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Theory
000

Fundamental equations of relativistic hydrodynamics

energy-momentum conservation
w
0, T =0

charge conservation of charge g
OuNj =0

normalised fluid 4-velocity

no_
uut =1

projector orthogonal to u*

AP = g — gt ¥
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Theory
@00

energy-momentum tensor and charge currents

energy-momentum tensor
TH = eyty?” — 2W YY) — (Peq + AR 4 h¥

charge 4-current of charge q

Ni = nqut + V!

Landau matching

€ =6€q Ng = Ngeq

choice of frame
™y, =eut = WH=0
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Theory
oeo

equations of motion

energy conservation equation

momentum conservation equations
(e + Peg + M)i* = VH(Peq + M) — ALO, T

charge conservation equations

ng = —ng — O, VY
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Theory
ooe

multiple conserved charges

Navier-Stokes limit

{B,Q.S} o
T =2t Vi = Y nqq/w?", N=—¢6
q/

Diffusion matrix gains multiple entries in multi component

description
charge diffusion” equation of motion
{B,Q,S} . {B,Q,S}
Z Tq/qu‘) - V; - Z ”q/qvui'/?
q q
{B,@,5} {8,Q,S} ,
= 3 Ve = N 6 OVEG 4]
q q
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concept

@ HYDRA is written in C+20

@ use of multiple conserved charges

@ reduction of redundancies

@ modularity of problem specific components

@ eventually performance increase
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Code
[ ]

functionality

Equation
of state

Velocity finding

Transport
coefficients

LRF
updating

Runner
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Transport coefficients
[e]e]e]e]

transport coefficients

inverse temperature and thermal potential

1 .
ieg w=g

total pressure

Nspec g
P=) P P=>5e"T*
; s
charge concentrations
Nspec Nspec

Cq—qu ’—quqIP

constant values for the following graphs

1
p1 = po =04GeV T =0.16GeV o4 = 0.01

fm?
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Transport coefficients
[ leJele]

transport coefficients
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Transport coefficients
[e] lele]

transport coefficients
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Transport coefficients
[e]e] o]

transport coefficients
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Transport coefficients

[e]e]e] )

transport coefficients
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Bjorken test

boost inveriance
system is boost invariant
along the z-direction
'r,~loﬂ

iydrodynomic Phase

Milne coordinates
description in hyperbolic

Region of
foa- vanishing

coordinates B st
baryon number aryon number
ds® = —dr? + dx* + dy? + 72dn? e
“Central plateou”
1 t+z taken from J.D. Bjorken, Phys.Rev.D 27
T=1/t2 - 22 n=—=In (1983), 140-151
2 t—2z

z
V, = —
t
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Bjorken test
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Riemann test

two different mediums
system consists of two

initially seperated - Rl —
mediums S
2,
1+1 dimensional 3
we only consider the :

x-direction of the system X/t

T1 =0.4GeV T, =0.2GeV
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Riemann test
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Riemann test
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Summary, Outlook

summary

Summary
e Implemented equations of motion from Fotakis et al [PRD
D106, 036009 (2022)] for relativistic mixtures in (3-+1)D
e HYDRA aims to be user-friendly through modularity, reduction
of redundancy and tries keep or even improve performance
e Investigated transport coefficients of a simplistic
ultrarelativistic, conformal mixture.
Outlook

e Calculate transport coefficients for massive and realistic
systems and make use of realistic EoS (e.g. lattice QCD) and
transport coefficients

e Investigate the effects of baryon diffusion and coupled-charge
transport
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Backup
[e]

kinetic theory

charge current
- N.
d3k' spec
W= [t e M= an
i i=1

energy-momentum tensor

, d3l?, . Nspec o

Hy v vo__

= i K TV =T,
=

expansion in irreducible moments

[e.e] Ah

~ i
Lo foq D0 D H ok kg Ky
I=0 n=0

fx = feq
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Backup
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Gubser test
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