vHLLE, a code for hydrodynamic modelling of relativistic heavy ion collisions
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Abstract Numerical implementation
vHLLE solves the equations of relativistic viscous hydrodynamics in 3+1 dimensions using 9,(T" + 6T") = §" S—eometrical source terms
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propagated and mcludec! in the equation of state, making the code suitable for simulations of T \Zid ARCASSERRCAN , — Qid ,
matter expansion with finite baryon density. With the help of ideal-viscous splitting, we keep o o @ d.flux viscflux - source terms
the ability to solve the equations of ideal hydrodynamics in the limit of zero viscosities using Flnlte—vollume realization: |
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Equations to solve Then,split the equation into two parts|[1]:
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| @ Evolution equations for shear stress/bulk: E(Qi*d”*l — Q) + A—AFid — Siq  (using finite volume, HLLE approx)
@ Energy/momentum conservation: » 4 ] x .
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o Charge conservation: 0, Nj’ =0 w0 = —(I1 — Iys) /711 — ~[10.,u” Other techniques involved
Where 3 @ HLLE approximation to calculate fluxes /' between cells
@ linear reconstruction of Q" at left/right boundaries of a cell for second order accuracy in space
1 1 1 @ upwind/Lax-Wendroff method for the evolution equations for 7 and 11
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(p+10) i < > (2 aBp T S as) @ predictor-corrector (half-step) method for second order accuracy in time
2 e outflow (non-reflecting) boundary conditions via ghost cell method
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Coordinate transformations Viscous Gubser test .
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Vi 0 tefired e followe. Semi-analytical I-S solution from H. Marrochio Numerics:
ilne coordinates are defined as follows: et al, Phys. Rev. C 91, 014903 (2015)
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Effects of nonzero shear viscosity m, diagonal direction (XY)
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The code, as a part of EPOS3 [2], HKM [3] and vHLLE+UrQMD [4] hybrids, is applied for
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