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Neutron Star Crust
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Core region

QCD phase diagram

Crust region

Infinite systems of nuclei

Source of astro-phenomena

Issues

-- Pulsar glitches

-- quasi-periodic oscillations

-- Rapid nucleosynthesis

-- Very neutron-rich

-- Neutron superfluidity

-- Band structure effects

-- Temperature, magnetar

-- Supernovae

Uniform matter

Hyperons? Quarks?

             

Band structure?

M-R relation
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Nuclear Band Theory

2024/10/7

Nuclear HFB theory

           

Band HFB equation

                                                      

            

                                        

1D periodical phase
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Anti-Entrainment
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Time-dependent form
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Finite-temperature, magnetic-field
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Finite temperature form

w/ g-factors 

Finite magnetic-field form
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Finite-temperature, magnetic-field
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Finite temperature form

w/ g-factors 

Finite magnetic-field form
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Towards further extensions
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Summary and Prospect
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What we’ve done

Superfluid band calculations for neutron star matter within the inner crust

Integrate nuclear HFB theory and band theory on the same footing

Extend framework into finite-temperature and magnetic-field systems

What’s been found

Neutron dynamics is enhanced in the inner crust (anti-entrainment)

With high temperatures two phase transitions take place

With magnetic fields spin-polarized phase appears

What we plan

Extend the framework into the 2D and 3D systems 

Complete the table of the Equation of State, and the neutron effective mass
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