Spinodal and dynamical instabilities

Piotr Bozek

IFJ PAN, Krakéw

SHIN(E), Kielce

Piotr Bozek Spinodal and dynamical instabilities



Phase diagram
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Nuclear matter liquid-gas transition
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Instability in Fermi liquids

Pethick, Ravenhall
linear response fo + of

0u0f +VoF — 8,,1‘0%VF i

instability 'y o< k for Ffyp < —1
Mw ~ =2(1+ Fo)vek
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Vlasov (BUU) equation

Ayik, Chomaz, Colona, Randrup

Dynamical model for HI collisions
'/_\/_v_\ f(x,p)

fo(p) + of (p, k)

De0f + %vaf — VoV U(p) =0

/\/\/\/ Dispersion relation

wi =il ox k

— molecular dynamics
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Multifragmentation

Intermediate energy HI collisions
» several intermediate mass fragments
» critical behavior
» liquid, gas regimes

> izospin effects
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Finite range of interactions

Ik
> U(p) = Ulg(r — ') x ()
» surface energy

> fragment size L3 ~ 1/k3,_.
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Quantum effects

k T
R Vlasov
RPA .
- » Quantum linear response
j » Larger fragments

K max k

also expansion, Coulomb interaction, nonlinearities, finite system,
relaxation. . .
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Spinodal multifragmentation
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Parton models

1200 T=100 Mev NJL model
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NJL EOS

Pressure
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Phenomenological parton model

Fit to lattice data

Mass=f(scalar density)
(Gorenstein Yang)

dV(m) -y / dp 21 (p)
) 12 — ,D:Z/dp—f(P) V(m)
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Phenomenological parton model

Rapid change of the mass

10

m(T)/T,
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Phase diagram

two solution of the gap equation
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Expansion

PPM

P m
Of + gV — ZUMV,f =0

f(poxt) = o (2l =t~ m(r o) )
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Dynamical instability

linear response

f=fy+0f
rkO(k
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Fragmentation in rapidity

100

=0.5fm/c for k=1.0fm/c

no filamentation
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numerical illustration
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Bulk viscosity instabilities, shock waves

Bulk viscosity around T,
Paech Pratt Instabilities in hydro. expansion

Mishustin, Torrieri
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p. fluctuations
| |
N, clusters |

Scaling of p; fluctua-
tions
Clusters!

r(r-1)/2 pairs
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[Instabilities and fragmentation ]

» Confirmed in nuclear liquid-gas transition
» QGP-hadron regime?
» Experimental indication?

» Is there anything besides hadronization?

Confinement !!
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