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vortex lattice  Science 292, 476 (2001) . .
vortices In Fermi system  Nature 435, 1047 (2005)
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topological phase imprinting splitting of vortex PRL 93, 160406 (2004)
PRA89, 190403 (2002)
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synthetic gauge field  Nature 462, 628 (2009)
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Wikipedia (Karman vortex street)
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Classical-guantum crossover & Kelvin-wave cascad

PRB 84, 054525 (2011) PRL 103, 084501 (2009)
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PRL 103, 045301 (2009) & PRA 79, 043618 (2009)
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phase diagram
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Aspect ratio inversion does not occur for turbulence.
(Not completely confirmed theoretically)
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Laser Phys. Lett. 8, 691 (2011)

2D simulation

vQ
— — + (%rap — ,u) + gQD‘\PP

(73—7)@: 5

— Q,sin ML, —v,sinQtp| ¥

HERFER DT IRIBAE(C (S
OETL—_L(/ \

BECICRITDE. =F&lLAR



il

J'} DL/)IL@%?&

1. 255, OHEEURCEBICTFTE I DKolmogorov AN ~)UIE
HDEODIAZ/IN—TF T DSROFEZRELTNDD
JCADNDPEDICEURCHZDDSRIL?

2. SR TCTIRVIARHD O EFELRINRBANDEC(SErFE (FET
BErRZ) IBDIEBADNP?ZEDRCEUCHZIICEIAT/N—
)T DSRADBDDDIZADN?

3. Kelvin-wave D X7 — DR (CNIEEBSDEND EBIR
NI D NADDE)

4. %ﬁ%@%?%bﬂb (

‘:E@E L/7:_ .,PI_EL/)ILEC‘:)
5, RRICBITDB/INY FIVOIRIVF—=AND B, ZN5

DNRAT — FDER

BECICRITDE. =F&lLAR

pl

BEC(DONEL

B

s)is



Collision dynamics of vortices

Commutative pair Non-commutative pair
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Phase-ordering dynamics

Rapid temperature quench from 7'=27 to T'—0

Scalar Blaxial nematic
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Phase-ordering dynamics

Density of vortex line length
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Phase-ordering dynamics

Slower dynamics has also been observed for phase ordering of
conserved Ising model : (S)=0 (total magnetization is fixed to 0)
=-Decay of domain wall becomes slower in the phase ordering
than that in non-conserved Ising model.
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Conserved value in this case : linking number
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Phase-ordering dynamics

Conserved value In this case : linking number

Non-commutative vortices cannot
nass through each other,
nehaving like substantial string

=>Linking number of vortices
are conserved
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Final State

Sometimes, dynamics stops with finite number of vortices, never
relaxing to equilibrium state
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Final State

Probability for appearing non-equilibrium final state
Cyclic © ~10% Biaxial nematic : ~50%
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Probability depends on the topology (the number of conjugacy class?)
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Non-Abelian Cosmic Strings

Similar behavior has been reported in the context of cosmic string

Networking structure of non-Abelian
cosmic strings are predicted

P. McGraw, PRD 57, 3317 (1998)

BECICRITDE. =F&lLAR



Quantum turbulence

Starting from large-scale vortex loops
—-Cascade of large to smaller vortices : turbulence

Turbulence of scalar BEC :

In large scales, the Kolmogorov
spectrum (spectrum in classical
turbulence) has been confirmed.

MK and M. Tsubota, PRL 94, 065302 (2005)
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Quantum turbulence

Decaying turbulence
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Turbulent behavior Is strongly
affected by topology




Quantum turbulence

Decaying turbulence Energy spectrum
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