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HIC Transport Models: Five Major Origins

8 Nuclear Mean Field Dynamics
@ Basic Element of Low Energy Nuclear Physics
@ TDHF — Vlasov — BUU
8 NN two-body (residual) interaction
@ Main Source of Particle Production
@ Boltzmann equation — Intranuclear Cascade Models
8 Partonic Interaction and String Decay
@ Main Source of high pT Particles at Collider Energies
@ JETSET + (previous) PYTHIA (Lund model) — (new) PYTHIA
#8 Relativistic Hydrodynamics
@ Most Successful Picture at RHIC
#8 (Classical Field Dynamics

@ Classical Gluon Field = Initial condition of Hydro. at Collider Energies
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Bjorken flow (1)
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Bjorken flow (2)
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Bjorken flow (3)
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Boltzmann FFEZC (1)
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Boltzmann FFEZC (2)
s LM
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Boltzmann J5#2z( (3)
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TDHF and Viasov Equation

# Time-Dependent Mean Field Theory (e.g., TDHF) m(‘?@d)z = ho;

# Density Matrix
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s TDHF for Denzsity Matrix
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(Ref.: Ring-Schuck)
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Test Particle Method

s Vlasov Equation

0f _ _oJ. “V UV f=
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# Classical Hamiltonian 2

hy (r. p)=5—+U (r, p)

8 Test Particle Method (C. Y. Wong, 1982)
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Mean Field Evolution can be simulated
by Classical Test Particles

— Opened a possibility to Simulate High Energy HIC
including Two-Body Collisions in Cascade
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BUU (Boltzmann-Uehling-Uhlenbeck) Equation

s BUU Equation (Bertsch and Das Gupta, Phys. Rept. 160( 88), 190)
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# Incorporated Physics in BUU

I,

@ Mean Field Evolution

@ (Incoherent) Two-Body Collisions

@ Pauli Blocking in Two-Body Collisions O/Tt

I,

O One-Body Observables (Particle Spectra, Collective Flow, ..)

X Event-by-Event Fluctuation (Fragment, Intermittency, ...)
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HIC Transport Models: Five Major Origins

8 Nuclear Mean Field Dynamics
@ Basic Element of Low Energy Nuclear Physics
@ TDHF — Vlasov — BUU
8 NN two-body (residual) interaction
@ Main Source of Particle Production
@ Boltzmann equation — Intranuclear Cascade Models
8 Partonic Interaction and String Decay
@ Main Source of high pT Particles at Collider Energies
@ JETSET + (previous) PYTHIA (Lund model) — (new) PYTHIA
#8 Relativistic Hydrodynamics
@ Most Successful Picture at RHIC
#8 (Classical Field Dynamics

@ Classical Gluon Field = Initial condition of Hydro. at Collider Energies
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Relativistic Hydrodynamics

8 EOM: Conservation Laws

0,T""=0 Energy Momentum Conservation
0, mu*)=0 Conservation of Charge (Baryon, Strangeness, ...)

" =(e+ Pu"u" — Pg""

e : energy density, P: pressure, | . .
ut :four velocity y(1,v), 5 | .
n; :number density =
) e O o
S
= tau=0.,6
_5 - -
T. Hirano, Y. Nara, NPA743, 305 (2004) ' ' !
T. Hirano, K. Tsuda, PRC 66, 054905(2002) -5 O 5
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FLOW AND HYDRODYNAMICS ANISOTROPIC FLOW

QM2012, Luzum

11/S FROM FLOW (HISTORICAL)

“Glauber” initial conditions “CGC7 initial conditions
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(ML & Romatschke, Phys.Rev. C78 (2008) 034915)

e Best extraction of /s by comparing viscous hydro to flow data
e Largest uncertainty from unknown initial condition J

MATT LUZUM (SACLAY) VIsCosITY OF THE QGP Br14472012 3720



Comarison of TDHF, Viasov and BUU(VUU)

8 CatCa, 40 A MeV
(Cassing-Metag-Mosel-Niita, Phys. Rep. 188 (1990) 363).




Heavy-Ion Collisions at Einc ~ (1I-100) A GeV

# Study of Hot and Dense Hadronic Matter
— Particle Yield, Collective Dynamics (Flow), EOS, .....

AGS

SPS




Hydrodynamics vs Transport

4 \/SNN <20 GeV — Transport model calculation seems to

explain v2 data.
s RHIC (& LHC) — Hydrodynamics is successful.
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