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We emphasized that superconductors and

superfluids are very different at low

energy ( gapped us gap less) , Get there
is an intriguing relation (day) between
them in two dimensions

.

Consider a bosonic Hubbard model on

a square lattice - hopping particles with point - life
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i)T=o lattice sites decouple → single sole problem
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iuptyer occupation , filling changes in
Mott insulator

discrete jumps

2) 0=0 → free boson lattice gas

adding U << T ⇒ bosonic superfluid



Quartan phase diagram :
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we will do be following simplification
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Close to tie MIISF quartan critical
in 2d

point one can write a actinium field

theory of low -
energy physics in two
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global web symmetry

undergoes SSB at Tao

2) Interns of as µ :
c.wpex Scalar

start in the SSB superfluid phase
vortices are high - energy excitations
in this phase

, try to " couteau " them

Remember however in 2d

*) two point like vortices interact
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*) experience the Magnes force :

single vortex Lx = -Khs EijxixjLagrangian p
effective magnetic
field

In Id vortices behave like point - like

charged particles that live in magnetic field
Bu - hs
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we cannot SSB condense them
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wi Lo ai >o vortices are yapped ,Higgs phase I can be ignored
2+1 dim Maxwell ED
with massless photon excitation
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Goldstone of 0% SSB
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Numerous checks of this duality close

to the critical point ( Monte-Carlo, .
. . )

Rigorous duality was defined oualaftice
Peskin 1978 Dasgupta Halperin 1981


