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Introduction

List ofvariety of viscous asymptoticallyperfect fluid solutions

Seltsimilarsolutionswere found
o ...l ralativisticregime T. Cs 6 rag/,20060885K . M. Csanad, Jahg IT. 3&6wyoe &zos
o ...I n -reladivisticregime G.K.,L.Esernaa n d T. ar®s2803.G5859

In the relativisticregime we havefound solutionso f
o ...| s {Stevealttheory:. T. Cs 6 rag@ 20060885K . :

- ..NavierStokesheory: M. Csanad, Jidhg IT. ewlyog @Z98
G.K,L.Eserna nd T. ar®s2803.65359

Solutionsabovewere found with different assumptionswith different symmetries
> {~ p,n~ pPA sphericallonly bulk), spheroidaj ellipsoidal
> (~nA spherical
o (={(p(t)) A sphericalspheroida] ellipsoidal(in prep.)
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Spheroidal Hubble-profile

Commonproperties of thesesolutions Hubble-flow

In this work we havespheroidalsymmetry.

Longitudinalscale Y'(¢)

Transversecale R(t)

~ R Y R
v (7 t) = (er’YTy’R )

Selfsimilarsolutions (O +1V)s=0
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Equations of Non Relativistic Hydro

Nonrelativistic hydrodynamics
AThesameeffectscanbe understoodin amuchsimplerformalism

AThebasicequationsof nonrelativistic, viscoushydro are fully clarified

on+ V(nv) =0

, . , |
Ove + V(e¥) +pVT = (VD) + 25| Tr(D?) - 3 (VU)2] ~ Localconservatiorlaws

Balanceeq. of entropy
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Equation of State

T. Cs 0 Akkdlin YH&8ma VB . Yubikyakovs |,

Toclosethe equationsystem Phys.Rev.67 (2003)034904,hep-ph/0108067

EoS e=(T)p . 3
p:nT G. Kasza, L.€sernaa n d T. 22C350685%hép;th]

Published inEntropy 2022 24(4), 514,
Erratumin: Entropy2022,24(6), 821

Relationshipto the speedof sound
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Equation of State
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K IS constant: Cg(T):(1+H—1)Z
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New, self-similar solutions

Selfsimilarsolutions productof ahomogeneouserm andarbitrary functionsof s

Vi
n(t,s)=ng(t)V(s) v n(t,s) =ng—V(s)
V Forconstantk we assume

T(t,s)=Tu(t)T(s) " Tut) =Tet)Dr(t)
p(t,s) =n(t,s)T(t,s)=put)V(s)T(s)

v (s )t(s)arendt independentfrom eachother, from Euleregs:

Homogeneoup: G=0 V(s) 1

LT

V(s) Multipole solutions

V' (s) > 1 T (s)
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Conditions to find exact solutions

Assumption ¢=((p), n=n(p)

If the pressureisinhomogeneous
- Conditiongto find exactsolutions (oxp nxp

- Parametrig rotating solutions partial diff. eqs arereducedto ordinarydiff. eqs

If the pressureis homogeneous
> Arbitraryfunctionsof p: ¢ =((p(t)) n=n(p(t))
- Parametri¢ multipole solutions partial diff. egs are reducedto ordinarydiff. egs
- Explicit,multipole solutionwere foundfor (xp, nxp

Sphericallysymmetric G.K., L. RCsernai  T. a&viv208.@359 (non-relativistio
T. Cs 6rag®:200860885K . : (relativistig

Spheroidallysymmetric (i 2 R Hopi€&ithout rotation)
Ellipsoidallysymmetric in preparation
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Spheroidally symmetric, explicit solution

Assumptiondor viscosities
¢(t,s) _mits) _plts)

If pressureis homogeneous } R(t) = Ro+ Ro(t—to),

If no rotation in the system Y (t) = Yo+ Yo(t —to), o m po
¢ T, Fstemperatureindependent constant
Thesolutionfor n(t,s) isknownfrom perfectfluid solutions Theviscositiesare
We canuse | | | carriedby:
TH(t) — Tp(t)DT(t) 0O a tgreperfectflwd 4G | 4no
Yy R fax dissipation) =t 30
Theenergyconservatiorbecomes £y = Co 4 4o
: : : .. Po  3po
Dr _{r Ro n &y Yo n Ery RoYo 4Co  8no
Dr ko R(t) koY(t) ko RY(t) §Ry = o
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Spheroidally symmetric, explicit solution

Thesolutionof the dissipativecorrectionis:

HpH

(35 ol ).

Forasymptoticallylate times Dy is constant:

Ery HpHy

Hy\ "o r-# H 2l
DT(t%OO):(H—;) o Hr Yexp(‘SR’{OR+‘£YROY)

Forlate time, D;doesnot affectthe time evolution

Thissolutiontendsto a perfect fluid solution:

Ta(t,s)=Ta0(Ko) (R%YO ) = T (s)

R2Y

Gabor Kasza, 06/ 12/ 2022
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Spheroidally symmetric, explicit solution
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Spheroidally symmetric, explicit solution

Explicitsolution with T dependent®

Temperatureequation
: LN\ 2 N 2
2RY§02RY dng ( R Y
T In(T — — —
[ (K )latn( H)+ =ty = (R+Y) +3p0(R Y)
We haveseenthat it canbe solvedanalyticallyif K is constant

Thereis anotherpossibility
d
dT
&:&% Ry _|_5Y Yo +£RY RoYy
DT KT R(t) KT Y(t) KT R(t)Y(t)

[%(T)T] = kT =constant A Conditionof findingexact analyticsolutions if K &(T)
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Spheroidally symmetric, explicit solution

Explicitsolution with T dependent®

Temperatureequation
: LN\ 2 N 2
2RY§02RY dng ( R Y
T In(T — — —
[ (K )latn( H)+ =ty = (R+Y) +3p0(R Y)
We haveseenthat it canbe solvedanalyticallyif K is constant

Thereis anotherpossibility

d o o
ﬁ [%(T)T] = kT =constant A Conditionof findingexact analyticsolutions if K &(T)
& o Er Ro Sy Yo Ery RoYo N Thesametemperature eq.
D+  rk+ R(t ke Y (t ke R(DY (1 asbefore, but with different

T T ( ) T ( ) T ( ) ( ) constantcoefficient
¢ A kS
0 T
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Spheroidally symmetric, explicit solution

Explicitsolution with T dependent®

Temperatureequation
: LN\ 2 N 2
2R Y (2R Y dng ( R Y
T In(T — — —
[ ( )lat nTw) 7 Ty pg(R +Y) +3pg(R Y)

We haveseenthat it canbe solvedanalyticallyif K is constant

Thereis anotherpossibility

RoY(1)\ *r Ha-fy ErHp Ro\ &y Hy Yy
o= (S) e [ () < ()|

Thesamesolution and asymptotic

ERY HHRHP}K
vy Hp—Hy behaviourasbefore, but with
Dp(t—o0)= | — e + : effici
7 ( ) ( HR) Xp( KT KT ) different constantcoefficient

q\0’4 I-(('\T
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Generating explicit solutions with k(T)

We constrainthe ¢ (T)function by the condition to find analyticsolutionsof hydrodynamics
Thepower of this method:

1) Provideswydrobasedparametrizationof lattice QCDE0S T. Cs 6 rag@/.,161G1219&dmy MScthesis

2) Works inrelativisticand nonrelativisticregimes R

10H = 1QCD paramelnization
- K
q

- KH
Hydro parametrization

e T =158 MeV
s chem

T=72.5 MeV

Lattice QCDEoScanbe utilized in explicit,
relativistic solutions

P kx  =7.08
Y chem
’ K =3.43
q

lcf=3;’2

9
8
7
6
50 e _j
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0
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Summary

New nonrelativisticsolutions mostly academicresults, focuson understandingand clarity
Newfamily of solutionsof hydro: asymptoticallyperfect fluid solutions
Seemgo be broad, openquestion how broadisit?

Theattractors are alsoknown, perfectfluid solutions

Relativistic NS/ISolutions perfectfluid attractor: T . C sGsearngi¥.Hamg T.KoddmaActaPhys.Hung.21(2004)73-84
Nonrelativistiq sphericalNSfireball, perfectfluid attractor: T . Qesti@alEug BPhys 2 (2004) 55665
Nonrelativistig spheroidalNSfireball, perfectfluid attractor: T. Cs 0 r g &hys.Rév.89 (2Gi14)4; 044901

Nonrelativistig ellipsoidalNSfireball, perfectfluid attractor: M. N a g y , Phys.RevdXl (@016)6) 064906
Commonproperty of this family: Hubbleflow

Explicit,viscous asymptoticallyperfect solutionswith lattice QCDEoShavebeenfound

Thankyouforyourattentioh
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Spheroidally symmetric, explicit solution

Onemore interesting propertyX

Forfixed attractor andkinematicshear bulk viscosity
A the kinematicbulk/shearviscosityis a nonrmonotonicfunctionof the initial temperature

A higherlimit for kinematicbulk and shearviscosity

kolao (o AHrHy Hy 4ng 2HRrHy Hy
> AH H 1 —_ — | H Hy — 1 —
e no [ Y g e P\ He )| e Y T Hy —Hr \Ha

Lowerlimit for ' wasfound by DanielewiczandGyulassy'k a B t K n

P.DanielewiczM. GyulassyPhys.RevD31, 53,1985
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Spheroidally symmetric, explicit solution

Non monotonic shearand bulk viscosityasfunctions of the initial temperature
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