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Introduction
Phenomenological equation of state

a) Hadron resonance Gas (HG)
b) Quark-Gluon Plasma (QGP)

3d ideal hydro simulations
a) dynamical trajectories of matter

b) collective flow
c) particle spectra

Non-equilibrium effects:
a) spinodal decomposition

b) fluctuations of the order parameter
c) critical slowing down and superc/ooﬁﬁg

Conclusions
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1+1-d models: Landau, 1953 — full stopping of produced fluid in Lorenz-contracted
volume; Bjorken, 1983 — partial transparency of colliding nuclei, delayed formation
of produced fluid at proper time;

2+1-d models (transverse hydro + Bjorken longitudinal expansion):
Kolb, Sollfrank & Heinz, 1999; Teaney, Lauret & Shuryak, 2001; Hirano, 2002;

Full 3+1d models (starting with cold nuclei): Harlow, Amsden & Nix, 1976; Stoecker,
Maruhn & Greiner,1979; Rischke et al, 1995; Hama et al. 2005;

Multi-fluid models: Amsden et al, 1978; Clare & Strottman, 1986; Mishustin,
Russkikh & Satarov, 1988; Brachmann et al, 2000; Ivanov, Russkikh & Toneev,
2006;

Hydro-kinetic models: Bass&Dumitru, 2000; Teaney et al. 2002001, Petersen,
Steinheimer, Bleicher at al. 2008. P ¥



P.d — pressure of ideal gas V,;=V~(0.5—2) fm’ Mg is determined from the
excluded volume  net strangeness neutrality

Chemical potential
for species i

Baryonic charge Strangeness

M :7[,,0,a),...,K,I_(,...(bosonS)—)iSNB =59
i=y B=N,AAZ,..(fermions) >i< N, =41

B = N,A,AZ,...(fermions) > i< N, =41
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B(u,T)=(N, +—N )— + )+
? 2 18 32477
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E(E2 2y {e I 41| +|le T +1| -
\ — parameters of the model
perturbative extracted from lattice data
correction
for u,d quarks for s quarks

T.(n=0)=165 MeV




PH(:uBaT):PQ(/JBaT)

Hadronic phase  Quark phase

unphysical phase diagram
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® AA data thermal fit

— §/B=5
—— 5/B=50
S/B=500
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solid lines - EoS-PT
dash lines - EoS-HG
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3D ideal € (GeV/fm’) t=0.00fm/c

E_lab=l 4
EoS-PT
b=7 £

reaction plane transverse plane




3D ideal hydro £ (GeV/fm') t=0.0fm/c
E lab=10 AGe 4

reaction

b=7fm




Au+Au,
E,=10 AGeV
EoS-PT, t=8 fm/c




3D ideal hydro € (GeV/frm?) t=0.0fm/c
E lab=10 AGeV 4

transverse plane
b=7fm
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Au+Au, b=7 fm
E IOAGV

E0S-PT, t=8 fm/c
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— E.,=10 AGeV
B Elab=5 AGeV
— E,,=2 AGeV
— E,,=1 AGeV

—— E,,=160 AGeV
- E|ab=80 AGeV
—— E,,=40 AGeV
— E,;,=20 AGeV

Au+Au,b=0
solid lines — EoS-PT
dashed lines — EoS-HG
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central Au+Au

— E,,=160 AGeV
— E,,,—80 AGeV
Elab:40 AGeV
Elab:15 AGeV
—— Eppp=6 AGeV

solid lines - 1F
dashed lines - 3F




O EoS-PT
O EoS-HG

Au+Au, b=0
Elab=1 0 AGeV

O EoS-PT
8 EoS-HG




I E|ab:40 AGEV
-_— Elab=20 AGeV
I E|ab:10 AGeV
I Elab:5 AGeV
— Elab:]- AGeV

mixed phase

O time (fm/c), EoS-PT
O time (fm/c), EoS-HG




Taub adiabates:

— EoS-PT
—— EoS-HG

o - initial state

0o - final states

Hon Yo
Elab =40 AGeV

No=0.15fm™
[4o=923 MeV




Au+Au, b=7 fm
Elab:]-O AGeV




— Eip=20 AGeV Au+Au, b=T fm — Ejp—80 AGeV
— Bip=10 AGeV solid - EoS-PT Eip=40 AGeV
— Ejp=5 AGeV dashed — EoS-HG




I
— Elab =20 AGeV

[ —— 10 AGeV

| —— 5AGeV

¥ €4 = 0.6 GeV/fm’®

® 0.4 GeV/fm®
* 0.2 GeV/fm’
A 0.1 GeV/fm®

Au+Au, b=7 fm
solid — EoS-PT
dashed — EoS-HG

—— Ey,, = 160 AGeV

- —— 80 AGeV
| —— 40 AGeV

B € = 0.6 GeV/fm’

® 0.4 GeV/fm®
® 0.2 GeV/fm®
A 0.1 GeV/fm®

Au+Au, b=7 fm
solid — EoS-PT
dashed — EoS-HG




Au+Au, b=7fm







—— EoS-PT, t(,=11 fm/c
—— EoS-PT, t(,=11.5
— EOS—HG, tf°=g.5
—— EoS-HG, t;,=10.5
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Protons
Au+Au, b=0
Elab=10-7 AGEV




Protons @ AGS-E917
Au+Au, b=0
Elab:10-7 AGEV

PT, t,=11fm/c
PT, 115
HG, 9.5
HG, 10.5




3D hydro calculations are important for understanding the
dynamics of the matter evolution and physical conditions.

Phase transition changes the intermediate-state dynamics but
observables of the final state are not very sensitive to it.

Calculations with EoS-PT as compared with EoS-HG show:
higher momentum anisotropy

at Elab~ 10-20 AGeV
broader nucleon rapidity distributions

Low energy program at RHIC and FAIR/NICA experiments may
help to find traces of the deconfinement phase transition

C



Incorporation of the realistic freeze-out effects: hybrid hydro-
cascade approach a la Bleicher&Petersen

Implementing non-equilibrium hadronization scenarios : explicit
dynamics of the order parameter, fluctuations, critical slowing down

Calculation of HBT radii
Study of photon and dilepton emission

Extension to higher energies by using fireball-like initial
conditions



