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MOTIVATION: TRANSITIONS IN HYBRID APPROACHES

There are two critical transitions in hybrid approaches: the initial thermalization and final particlization. Both transitions give rise to challenges. For the final transition
negative contributions to the Cooper-Frye hypersurface have to be treated and in the initial state the assumption of local thermalization has to be verified. To investigate
both of these issues, a coarse-grained microscopic transport approach has been employed.

INTRODUCTION: THE PARTICLIZATION TRANSITION J METHODOLODY: HYPERSURFACE IN COARSE-GRAINED URQMD

Coarse-grained microscopic transport approach

Standard switching from hydro to particles, "Cooper-Frye formula” _ . , ..
Hypersurface of constant Landau rest frame energy density that mimics hybrid model transition

[ F. Cooper, G. Frye, Phys. Rev. D 10, 186, 1974 ]
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Construct surface ¢ (t, x, y, z) = ¢g using Cornelius [https://karman.physics.purdue.edu/OSCAR]

Example: E = 160 AGeV, Au+Au central collision, ¢y = 0.3 GeV/fm3
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Possible solutions to negative contributions:
1) Include feedback to hydro - great increase in complexity
K. Bugaev, Phys Rev Lett. 2003; L.Czernai, Acta Phys. Hung., 2005

2) Artificial corrections
S. Pratt, 2014, nucl- th1401.0136

3) Neglect them and violate conservation laws
nearly all present hybrid models do this

for details see P. Huovinen, H. Petersen, Eur. Phys. J. A48 (2012) 171
When is neglecting negative contributions justified?

N~ - from outside to inside
N - from inside to outside

Figure: Snapshot of surface, orange dots are particles crossing

What changes if we neglect them and how much? surface from outside to inside
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Lumpy surface can lead to huge negative contributions
this may happen in event-by-event studies
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COARSE-GRAINED 7#” STUDY: WHERE AND WHEN IS ISOTROPIZATION REACHED IN URQMD?

L . Toox—Tovl | Toy— Tzl 4| Tor—T . . .
E = 40 AGeV, Au+Au, b=0. Isotropization variable x = | Toox yy';)lxinyyfT‘;‘ zz= D] _ 0.15 isosurface, where TH is energy-momentum tensor in Landau rest frame.

Energy-momentum tensor is close to isotropization starting from some time moment f{y. The isotropy region increases with time at t > {j.
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t < ty = 10 fm/c - no isotropization t=11fm/c t=13 fm/c t =21 fm/c t =28 fm/c
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