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Neutron Star Crusts: EXxotic Shapes

p <1014 g/cm? al sub-nuclear densities: frustration
T= 0.1MeV

« Nuclear Pasta »

a) spheres
b) rods
c) slabs

d) cylindrical holes
e) spherical holes
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Pasta formation

astrophysical consequences:
* neutrino scattering
* electron scattering
* elastic properties of the crust

conhection with nuclear collisions
* fragment formation
* EoS sensitivity, asymmetry energy



The DYnamical \WAvelets in Nuclel Model

F. Sébille, V. de la Mota, S. Figerou

Heavy lon Collisions =~ €——> Neutron Stars

simulation of the dynamical processes

in inhomogeneous nuclear matter using

a large number of nucleons without any

assumptions on the structure of nuclear
matter.



Studying the behavior of matter in the crust:
interacting nucleons in a uniform electron background

initial condition:
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nuclear composites prepared self-consistently
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dynamical evolution:
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TDHF equation

time dependent one-
body Hamiltonian

c.s. expansion of the one-
body density matrix

equation of motion for
the basis elements

variational principle



evolution of wavelet centroids and widths:
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effective force:
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macroscopic properties of nuclear matter
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neutron matter

properties
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correlations between macroscopic properties
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neutron phase diagrams

Structure patterns in the p, <p>/p., plane
for different values of Q

structures characterization I srheres
Morphological B rods
Image Analysis slabs
sponges
bubbles
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influence of Q

stiffer force
favours spherical & sponge-like structures
restrains cylinder & slabs.
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Quantum Molecular Dynamics
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120\
O p, satisfies the condition: (M—/fl)) =0
(lp; pl'Lf

* p.*~independent of <p>

¢ classical sorting of structures

¢ different structures exist for the same <p> value: embedded
¢ sensitivity to isotope composition



synopsis: shapes vs Q at p,"f
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Summary and Perspectives

self-consistent dynamical description of matter has been performed

a small initial deposited energy permits to explore a landscape of meta-stable
structures with constant energy preserving the initial symmetries

the ordered standard types of pasta emerge naturally whatever the threshold density is

sensitivity to the asymmetry dependent term of the potential: the stiffer force
favours the occurrence spherical and sponge-like structures, restraining rods and slabs

effective force drawbacks: non-locality effects, spin-orbit, pairing
temperature: effects of varying T

inclusion of residual interactions in the dynamical description
dissipation: influence on pasta formation

?’ work in progress
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bonus ...

shear thermal
viscosity conductivity
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The Coulomb potential

——

protons

wavelet expansion of the
density

,0(1’) NZﬁi gi(r)

electrons O aiectron= QY

total density decomposition

potential decomposition

V4: direct term = « cut-off » analytic

V .
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protons

charged particles

electrons

Ve(r) =2 V{(r)

/0T=/0proton+/0electron

N m v

reciprocal term - solution of the Poisson equation with a FFT
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