
Dynamical constraints and signals of phase transition

Klaus Morawetz

1. Non-local kinetic theory

• Quantum correlation recast into nonlocal shifts, consistent conserving theory

• Unification theory of dense classical gases with Landau Fermi liquid

2. Nuclear collisions at Fermi energy

• Enhancement of midrapidity distribution and neck fragmentation

• anomalous velocity profiles, non - Hubblean expansion, squeezing modes

• Nonequilibrium thermodynamics iso-nothing plots

3. Critical summary: equation of state if no states?
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Saturation properties: 2- and 3-particle correlational energy
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Nonlocal kinetic theory
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Realistic shifts: K. Morawetz, P. Lipavský, V. Spicka, N. H. Kwong, PRC 59 (1999) 3052



Nonlocal shifts with realistic potentials

K. Morawetz, P. Lipavsky, V. Spicka, and N.-H. Kwong, Phys. Rev. C 59, 3052 (1999)

The shifts correspond to classical parame-
ter
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Ta + Au collisions at Elab/A = 33 MeV and 8fm impact parameter
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BUU (left), nonlocal (middle), nonlocal with quasiparticle renormalizations (right)
x, y - density cuts, charge density distribution vs. relative velocity [cm/ns].



Charge distribution vs. velocity Ta + Au at 33 MeV
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Central collision Sn+Sn at 50MeV

Simulation: modified QMD code of J.Aichelin
K. Morawetz, V. Spicka, P. Lipavsky, G. Kortemeyer, Ch. Kuhrts, R. Nebauer
PRL 82 (1999) 3767
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Radial dependence of velocity and density
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Radial dependence of velocity and density
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Universal Fluctuations Xe+Sn
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Interpretation in terms of Tsallis statistics n ∼ r−3, v ∼ r2

D. Prato and C. Tsallis, Phys. Rev. E 60 (1999) 2398

Anomalous Diffusion
M. Bologna, C. Tsallis, and P. Grigolini,
Phys. Rev. E 62 (2000) 2213
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Squeezing mode Ta + Au at 33 MeV and 8 fm impact
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Nonequilibrium Thermodynamics

From distribution function local quantities (densities)
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Global variables/particle by spatial integration
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Temperature-independent plots

Fermi liquid temperature EK(t) = 3
5EF (t) + Ecoll(t) + π2

4EF (t)T (t)2

Pressure/particle
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”Energy” : E(t) = EK(t)− Ecoll(t) + U(t)

Equilibrium spinodal: temperature independent plot iso -nothing
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Dynamical trajectories

Dynamical trajectories in nonlocal and local BUU (black) scenario for 129Xe on 119Sn at 25
and 50MeV lab energy, times steps from 20fm/c to 300fm/c

zero temperature mean field energy (thick line) and the pressure (thin line) in upper left
picture, temperature-independent plot in lower left
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Summary and prediction

• Nonlocal kinetic theory different nonequilibrium thermodynamics compared to BUU

• Two mechanisms of instability, exp.: H. Ngo et al. 1993 and TAPS Y. Schutz and et.
al., Nucl. Phys. A 622, 404 (1997)
simulation results: surface compression and spinodal decomposition

• Predictions for reactions:
E[MeV] 25 33 50
58
28Ni + 197

79 Au S C S C (S)
129
54 Xe + 119

50 Sn C S C (S) C

E[MeV] 15 33 60
157
64 Gd + 238

92 U – C S C
181
73 Ta + 197

79 Au C S C (S) C

• Fast surface eruption happens outside spinodal region

• For higher energies there is not enough time to rest at the spinodal, system decays before

• Prediction nicely confirmed by ∆-scaling of INDRA data
R. Botet et al., Phys. Rev. Let. 86, 3514 (2001)

• Nonlocal extension of BUU describes enhancement of high energetic spectra of protons
and the midrapidity charge distribution better

• Flow calculations by nonlocal BUU in better agreement with data (under preparation)


