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What are the basic degrees of freedom of 
theneutron-proton-electron matter at subnuclear densities?
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In-medium ion mass renormalization and lattice vibrations

M     =  M ���J����
(1- �J����ren �J= �Uin

�Uout

M       - bare nuclear mass
ren

M       - renormalized mass

Limiting cases:
1) M            M        (nucleus in a vacuum)
2) M             0         (uniform system)
3)   M            �J/2 M  (bubble)

ren

ren

ren

Plasma frequency: �Zp

�Zp
ren = 

�_�����J�_��
�����J��������������
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BCC Coulomb crystal
in the inner crust

P.Magierski, Int.J .Mod.Phys.E, in press

Lattice thermal energy
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Rc - Wigner -Seitz cell 
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- depends on temperature
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Quadrupole and octupole
excitation energies in the 

inner  crust

Plasma frequency

Typical values of 
pairing gap

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



Spher ical symmetry breaking
due to the coupling between lattice and

nuclear  vibrations. .
.

..
. .

.
..

.
.spher ical nuclei

deformed nuclei

Nuclear  quadrupole excitation 
energy in the inner  crust

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



�6
l,m

Specific heat per ion

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



Contributions to the specific heat of the inner crust

Evaluation notes were added to the output document. To get rid of these notes, please order your copy of ePrint IV now.



Contributions to the specific heat of the inner crust
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Structure of the bottom of the inner  crust �����Ä�S�D�V�W�D�´��phases
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Skyrme HF with SLy4, P. Magierski and P.-H. Heenen, Phys.Rev.C65,045804 (2002)
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Skyrme HF with SLy4, P.Magierski and P.-H.Heenen, Phys.Rev.C 65, 045804 (2002)
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Skyrme HF with SLy4, P.Magierski and P.-H.Heenen, Phys.Rev.C 65, 045804 (2002)

Energy difference between the spher ical phase and the �µ�V�S�D�J�K�H�W�W�L�¶��phase: 
Energy difference between the spher ical phase and the �µ�O�D�V�D�J�Q�D�¶���S�K�D�V�H:   ........
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What is the or igin of these oscillations?
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Quantum Corrections to the GS Energy of Inhomogeneous NM

The Casimir energy for  various phases. 
The lattice constants are:
L=23, 25 and 28 fm respectively.
u   �¦ anti-filling factor

slabs tubes

bubbles
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The Casimir energy for the displacement of a single void in the  lattice
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�‡ There is a substantial renormalization effect of a nuclear /ion mass in the 
inner  crust of a neutron star , due to the presence of a super fluid neutron 
liquid.

�‡ Thermal and electr ic conductivities of the inner  crust are expected to be 
modified. In par ticular , the contr ibutions coming from Umklapp processes 
have to be recalculated using the renormalized ion masses.

�‡ Due to the coupling between the nuclear  surface vibrations and the ion latt ice
par t of the crust is filled with non-spher ical nuclei. The phase transition takes 
place at densities far  lower  than the predicted density for  the transition to the 
exotic �Ä�S�D�V�W�D��phases�´��

�‡ The contr ibution to the specific heat associated with nuclear  shape vibrations
seems to be impor tant at densities around 0.02 fm    where the pair ing 
correlations are predicted to reach their  maximum. 

�‡ Quantum cor rections (Casimir energy) to the ground state energy of an` 
inhomogeneous  neutron matter  at the bottom of the crust are of the same 
magnitude or  larger  than the energy differencies between spher ical, 
�Ä�V�S�D�J�K�H�W�W�L�´����and �Älasagna�´ phases.

�‡ T�K�H���³�S�D�V�W�D���S�K�D�V�H�´might have a rather  complex structure, var ious shape can 
coexist, and at the same time significant lattice distor tions are likely and the
bottom of the neutron star crust could be on the verge of a disordered phase.

Conclusions
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Open questions:

�‡Basic degrees of freedom of the �Ä�S�D�V�W�D��phase�´�"
�‡Influence on the cooling curve of neutron star s?
�‡The role of isovector  nuclear  modes?
�‡Mechanical proper ties of the crust?
�‡The role of superfluid vor tices in the inner  crust?
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