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Crust formation in proto-neutron star
and Nuclear Equation of State
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From Supernovae to Neutron Stars
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Inside of Neutron Stars (Crust)
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Inside of Neutron Stars (Core)
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Crust Phenomenology
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Formation of Neutron Star Crust

o JT5RANTCIE.EFM+RICKEIRTIINZIIXRIVF—ZFE,
—IRICDTUTLBRERETES

« COGA.BEFRZIE—KDTTAYERY, O—0O%E
RE T >175 T bcc fEalcE{ET S (Wigher E55%)

1 (Ze)* (Ze)? (4n 0 )1/3

~ kBT a B kBT 3 A’mu

I

a: Wigner-Seitz radius
Z: proton number of 'nuclei]
A’ : nucleon number in WS cell

» ERRIC.BEARD IS ANERDES Inh SRR 7

il




Proto-Neutron Star evolution
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Thomas-Fermi (TF) model for T=0
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Nuclear Equation of State (EQOS)
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Crystallize Temperature of TF EOS’ s
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This Talk
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Thomas-Fermi model for nuclear EQOS
ﬂ?iﬁ’ﬁﬁ ngner Seitz ECEFOREDMmMZE A, BFTH

7_

_J

TRV

« £TXRIVF—%E

nucleus]

e

width dr

wrl\\neutron

RF—ZRULITS
— VIR ZHRIVAREAECDFFEMA D
S IMETBATE WS HEERDHD
8 .
A" 17 "uniform in ”rﬁgtt{g{‘ Syxz;?:‘?etpc

/

>
n




Energy density of uniform-matter
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Thermodynamics for T>0

« Oyamatsu-Ilida model + Fermi gas approximation
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Extension for supra-nuclear densities
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Constructed TF EOS models

EOS H30 E45 B60 MR relation of cold

neutron stars
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Neutrino emission from PNS cooling
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Touchdown on the crystallize floor

EOS H30, 1.33 Mg
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EOS dependence of crystallize floor
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Evolution after PNS phase
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Summary

 Due to a larger Z, an EOS with a lower L leads to
an earlier onset of crust formation despite a
longer cooling timescale.

» Crust formation takes at least more than 1 sec
and may take up to a few hours, strongly
depending on the EOS.

» Crystallization begins in the inner crust, while
the outer crust may crystallize approximately 1 yr
after the explosion.

- Newly born NSs have “nuclear plasma ocean.”
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