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The Quantum Hall Effect in graphene
o =\/§hVF\/H

Novoselov, Geim et al., Nature 438, 197 (05)



The v =0 QH State in Graphene
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Experimentally: ¥ =0 an INSULATOR!

Jung & MacDonald, Nandkishore & Levitov (2009):
Variety of SU(4) symmetry-broken ground states in the bulk

Kharitonov (2012): Coulomb + lattice-scale interactions
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Experimentally: v =0 an INSULATOR!

Jung & MacDonald, Nandkishore & Levitov (2009):
Variety of SU(4) symmetry-broken ground states in the bulk

Kharitonov (2012): Canted Anti-Ferromagnet P Ferromagnet
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Bilayer Graphene

Beﬁ => Perpendicular electric field




Bilayer Graphene
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Bilayer Graphene

Jun Zhu's lab, Penn State (preliminary data,
in part of samples):
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Bilayer Graphene
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Compressibility and
relative capacitance
measurements:

B. M. Hunt et al. (Andrea Young’s group
at UCSB), arXiv:1607.06461



Our Theory
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Our Theory:
Possible phase diagram
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Spin-Valley entangled
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“Broken U(1)XU(1)":
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Collective Charged Mode on the Edge

(Murthy, ES, Fertig 2014; Tikhonov, ES, Murthy, Fertig 2016)
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Summary

» The v =0 QH state in bilayer graphene has a rich phase
diagram, dictated by interplay of /. , F/, B and the trigonal
warping parameter 2 .

®» Possible spin-valley entangled intermediate phases between
CAF and FLP: broken U(1)XU(1) symmetry

®» Low-energy charged excitations: edge spin-textures, softening
near the transitions
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