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Bose-Einstein condensation

At some energy, divergence may occur
This means that the occupation of the lowest state becomes macroscopic

This can be achieved in two ways: decreasing T or increasing μ (number
of particles)
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(Berezinskii-)Kosterlitz-Thouless phase transition

● Nobel prize in Physics 2016

● Awarded to D. J. Kosterlitz, J.M. Thouless and F. D. 
M.Haldane “for theoretical discoveries of topological 
phase transitions and topological phases of matter" (in 
part for the prediction of the KT transition)



  

2D XY model and vortices

● A classical model of an array of spins in 2D

Vortex Vortex­Antivortex pair
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2D XY model and vortices

● Correspondence with complex fields

ψ=A e iθ
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KT transition

● Phase circulation far from vortex core: Energy of a 
vortex diverges logarithmically with system size!

● Vortex­antivortex pairs have finite energy

● Considering free energy, even the state with free vortices 
can exist



  

KT transition

● The phase with bound vortex­antivortex pairs has a 
nonzero superfluid fraction and power­law decay of 
coherence

● The phase with free vortices has a standard exponential 
decay of coherence



  



  

Solitons



  

Captain Parry’s observation

● Second (unsuccesful) expedition to the 
North Pole, 1822

● The sound of the cannon arrived ½ second 
before the “fire” command

1720 m

FIRE!
BOOM!

BOOM!
FIRE!



  

Fermi-Pasta-Ulam paradox

● Array of particles connected by anharmonic springs

● Equivalent to the KdV equation in the continuous (many 
small oscillators) limit

● Inevstigated numerically on MANIAC computer in search for 
ergodicity and thermalization



  

Fermi-Pasta-Ulam paradox

● Instead of thermalization, periodic revivals occurred

● The behaviour has been explained by Zabusky and Kruskal in 
terms of solitonic interference



  

What is NOT a soliton?

● Defect or bound state

 

● Dispersionless linear wave

Solitons are self­localized, i.e. their existence is the reason why 
they do not decay. In particular, they cannot exist in the low­
amplitude (linear) limit.
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