Wuiti-Faid Dynamics

Transverse Flow in 3-Fluid Dynamics
(AGS to SPS)

Yu.B. Ivanov and V.N. Russkikh

GSl&Kurchatov Inst. (Moscow)

CBM Workshop, Trento, May 29 - June 2, 2006



e Physical Input

e Dir. Flow

© Elliptic Flow

@ Excitation Functions

e 1st order tr.

e Summary



ﬂ HadroniC EOS (Galitsky&Mishustin 1979)
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P=4 Physical Input for Hadronic Scenario
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@ Hadronic EoS

@ Enhanced Friction
fitted to observed stopping power (i.e. proton rapidity distributions)

Function of 3 variables, dN /dy (y b7 Elab ) is fitted by function of 1 variable, gﬁ(s)!

@ Freeze-out: cq, ~ 0.2 GeV/fM?® (x 0.1 ceviim® at iy < 3A-GeV)
fitted to observed proton pr spectra

Funct. of 4 variables, (1/2wmy)d?N/dmydy(my,y,b, Ep), is fitted by 1 parameter e, !

@ Formation Time 7 = 2fm/c = 7paricle = 1 fm/c

fitted to observed pion production at Ej, > 30 A-GeV

O Tparticle < T = fdap 7'particle'Ypaniclef(p) /fd3p f(p) If T = 100 MeV, Tparticle =~ 1fm/c.
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dN /dy at midrapidity in central Au+Au and Pb+Pb coll.

Int. EoS soft, int. and hard EoS'’s
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g Directed Flow at AGS
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Data favor: int. E0OS (1A Gev) = soft E0S (4A Gev) = extra-soft E0S (8A Gev) = ?(SPS)

HSD, UrQMD, JAM: no softening required
HSD, UrQMD, JAM: “transition from hadronic to string matter’[1] = effective softening

[1] PK. Sahu, W. Cassing, U. Mosel and A. Ohnishi, Nucl. Phys. A672, 376 (2000)



g Directed Flow at SPS
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Dir. Flow

HSD: Cassing and Bratkovskaya, PR 308, 65 (1999); UrQMD: Bass et al., PPNP 41, 225 (1998);
JAM: Isse et al., PRC 72, 064908 (2005).

02 Pb+Pb (158A GeV) Pb+Pb (40A GeV)

Pions: no shadowing

= no anticorrelation
-0.1

Softening saturates: int. EOS (1A Gev)=- soft E0S (4A Gev)=> extra-soft E0S (E > 8A Gev)

HSD: “transition from hadronic to string matter” saturates

at top AGS energies
Initial stage is of prime importance for flow!

Int. EoS is good for “late-stage” and “stopping-power” observables.



P~4 Elliptic Flow at AGS

Elliptic Flow
oor 1 Dir. flow requires softer EoS

* 1 Elliptic flow — harder EoS
Similar to Danielewicz et al.,
1 Science 298, 1592 (2002)
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HSD, JAM: proper momentum dependence is of prime importance!



=4 Elliptic Flow at SPS
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Elliptic Flow

Pb+Pb (158A GeV)

Pb+Pb (40A GeV)

Pb#+Pb (158A GeV)

Pb+Pb (40A GeV)
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HSD, JAM: proper momentum dependence is of prime importance!

Early-stage nonequilibrium is important for

vz = ((pZ — p7)/p3)

because otherwise this momentum dependence is integrated over in EoS




ﬂ Excitation Functions of Flow
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@ Effective softening at initial stage is required
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by directed flow

“transition from hadronic to string matter” Sahu et al., Nucl. Phys. A672, 376 (2000)
Initial stage is of prime importance for flow!

observables .

\)

Proper momentum dependence is of prime importance for elliptic flow
which means that
Early-stage nonequilibrium is important for

3FD with int. EoS is good for “late-stage” and “stopping-power”



PP=4 Eos with 1st order phase transition
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1st order tr.
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m 2ph-EoS Preliminarily!!!

1st order tr.

Dynamic Trajectories for central box 4 fm x 4 fm x 4 fm/ycm

(Preliminary!)
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P~4 2ph-EoS Preliminarily!!!

1st order tr.

Directed flow (Preliminary!)
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P~4 2ph-EoS Preliminarily!!!

1st order tr.

Proton Rapidity Distributions (Preliminary!)
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2ph-EoS: variation of friction
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Hydrodynamics addresses Equation of State !
Simple hadronic EoS = Natural reference point

@ Simple hadronic EoS reasonably reproduces observables
(except flows).
@ Flows require a softer EoS and hence leave room for
phase transition to quark-gluon phase
Summary or “transition from hadronic to string matter” (HSD, UrQMD, JAM)

@ EoS with 1st order phase transition:

@ Phase transition starts too early!  (Au+Au at 5A GeV)
@ 2ph-EoS is too hard in hadronic phase

@ 2ph-EoS is too soft in QGP phase
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