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it= 0 ; Nx=1000, dx=0.05, N=1000, gamma=0.05, dphi=0
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Heavy soliton?: Naturé992013)426

T2 UEDBK S pbno R Vortex ring?: PRIL122014)025301
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Real Time Dynamics of ' Quantized Vortices:in a Unitary-Fermi-Superfluid

A.Bulgag Y-L. Luo, P.Magierski K.J. Roche, Y. Yu g o ) e ‘
Scienced32, 1288/(2011) Zlx ¥V ©6 TR » e X 1
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PRL 104, 150404 (2010) PHYSICAL REVIEW LETTERS 16 APRIL 2010

Beénard—von Karman Vortex Street in a Bose-Einstein Condensate

Kazuki Sasaki, Naoya Suzuki, and Hiroki Saito
Department of Engineering Science, University of Electro-Communications, Tokyo 182-8385, Japan
(Received 10 February 2010; revised manuscript received 18 March 2010; published 16 April 2010)
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Computational/theoretical challenge

Microscopic simulation of quantum turbulence in superfluid fermi gas
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K. Kobuszewski K. Hossain, M.M. Forbes, Rlagierski K. Sekizawa, and GVl a z §,0Phws. IRév. AL05 013304 (2022)
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Animation taken fromBrookhaven National Laboratory Websitei(
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TDSLDA (Tibwpendent Superfluid Local Density Approximation)

TDSLDA: TDDFT with local treatment of pairing

Kohn-Sham scheme is extended for finteracting quasiparticles

U TDSLDA equationsformally equivalent to TDHFB or TEBAG equation$

Uk,f(”',t) hrﬁ(’l",i’) hT¢(T,t) 0 A(T’,t) uk,T(r;t)
ﬁ 8 ukii('r,t) hyr(?’,?f) (T’,t) 0 ukﬁL(’r,t)
WN— — %
ot | vk +(r,1) : —h3, (r,1) v+ (7, 1)
Uk, (7, 1) A*(r, " R (11) ) \ vk (7, 8)
- > Joko(r.t)* : number density
hy = 5 . S.p Hamiltonian Er<E.
o v(r,t)= > wugq(r,t)v (r,t) 1 anomalous density
Ao _OF pairing field ol
ov* Jo(r,t) =h > Imlvy (v, )V .(r,1)] : current

Ek <Ec

A large number (10*-10°) of 3D coupled nonlinear PDEs have to be solved!!
# of gp orbitals ~ # of grid points
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TDSLDA resut®u+'Pu 4 (ENg,31.1)
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P.Magierski K.S., GWI a z § ,Phkys. Rev. Lett119, 042501 (2017
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Additional energy is required to attach tagperfluidswith different phases

An(?",t) (NIGV) 240PU+240PU E/VB :1.1), A(,O =T

ass

\ (Y )2bo MY
(3 X X0¢)

P.Magierski K.S., GWI a z § ,Phkys. Rev. Lett119, 042501 (2017
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https://astronomy.com/magazine/ask-astro/2017/12/stellar-magnets
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W. Ketterle MIT Physics Annual. 2001



Quantum vortices in a neutron star

In rotating superfluid, an array of quantum vortices is generated

A Observation in ultrzold atomic gases \Vortex-number density
&
Low Rotation speed High

W. Ketterle MIT Physics Annual. 2001
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Quantum vortices in a neutron star

In rotating superfluid, an array of quantum vortices is generated

A Observation in ultrzold atomic gases \Vortex-number density
ANEUTRON»SVTAR: SURFACE and INTERIOR ES
. =TT Low Rotation speed High

Homogeneous|

ATMOSPHERE
ENVELOPE
CRUST
OUTER CORE

W. Ketterle MIT Physics Annual. 2001
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Quantum vortices in a neutron star

There must be a huge number (~10) of vortices inside a neutron star!!

Vortex-number density

A NEUTRON STAR: SURFACE and INTERIOR ES
‘Swiss “‘Spaghetti’

. i Low Rotation speed High

ATMOSPHERE
ENVELOPE
CRUST
OUTER CORE

W. Ketterle MIT Physics Annual. 2001
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time= 0 fm/c G.WI a z § KwSekizawa, Magierskiet al.,
F, (19.1)= unknown Phys. Rev. Lettl17, 202701 (2016)
Q= 28 fm? M T X T
f-fx 0
50
40
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G.WI a z g ,KwSelizawa, MMagierskiet al.,
Phys. Rev. Lett117, 202701 (2016)

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

Q= 13 fm?
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Micrescopic Nuclear Physics!!
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