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Flow at 2-5 GeV: Constraints for the Hadronic EOS
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Danielewicz, Lacey, Lynch, Science 298 (2002) 1592-1596
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Flow at  AGS/Nuclotron =  Interplay of passage/expansion times

Passage time: 2R/(βcmγcm)

Expansion time: R/cs

cs=c√dp/dε - speed of sound



Flow at 2-5 GeV: Constraints for the Hadronic EOS
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Sensitivity of Au+Au collisions to the symmetric nuclear matter equation of state at 2 -- 5 nuclear saturation 

densities, https://arxiv.org/abs/2208.11996, D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran

https://arxiv.org/abs/2208.11996


Why do we need new measurements at BM@N?
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The main source of existing systematic errors in 𝑣𝑛 measurements is the difference between 

results from different experiments at the same collision energy.

A good measurement should be reproducible; in particular, it should be done in such a way that one can 

easily compare results from different experiments, using different detectors. 

For the sake of comparison with theory, an ideal measurement is a well-defined quantity that corresponds to 

a generic property of the system, closely related to an interesting theoretical concept. 

“Eliminating experimental bias in anisotropic-flow measurements of high-energy nuclear collisions”, Phys.Rev. C87 (2013) 4, 

044907/Matthew Luzum, Jean-Yves Ollitrault



What should we know about the directed flow (v1) and slope at 

midrapidity from the existing data
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What should we know about the elliptic  flow (v2) from the existing data 
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What should we know about the v3 and v4 from the existing data 
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HADES , https://arxiv.org/abs/2208.02740 
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Systematics of azimuthal asymmetries in heavy ion collisions in the 1 A GeV regime

Nucl. Phys. A 876 (2012) 1-60
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Systematics of azimuthal asymmetries in heavy ion collisions in the 1 A GeV regime

Nucl. Phys. A 876 (2012) 1-60
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Sideward Flow in Au + Au Collisions Between 2A 

GeV and 8A GeV,  Phys. Rev. Lett. 84, 5488 

(2000)
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FOPI: Nucl. Phys A 876 (2012) 1-60
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Scaling works for protons and charged pions  for published KAOS data 
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Scaling works for proton published  results from  KAOS and FOPI 
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E895 published results for protons: Scaling works at 2AGeV and breaks 

at 4AGeV  
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STAR published results for protons and deuterons : Scaling breaks at √s
NN

=3GeV 



R. Lacey, SUNY  Stony Brook
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Scaling with integral flow of charged hadrons. Will it 

work at √s
NN 

=2.2 GeV? (JAM mean field MD3)

In all plots k=0.025 and v2(int)  for 0.4<pT<2.0 GeV/c
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R. Lacey, SUNY  Stony Brook
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Scaling with integral flow of charged hadrons. Will it work at √s
NN 

=2.4 GeV for different colliding systems? (JAM mean field MD3)

Scaling  works for Au+Au and Xe+Cs(I) – general feature of the flow?  



R. Lacey, SUNY  Stony Brook
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Scaling with integral flow of charged hadrons. Will it 

work at √s
NN 

=3.3 GeV? (JAM mean field MD3)

Scaling starts to break – as the transition from out-of-plane to in-plane –

strongly depends on centrality 



STAR  BES-I and BES-II Data Sets
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“Change of  collective-flow mechanism indicated by scaling analysis of  

transverse flow “ A. Bonasera, L.P. Csernai ,  Phys. Rev. Lett. 59 (1987) 630 

The general features of  the collective flow could, in principle, be 

expressed in terms of   scale-invariant quantities. In this way the 

particular differences arising from the different initial conditions, masses,  energies, 

etc. , can be separated from the general fluid-dynamical features

“Collective flow in heavy-ion collisions”, W. Reisdorf, H.G. Ritter Ann.Rev. 

Nucl.Part.Sci. 47 (1997) 663-709 : 

There is interest in using observables that are 

both coalescence and scale-invariant.  …The evolution in  non-viscous 

hydrodynamics does not depend on the size of  the system nor on the incident 

energy, if  distances  are rescaled in terms of  a typical size parameter, such as the 

nuclear radius.  Momenta and energies are rescaled in terms of  the beam velocities, 

momenta or energies. 

The proposal to look for scaling relations and use them – is very – very old !!!!

Summary 



Summary
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BACKUP

26Nucleus-2022, V. Riabov for MPD@NICA
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