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The Hydrodynamic Problem

x (Given:

® Equationof:State
®  Produce:

n Evolution

x - (OPpSernvables



Problem Description

x Conservation of Stress-Energy:

x Effective Pressure Altered by Velocity Gradients:

H,E;-VS) = —nloin; + 0;n; — 6;;0knk] — (Oxng

x Rapid Longitudinal Expansion yields
Reduced Effective Longitudinal Pressure.




Israel-Stewart [Theory

x [srael-Stewart Allows Dynamical Effective Pressure.

x Deviations from NS decay: exponentially

i
e

(e

a? = nTs
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Features

x 3d Reflection Symmetry: (up to 8x speed up).
x Multiple Time Integration Methods.
x Optional Bjorken Expansion.

x 40A3 grid integrates in 2 hours.



Basic lesting

x [otal Entropy Conservation

x ~107

x Scales with Grid Density/Time Step.
x [est Problems

x Exponential Energy Density

x [ECHQM Standard Solutions (soon)



Exponential lest

x Energy Conservation:
9y G TH0 =g
A s e e e Cg)uou%
x Momentum
Conservation: O, TH = 0
(14 C?)e

[ g+ (14 Quoue = [uP(1+¢) -] &
0




Exponential Test (u)

Uo (32

R(1 + 3)(ug — ciu?)

x Separable for u: U =

x Analytically Integrable:

Tt = 5[k — (- Juva?+ ]

- x Byt not Invertible.




Exponential Test (u)

x Standard Collective
Acceleration:

U =

2

R(1 + ¢2)(u?

= Modified by longitudinal

expansion:

U =

2

UpgCy

5
Up

D
ciu

UgCq
— c2u?)
UoU | |
T R(1+c¢2)




Exponential Test (u)

Collective Velocity Evolution for Exponential Profile

Trans. w/ Exp.
Trans. no Exp.
Long. w/ Exp.

Exact Solutions




Exponential Test (€)

x \Ve could have instead solvead
conservation equations:-for energy-

x With no Bjorken expansion: € uug(l —¢c5)

e R(u?(1—c2)+1)

= \Vhich may be integrated:

x Or with Bjorken expansion:_

¢ Ug (1—cu (14 c2)ug

S

e uw(l-e¢2)+1 | R T




Energy Density lest

Energy Density Evolution for Exponential Profile

e Trans. w/ Expansion
m Trans. no Exp.
Long. w/ Exp. (x0.5)

Exact Solutions




Exponential Test (Tixp)

Anisotropic Pressure Evolution for Exponential Profile

Longitudinal Anisotropy

= Similar testing of the il Iransverse Anisotropy
VISCOUS deviations. | Exact Solutions

= For simplicity:

n=¢/4n




s the 3@ dimension necessary?

x Used Ideal EOS - constant sound speed.

S

S
= |nitial conditions:
x \Noods-Saxon; quick fit to TEGCHQM tests.

x Sharper Woods-Saxon in Eta.



Effects of (3+1) -
L ong. Velocity Gradient

Central Longitudinal Velocity Gradient

Tdu.dz- 1_




cffects of (3+1) -
Energy Density Profiles

Collective Velocity Profile: n=0 t=2.75 fm/c

2d Viscous

3d Viscous




Effects of (3+1) -
Energy Density Profiles

Collective Velocity Profile: n=0 t=6.75 fm/c

K 2d Viscous

3d Viscous

%
x%%
rx
V%

N
4




Effects of (3+1) -
Velocity Profiles

Collective Velocity Profile: n=0 t=2.75 fm/c

X 2d Viscous

3d Viscous




Moving Forward

® Significant progress has been made toward a (3+1)
dimensional Israel-Stewart code.

x Additional testing required
x [echQM tests
® Shocks (Travelto Frankfurt In Spring)
x | attice EOS (R. Soltz, J. Newby and A. Glenn).



