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Graphene
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Tight-binding model Spectrum Ex = + Vg[K]

E dispersion of massless Dirac fermions

Low energy: Emergent 2+1D Lorentz symmetn
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Graphene: Interactions
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Graphene: Quantum spin Hall insulator

Spin-orbit coupling: Dol 8S with Po! 10K

Spectrum for"so> 0 Winding number:
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Quantum spin Hall insulator: Experimental veribcation
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Flatland fermions from 3D topological insulator QHE for 2D Dirac fermions:
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Flatland fermions from 3D topological insulator
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Frustrated magnets

Frustration:

all local constraints can be simultaneous:y

Conseguences:

Classical: Exponentially large ground-state manifold

Quantum: New phases of matter?

Antiferromagnetic coupling of: Ising spins
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Kitaev honeycomb model

Spin-1/2 on honeycomb lattice:
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Alexel Kitaev
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Hamiltonian:
=3 XX N RAR
H =1 K 1K R
blue links green links
Exchange frustration
[Kitaev, Ann. Phys. O06] Review:[Trebst, arXiv:1701.07056]
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Exact solution: Majorana representation

Majorana fermion:
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C2 = — 2 _ 2 _
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E Majorana: Ohalf a fermionO
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| » gauge transformation

Projection:
J $ Dla = |al; D= b*bYb°c E ! 2 gauge transformation
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| » gauge transformation

Projection: . ) N , .
= |al; D= b*bYh’c E !, gauge transformation
Spin algebra:
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(x")=1 | "
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E OpartonO constructiol
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Application to Kitaev model

Hamiltonian: | » gauge Peld:
HI R=#i (ibfb)ac 6 H] = 0= [ai dy )]
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Fractionalization:

Spins fractionalize Into
fermions and gauge Pelds

Review:[Trebst, arXiv:1701.07056]



Kitaev quantum spin liguid
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Gauge beld: Fermion spectrum: N <
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Kitaev quantum spin liguid
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Experimental search#-RuCk

thermal Quantum Hall é ect:
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Smoking-gun signature of Majorana edge state
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Generalizations of Kitaev model: Spin-orbital liquids

Spin + orbital + E degrees of freedom:

—l— E

U 21 2 10U pP =3 4" 4 IN 81 8

E can realize all 16! » topological superconductors
[Chulliparambil, E, LJ, Tu, arXiv:2005.13683]
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Spin + orbital + E degrees of freedom:
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a' = ib'c; i=1:::::5 ~ 3 6 Majoranas

itinerant fermions itinerant fermions
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Short-range Majorana interactions

Kitaev + perturbations:
H=1K &Hay" B'p OKitaevO

+ J o é’."j " 11 C)Heisenbergc')
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Short-range Majorana interactions

Kitaev + perturbations:
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Short-range Majorana interactions

Kitaev + perturbations:
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Gross-Neveu-SO(3)* criticality

Gross-Neveu* versus Gross-Neveu:
¥ Adjacent phases topological: #~ =  four topological sectors

¥ Quasiparticles fractionalized: <~ =  OmissingO states L )
E cf. Ising*: [Schuleret al., PRL O16

Universal bngerprints In Pnite-size spec
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Gross-Neveu-SO(3) vs Gross-Neveu-SUq Leg = g©&9(1! L)
Sin-l VS Spin-1/2

New member Of GrOSS-Neveu fam| .. with O! 0:32::0:33,! | 1::2

... from 1=N and 4! Yexpansio
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Emergent phenomena in condensed matter:
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Gross-Neveu-SU(2) universality class

FRG O14 + [LJ & Herbut, PRB ©14]
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ISIng™ vs Ising criticality
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