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1. Introduction




What is the “glitch”?

Glitch: a sudden increase of the rotational frequency

O Glitches in the Vela pulsar » Pulsar: a rotating neutron star
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Time = Sudden increase of the frequency

V.B. Bhatia, A Textbook of Astronomy and Astrophysics with Elements of Cosmology, Alpha Science, 2001.
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Quantum vortices

In rotating superfluid, an array of quantum vortices is generated

O Observation in ultra-cold atomic gases

W. Ketterle, MIT Physics Annual. 2001
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Quantum vortices

In rotating superfluid, an array of quantum vortices is generated

O Observation in ultra-cold atomic gases \ortex-number density
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W. Ketterle, MIT Physics Annual. 2001
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What happens in a glitch event?

P.W. Anderson and N. Itoh, Nature 256, 25 (1975)

Pinning and unpinning of vortices may cause the glitches

O \Vortex-mediated glitch
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2. Methods




What we have performed

We performed 3D, dynamical simulations by TDDFT with superfluidity

O TDSLDA equations (or TDHFB, TD-BdG)
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O Energy density functional (EDF)

S.A. Fayans and D. Zawischa, arXiv:nucl-th/0009034
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What we have performed

We performed 3D, dynamical simulations by TDDFT with superfluidity

. . a vortex line exists here
O Simulation box

75 fm x 75 fm x 60 fm
(50 x 50 x 40, Ax = 1.5 fm)
w/ periodic boundary condition

Confining tube: R = 30 fm

O Physical conditions

Nuclear impurity: Z = 50
Neutron density:
pn ~ 0.014 fm ™ (N ~ 2,530)
pn ~ 0.031 fm™* (N ~ 5,714)

# of quasi-particle w.f. = 50,000

Ex. pn ~ 0.014 fm >
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How to extract the force

We directly measure the force F'(R) in dynamical simulation

O Newton’s law
dv dv

F-me W _ 0 i F=0
a i :

O We keep a nuclear motion in a constant velocity V() (<< (0 rit)

Superfluid neutrons

vortex
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3. Results




Results of TDSLDA calculation: pp ~ 0.014 fm™>

Submitted to PRL (arXiv:1606.04847 [astro-ph.HE])
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Results of TDSLDA calculation: pp ~ 0.014 fm™>

Submitted to PRL (arXiv:1606.04847 [astro-ph.HE])

time= 8032 fm/c
F,(10.6)= 0.17 MeV /fm

Q= 13 fin*
“Repulsive”!!
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Vortex-nucleus interaction

Submitted to PRL (arXiv:1606.04847 [astro-ph.HE])

We can predict the force for any vortex-nucleus configuration

> [Force per unit length

F = / f(r)sina e, di
L
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4. Conclusion




Conclusion

We have performed
3D, microscopic, dynamical simulation
for a vortex-nucleus system

The force turns out to be repulsive (for 0.014 and 0.031 fm=)

» \We can also extract quantities which are important for effective glitch models:

O \ortex tension
O Effective mass of a nuclear impurity
O Impurity-impurity interaction

O Critical velocity, excitation modes, ...
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