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Crust region

Infinite systems of nuclei

Source of astronomical phenomena

Issues

-- Pulsar glitches

-- quasi-periodic oscillations

-- Rapid nucleosynthesis

-- Very neutron-rich

-- Neutron superfluidity

-- Band structure effects

-- Temperature, magnetar

-- Supernovae

             

Band structure?
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・N.Chamel, PRC85, 035801 (2012):

Neutron effective mass is always larger than bare mass!

(entrainment effect)

Entrainment : 

・Dynamics of free neutrons terribly interfered

Neutron superfluidity reduced

・Glitch hypothesis breaks down?

Issues : 

・Not self-consistent with band theory

・Not consider pairing correlation (superfluidity)

Band theory: quantum mechanics in a periodic potential

What is the effective mass of free neutrons for nuclear pasta?

Question 
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N.Chamel, PRC85, 035801 (2012)

effective mass calculations for pulsar glitch understandings

Phys. Rev. C 100, 035804 (2019)

Phys. Rev. C 105, 045807 (2022)

・still w/o pairing ・only 1 dim. crystal

・effective mass less than bare mass

(anti-entrainment?)

Phys. Rev. C 94, 065801 (2016)

Phys. Rev. Research 4, 033141 (2022)

・not self-consistent

・overestimation w/o self-consistency?

Our final goal :

１. develop ①self-consistent ②superfluid ③band theory

for all crystalline structures realized in the neutron star inner crust

２. perform calculations and extract the effective mass of free neutrons

３. obtain the effective mass as a function of baryon densities,

utilized for actual simulations for astronomical phenomena

Self-consistency Superfluidity
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Nuclear HFB theory

           

Band HFB equation

                                                      

            

                                        

1D periodical phase
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HFB Equation

Band Theory

Band-HFB Equation

Densities (applicable to finite temp. systems)

Time-Dependent form

Finite Magnetic-Field Extension
w/ g-factors 
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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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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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