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What I will talk about
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Vortex-impurity interaction

in neutron stars

Solitonic excitations

in nuclear collisions

Topological excitations in nuclear systems

Size of a nucleus ~ 10 fm

Coherence length > 10 fm
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Superfluid dynamics are described microscopically on 3D lattice

FaNDF0: S.A. Fayans et al., JETP Letters 68(1998)169; NPA676(2000)49.

TDSLDA: G. Wlazłowski et al., arXiv:1606.04847 (2016).

Static calc: S. Jin et al., arXiv:1608.03711 (2016).

Renormalization: A. Bulgac and Y. Yu, PRL88(2002)042504; PRC65(2002)051305(R).

 TDSLDA equations (formally equivalent to TD Bogoliubov-de Gennes quations)

:  single-particle Hamiltonian

:  pairing field Normal part:  FaNDF0 w/o LS

Pairing part::  anomalous density

EDF:

Method: TDSLDA (Time-Dependent Superfluid Local Density Approximation)
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*10,000-100,000 of 3D coupled non-linear partial-differential equations need to be solved
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*10,000-100,000 of 3D coupled non-linear partial-differential equations need to be solved

TITAN, Oak Ridge NERSC Edison, BerkeleyHA-PACS, Tsukuba
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Result of TDSLDA simulation:

Phase discontinuity creates a vortex ring which decays into a vortex line

Topological excitations in ultracold atomic gases
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G. Wlazłowski, A. Bulgac, M.M. Forbes, and K.J. Roche, Phys. Rev. A 91, 031602 (2015)
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M.J.H. Ku, B. Mukherjee, T. Yefsah, and M.W. Zwierlein, Phys. Rev. Lett. 116, 045304 (2016)

The cascades of solitonic excitations have been identified experimentally

Time

Vortex ring

Vortex line

Topological excitations in ultracold atomic gases
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What is the “glitch”?
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Glitch:  a sudden increase of the rotational frequency

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

http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=10205

 Pulsar:  a rotating neutron star Glitches in the Vela pulsar

Period (sec)

1970 1975 1980

year

0.8925

0.8924

0.8922

0.8921

0.8920

0.8923

Time

Sudden decrease of the period

= Sudden increase of the frequency
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a vortex line exists here

What we have performed

We have extracted the vortex-impurity interaction from dynamic simulations
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 Newton’s law

vortex

if

Superfluid neutrons

We directly measure the force              in dynamical simulation

 We keep a nuclear motion in a constant velocity

How to extract the force
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Blue line:  vortex-core

Red dot:  c.m. of protons

v0: along x-axis

Force exerts on the nucleus

will be shown by a black arrow

or ?

G. Wlazłowski, K.S., P. Magierski, A. Bulgac, M.M. Forbes, arXiv:1606.04847 [astro-ph.HE] (Submitted to PRL)

Results of TDSLDA calculation
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“Repulsive”!!

Results of TDSLDA calculation

G. Wlazłowski, K.S., P. Magierski, A. Bulgac, M.M. Forbes, arXiv:1606.04847 [astro-ph.HE] (Submitted to PRL)
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?

What we have performed
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Collisions of two nuclei with various phase differences
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Why??

The phase difference changes kinetic energy of the fragments

Results of TDSLDA calculations: Collisions of two heavy nuclei
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K.S., G. Wlazłowski, P. Magierski, in preparation (will be submitted to PRL)
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 The additional energy cost (derived from Ginzburg-Landau theory)

L:  Length scale over which the phase varies

S:  Attaching area

ns:  Superfluid density

Additional energy is required to attach two superfluids with different phases

e.g.)  S=πR2, L~R=6 fm, ns=0.08 fm-3 → E~30 MeV

*The energy does not depend on the absolute value of Δ!

Solitonic excitations
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K.S., G. Wlazłowski, P. Magierski, in preparation (will be submitted to PRL)

Topological excitations from the perspective of nuclear physicists



Summary
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Superfluidity is important in nuclear physics

Vortex-impurity interaction

in neutron stars

Solitonic excitations

in nuclear collisions

Size of a nucleus ~ 10 fm

Coherence length > 10 fm
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Hope to have new connections with studies of ultracold atomic gases!
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