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1. Non-local kinetic theory

e Quantum correlation recast into nonlocal shifts, consistent conserving theory

e Unification theory of dense classical gases with Landau Fermi liquid
2. Nuclear collisions at Fermi energy

e Enhancement of midrapidity distribution and neck fragmentation
e anomalous velocity profiles, non - Hubblean expansion, squeezing modes

e 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

Hartree-Fock mean field Skyrme
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Nonlocal kinetic theory
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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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The time delay versus lab energies for different scattering angles.



A [fm/c]

20 —— I e ——
\\
)} ©=90’
:
3
H —— BonnA
10 - ﬂ‘ ---------- Bonn B :
’a Bonn C
! —— Paris (sep.)
|  —— Paris
0 —— -
20 140 260 380
3 m—————mm—m—m—m——————— 1
0
-1 L 4
2 - =180’ .
-3 L L
20 140 260 380
2
/21 [MeV]

The Enskog displacement parameter d versus lab energies.
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Ta + Au collisions at Ej,;/A = 33 MeV and 8fm impact parameter
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U (left), nonlocal (middle), nonlocal with quasiparticle renormalizations (right)
x, 1 - density cuts, charge density distribution vs. relative velocity [cm/ns].



Charge distribution vs. velocity T'a + Au at 33 MeV
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Central collision Sn+Sn at 50MeV
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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 ~ =3, v ~ 72

D. Prato and C. Tsallis, Phys. Rev. E 60 (1999) 2398
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FIG. 1. The one-jump distributions p,(x) for typical values of 4. FIG. 2. The g dependence of the dimensionless diffusion coef-
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left: density and currents; middle: trans. energy vs. trans./total; right: dark E > 0 escape, light £ < 0
K. Morawetz, P. Lipavsk'y, PRC 63 (2001) 061602(R)
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Squeezing mode T'a + Au at 33 MeV and 8 fm impact
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Nonequilibrium Thermodynamics

From distribution function local quantities (densities)
1

number  n(r,t)
current J(r,t) = Z P2 f(p,r,t)
kin. energy EK( r,t) p \ L

2m

Global variables/particle by spatial integration

kin. energy Ex(t) = /dI'EK< t)

Fermienergy  Ep(t) = / drE [ / / drn(r
rgr]szr(jrt,)j) / / drn(r, t
Meanfield Ut) = / dr (220 S:H ) / / drn(r, t)

Bin. correnergy Es(t) = FE- 2L;102 o+ o(T7)

coll. energy E.on(t) = [ dr




Temperature-independent plots

Fermi liquid temperature E(t) = $Ep(t) + Eon(t) + 4E7;(75)T(t)2

Pressure/particle

P = 3(Bx(t) ~ Ban) + 3Eu(0)+ [ (54 2} /[t

"Energy” : E(t) = Ex(t) — E.on(t) + U(t)

Equilibrium spinodal: temperature independent plot iso -nothing
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Dynamical trajectories
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Summary and prediction

e Nonlocal kinetic theory different nonequilibrium thermodynamics compared to BUU

e 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

e Predictions for reactions:

E[MeV] 25 33 [ 50 | [E[MeV] 15 | 33 |60
BNi+ JAu | S | CS|C(S)| BGd+2Z¥U | - | CS | C
129xe+ ggﬁsn CS|C(S) C 181Ta +%37Au CS|C(S)|C

e Fast surface eruption happens outside spinodal region
e For higher energies there is not enough time to rest at the spinodal, system decays before

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

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

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



