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What’s flow?
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Hydrodynamic vs transport
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Zhang, Gyulassy and Ko, PLB (1999) 
using elastic parton transport.

Heinz, BES Workshop at LBNL 2014 
using viscous hydrodynamics.
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Question1: Flow in small system?



How to describe v2 in small 
system
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• 	  

•

A.	  Bzdak,	  G.L.	  Ma,	  PRL	  113,	  252301	  (2014)



Question2: v2 is independent 
with energy

PhysRevC.86.054908



AMPT parton level
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Final particle spectra

Hadronization (Quark Coalescence)

ZPC (parton cascade)

HIJING1.0:
minijet partons (hard),    excited strings (soft),  spectator nucleons

Extended ART (hadron cascade)
•
•
•
•



AMPT flow evolution
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Same result for transport model
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Collectivity

Random AMPT
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Hydro v2 vs. Escape v2
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Hadron v2 in different energy 
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v2 with different cross section
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Conclusion and outlook



Thank you!
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back up
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Hadron v2 in different energy 
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MPC model check
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MPC gives essentially the same results when taking a similar <Ncoll>

Time-dependence of 3 parton populations:  
 frozen partons, active partons, & all partons 

 

 



When will hydrodynamic 
dominate?
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σ =3mb σ =20mb

σ =40mb
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AMPT	  introduction
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Why	  AMPT?





Why do we use transport?
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Hydro

Pathlength-dependent  
energy loss

 



Summary of the comparison
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Parton-‐parton	  σ 3	  mb 24	  mb 60	  mb

Normal Random Normal Random Normal Random

<Ncoll> 4.6 5.6 14.2 23.9 19.9 37.8

v2 3.7% 2.4% 5.9% 2.6% 5.4% 1.8%

Escape	  contribution	  
to	  v2

65% 44% 33%

Hydro	  contribution 35% 56% 67%

Even	  at	  unrealistically	  large	  cross-‐section,	  the	  escape	  
mechanism	  contribution	  to	  v2	  is	  appreciable.

<Ncoll> final v2 before <Ncoll> before v2

Au+Au random 5.76 2.65% 5.8 2.7%

Au+Au normal 4.60 3.85% 4.5 3.9%

d+Au random 1.39 2.47% 1.9 2.5%

d+Au normal 1.15 2.65% 1.1 2.7%



Summary
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AMPT in parton level
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60fm-long box; 

shows only  
formed particles.

Beam axes

1st frame:  
right after the 
primary collision, 
only spectator  
nucleons are 
formed.

Particle # vs time
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A b=10 fm Au+Au event at 200AGeV from String Melting AMPT

Particles  
freeze out 
with ϕ-dependent  
escape probability, 

this dominates  
the final v2 
for collisions at  
relatively low 
<Ncoll>.

Beam axes

Our Picture of vn Development
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Z.-W. Lin, PRC90 (2014) 1, 014904 

AMPT describes data



30
L.W.Chen, C.M. Ko, Z.-W. Lin, PRC69 (2004) 031901 

AMPT describes RHIC



31J. Xu, C.M. Ko, PRC83 (2011) 034904 

AMPT describes LHC


