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- Rigorous treatment of pasta phases in CLDM

- Stability of the lasagna phase
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Pasta appearance in the crust-core transition region

proton clusters in neutron gas = sharp boundary between two phases
with opposite charge

€ = Eputr(w) + AE(shape)

contribution from surface and Coulomb energy
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Fixed geometry !
E =0 atcell boundary

no interactions between neighboring clusters:

* Deformations ?
« Transition between different shapes ?
 Stability analysis of such structures ?



Development in other approaches to pasta phases
Hartree-Fock

Periodic boundary conditions

ng = 0.04 fm =3 ng = 0.11 fm =3

W.G. Newton '09

variety of structures...
not only rods and slabs

Temperature ?7?
Time-Dependent HF
Schuetrumpf "13



Development in other approaches to pasta phases
Molecular Dynamics

Q
Vn(r) ~e /A~ Zemm/A

r
- two body potential for pointlike particles
- 50 000 nucleons in a box
- temperature ~ 1 MeV

- periodic boundary
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Nontrivial structures in CLDM

Gyroid Double-diamond

Minimal surfaces:
- mean curvature H=0

- shape imposed — not derived

Nakazato '09

energy always greater than
for the “traditional shapes”




Rigorous treatment of shape variation
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any deformation or — 00
O(Epu +Ec +E5) =0

modified Young-Laplace equation

PP — PN = —90H + Ap (® — (D) p)
Kubis '16
Ap = py—p_ =en, — charge contrast

1
H = 5(/431 + K2) — mean curvature

mean curvature H prescribed by
pressure difference and the potential @



an example - instability of uncharged cylinder
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Pin_Pou — 5
¢ Reo

perturbed cylinder Ry — Rg + ¢
volume preserving deformation /e dS =0

526 =2 /((Ve)2 _ (524 k2) @)dS > 0

2 \
negative !
1
first unstable mode  —V?%¢ — ? e = 0 Jacobi egaution
0
e(z) ~ Sin(Qﬂ'Z/L) L — mode wavelength
wao > 1 liquid cylinder is always unstable

Rayleigh-Plateau 1878



Looking for nontrivial shapes - stability analysis

lasagna — the only one periodic

solution in the CLDM 3’_’, -
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52(gbulk: +&+E&s) >0
/0((Ve)2 — (k] + K3) €) + Ap (0,P € + 6. €)dS >0 Kubis 16

“Virial theorem”  £g = 2&¢ 6°E deos not depend on o, Ap
symmetry energy does not matter !

2 a - cell size
0°E(w,a,b,¢c) >0 b, c — mode wavelengths in y, z directions

only the geometry is valid !



Looking for unstable modes for the slab

2 > 2T 2 o
0°E =€M ¢ € — €; k,1 I-th face, k,/ modes numbers for z and y directions

normal modes of M — eigenvalues Ai(w, x) stability functions

modes in different
directions decouple
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2 : :
0°E >0 for any mode sizes and volume fraction !
the slab locally stable — no “decay” channel ?



Conclusions

- nontrivial shapes in CLDM described by
the extension of Young-Laplace equation

PP — PN = 20H + Ap (® — (D) p)
- stablility of charged cluster — nontrivial question

o(—=V?% — (k2 +r5)e)+Ap (0,P e+ 6.P) =0

- stability does not depend on symmetry energy

- lasagna phase is locally stable for any wavelength mode
and volume fraction occupied by the cluster
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