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The XY model

Model for a 2D easy-plane magnet >
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HXY:_jZSi'Sj:_J;COS(Hi_Hj) / AHZT —
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Continuum limit

4 )

Hyy = [ & (Vo)

. J

No ordered state at any finite temperature due to spin-waves!
Mermin and Wagner 1966



XY model continued
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XY model continued
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consider rotationally symmetric vortex with
— |V
/ d*r

Energy cost of a vortex

large energy scale!!



XY model continued
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/ d*r (
Energy cost of a vortex-antivortex pair

)

VO(F

_J
92

Hxy

distance between the vortices

d
a

vortex core size

E, =J27In

v-av pairs can be thermally excited!



Kosterlitz-  houless transition

gas of v-av pairs =)  ynbound vortices
low T high T

1%

Single vortic
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Kosterlitz-  houless transition

gas of v-av pairs ==  ynbound vortices
low T high T

Free-energy for a single vortex

L L2
F=EFE-T5= Jrln (—) — TkrglIn (_2>
a a
dominates at small T° dominate at large T’
. i Jr
Critical temperature: Tk = —
2k B

\_ J

Topological phase transition!

J M Kosterlitz and D J Thouless, J. Phys C: Solid State Phys. 6, 1181 (1973).



Kosterlitz-  houless transition

gas of v-av pairs ==  ynbound vortices
low T high T

Topological phase transition!

Physical systems

e thin films of superfluid *He

e disordered superconducting thin films
e planar arrays of Josephson junctions

e melting of 2D solids
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LETTERS

Berezinskii-Kosterlitz-Thouless crossover in a
trapped atomic gas

Zoran Hadzibabic', Peter Kriiger', Marc Cheneau', Baptiste Battelier' & Jean Dalibard*
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