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Spin-charge separation
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Dualities

duality x duality = 1

Kramers-Wannier
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Dualities

duality x X x duality = new duality

Example: Duality webs in (14+1) and (2+1) dimensions
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Particle-vortex duality
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Particle-vortex duality
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Particle-vortex duality
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Particle-vortex duality
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Boson with short- Vortices coupled to
range interactions emergent photon

Average boson density <> Background magnetic flux

Half-filling per lattice site <+ w flux per dual lattice plaquette
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duality x low-energy limit x duality
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Two species of bosons U(1) x U(1)
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Two species of bosons U(1) x U(1)

Process A

Process B
-
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« Mott transition of two boson species at half-filling

Temperature
A
Two copies of
N =2 QEDs,
Inter-species
interactions
n n
o MM
confinement?
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Gauge theory of spinons and chargons from duality

e Generalizations: Fermions and NV > 2
e Exact duality on wire arrays
« Parent Hamiltonians for phases and transitions

e /o analogue in 1+1 dimensions
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Generalizations: Ferm
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e Flux attachment: Spin-charge separation for fermions
> JFermion,o * Ag
— > JBoson,o * [As + aS®] + CS[al®]
— > Jspinon,o - (As +a5$> —a) + Jehargon - @ + CS[a$”]

— Zg errmionic spinon,o ° (Aa o a) + Jchargon - a
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e Flux attachment: Spin-charge separation for fermions
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e Flux attachment: Spin-charge separation for fermions

= / / ©

fermion fermion fermion fermion boson

* N bosons species at filling %
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Exact duality on w

Derivations of (2+1) dualities in wire models
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Bosons ~ e*¥
L~ (g7 — a,m,T)2 + cos[Ayp —ay] + . ..
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Bosons ~ e'?

L~ (Oprp— agpr)? +cos[Ayp] + ...

Gauge-field only in Gaussian action
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Exact duality on wire arrays
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Exact duality on wire array
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Exact duality on wire arrays
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Exact duality on wire arrays
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Exact duality on wire arrays

Chargon creation: non-local
Chargon hopping: local

Spinon creation: non-local

Spinon hopping: local
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Bosons ~ e'?
L~ (Oprp— agpr)? +cos[Ayp] + ...

Gauge-field only in Gaussian action

/Dae_s[a’wc’wi] ~ 6_Snon—local[¢c,¢§] _ 6_gsloc:a,l[ba]
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Parent Ham

Wire constructions for topological phas
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Parent Hamiltonians for phases and transitions

HChargon 9 HSpinon | > HMicroscopiC
—

simple

fix HSpinon

Mott transition
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Parent Hamiltonians for phases and transitions

Valence bond

| Symmetry |~ _S_(_)I_Id (m,
breaking X @’

A, ‘s_ Spin-charge | _ _ ’ I’ \\\\

separation
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) Quantum spin

Superconductor

fix H Spinon Mott transition
e | > without closing
transition in Hchargon spin gap
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Zio analogue in 1+1 dimensions

Duality webs in (14+1) and (2+1) dimensions

Deconfined criticality on (1+1) dimensions
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241 dimensions 141 dimensions

e Conserved bosons at Spins with Zo X Zo
half-filling symmetry

e« U(1) gauge fields Zo gauge fields

e Spinful bosons Spin ladder
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Conclusions

Spin-charge separation

Duality
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