Experimental investigations of
relativistic hydrodynamics and
the ideal fluid scenario at RHIC

Yifei Wang
Uni Heidelberg

6/25/08 emmi seminar



Hydrodynamic evolution
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Equation of State

« Hagedorn resonance gas

(EOS H)
1.4 ;
» ideal gas of massless partons - n=0 fm =
(EQS I) Il
« first-order phase transition at o M
Tc = 164 MeV (EOS Q) > %9
Q o6t
- 0.4/
0.2t -7 .
N — . l
0 1 2 3

e (GeV/fm3)
*Ref. [1]

6/25/08 emmi seminar 3




Hydrodynamic spacetime evolution
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Initial state: pQCD + saturation

Boundaries of Mixed Phase between QGP and Hadron

Resonance Gas at Tc = 167 MeV are shown in colored curves
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Energy Density (Gvema)
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Energy density

* [nitial condition:
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Particle spectrum
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kinetic freeze-out Temperature
fits well with p,<1.5 GeV/c
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Particle spectrum
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The Blastwave Function
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Direct Flow
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Elliptic Flow (v2)
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Time evolution of anisotropy
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Centrality dependence
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Pt dependence
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Energy dependence
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HBT effect

Correlation function:
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Bose—Einstein correlations

"

PHENIX 2, Au-Au 200 GeV .
PHENIX 2. Au-Au 200 GeV

STAR 2r, 0-5% Au-Au 200 GeV ]
STAR 2r, 5-10% Au-Au 200 GeV 1

%

[+

;
;

Ryice (fM)

¥t 0N
R, (fm)

2 — 2 B
0 NP N S 0 P T | o
0 0.5 1 1. 0 0.5 1.5

k: (GeV/c) k; (GeV/c)
E 10 — T T v T 1 ] :E 2 T T ]
i » ]
2 8 - Es ]
0:2 - cc°1 5 —

-
lllll
o
L5}

%

- (<2}
L B B R
.

o
||||||I|l|||!|]|l||
;

&
Il ill

0 " " M M 1 " M L L
0.5 1

*Ref. [3]

(=

(=]
(=]
o
”

1.5 1 1.5
ky (GeVic) ky (GeVrc)

emmi seminar 18



Longitudinal expansion

Duration of expansion (lifetime) = of the
system can be estimated from the trans-
verse momentum dependence of R),,.:

Y. Sinyukov

r=06.,5—-8fim/c

for T; = 120 MeV
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Transverse Expansion
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HBT in CERES
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viscosity

e T [GeVl fm’)

1.264 L fore < e,
7 = . a0
£8 for e > e,

where e, = 1 GeV/ fm® and o5 = 10 mb.
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Figure 1. A comparison of the wviscous and mnviseid (Euler) solutions for a
Bjorken expansion with radial svmmetry. The mnitial conditions are from P. Kolb's
hydrodynamic model [9]. The equation of state is p = e, The viscosity is propartional
to the entropy 7/s = +. (a) The energy density multiplied by 7 for various times (h)
The flnid velocity for various times.
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In analogy
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FIG. 3: (Color online) n/s vs (T — T.) /T, for several substances as
indicated. The calculated values for the meson-gas have an associ-
ated error of ~ 50% [38]. The lattice QCD value 7. = 170 MeV [4]
is assumed for nuclear matter. The lines are drawn to guide the eye.
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summary

* Hydrodynamics model describes particle
spectrum well at low p,

» Effects like energy loss, particle correlation
Is applied to fit the results

* Anisotropy of the transverse spectrum is a
good evidence
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