
change from 

hydro to 
fragmentation as 

increasing 𝑝T 
 

Dependence of 
turning point 

on system size   

Dynamical core-corona initialization 
           Interface between two pictures, partons and fluids  
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Pb+Pb: 𝑠𝑁𝑁 = 2.76TeV 
p+p: 𝑠𝑁𝑁 = 2.76TeV 

minimum bias  𝜋+ + 𝜋− 

Fragmentation from 
hard particles 

Collective  
   flow from    

   hydrodynamics 

High 𝑝T 
suppression 

Collectivity in 
small systems 

Interpretation of strangeness enhancement 
 for each system in one unified framework 

Traversing QGP fluids 

Hydrodynamic evolution  
of QGP fluids 

Surviving partons 

Fluids 

M. Okai et al. 
PRC 95, 054914 (2017).  

𝑝𝑖
𝜇 , 𝒙𝑖: Four momentum  

            and position of the 
            𝑖-th parton 

𝑝T,𝑖: Transverse momentum  
     of the 𝑖-th parton 

𝑑𝑁ch 𝑑𝜂 < ~100  

𝑑𝑁ch 𝑑𝜂 ≥ ~100  

Chemical- 
equilibrated  
matter limit 

String 
fragmentation 
limit 

Competition between 
string fragmentation and 

chemical-equilibrated matter 

Chemical-equilibrated 
 matter dominance 

✔ We developed a dynamical initialization model with core-corona picture  
 based on string fragmentation and hydrodynamics.  
✔ 𝑁Ξ/𝑁𝜋 increases with 𝑑𝑁ch 𝑑𝜂  and saturates above 𝑑𝑁ch 𝑑𝜂 ~100.  

Pb+Pb: 𝑠𝑁𝑁 = 2.76TeV 
p+Pb: 𝑠𝑁𝑁 = 5.02TeV 

p+p: 𝑠𝑁𝑁 = 7TeV 

T. Sjo strand et al., Comput. Phys. Commun. 191, 159 (2015). 

C. Bierlich et al., JHEP 1610 (2016) 139. 
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High 𝑝T in p+p 

Low 𝑝T in Pb+Pb 

Fragmentation 
dominance 

hydro dominance 

multiplicity large small 

Core Corona 

Continuous change of the picture 

The QGP fluids are partly produced and 
their fraction increases with 𝑑𝑁ch 𝑑𝜂  in 
small systems at the LHC energies.  

Need of continuous change  
from fragmentation to  
chemical-equilibrated 

matter 
as increasing multiplicity 

Towards unified description of 
 high energy nuclear collisions 

𝑎0: Core-corona parameter 
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