Holographic Quantum Hall Ferromagnet

Gordon W. Semenoff

University of British Columbia

Quantum Engineering of States and Devices
NORDITA
August 18, 2014

Quantum Engineering of States and Devices, NORDITA, August 18, 2014



Graphene has relativstic 241-D fermions with SU(4)
symmetry
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Non-Relativistic and Relativistic Landau Levels
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Non-relativistic: £ = hwe (n + %) ,n=0,1,2,...

Relativistic £ = +hvp+/2|B|n  degeneracy = elB|
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K. Novoselov et. al. Nature 438, 197 (2005)
Y. Zhang et. al. Nature /38, 201 (2005)
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CHARGE CARRIER CONCENTRATION, 1 (102 em™%)
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Splitting of v = 0 Landau level Zhang et.al.
arXiv:1003.2738
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Splitting of v = 0 Landau level A.F.Young et.al., Nat.
Phys. 2012
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Quantum Hall Ferromagnetism at Weak Coupling

Consider a 4-fold degenerate spectrum of relativistic Landau levels
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Quantum Hall Ferromagnet at Weak Coupling:
Spontaneous breaking U(4) — U(2) x U(2)
Coulomb interaction
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Graphene with Coulomb interaction

S = /dtda:dy Z?,Dk; [ 10y — A¢) +vpy - (¢
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e The graphene fine structure constant
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Splitting of v = 0 Landau level A.F.Young et.al., Nat.
Phys. 2012
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D3-D7 system
D3-D7 brane system as a holographic model of graphene.

With 4 probe D7 branes (SU(4) symmetry), the dual gauge theory
has 4 species of 2-component fermions occupying a
2+1-dimensional defect in 3+1-dimensional spacetime

N = 4 sypersymmetric Yang-Mills theory in 3+1-dimensional bulk

The degrees of freedom on the defect are 4 species of 2-component

relativistic fermions & la graphene.
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SU(N) gauge symmetry, Solve in large N limit.
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Classical embedding of D brane in AdSs x S° is the strong
coupling, planar A\ = g% ,,N limit of gauge field theory.

Chiral symmetry is broken with condensate 1) ~ A2e=1/VA=Ae,

Unless A is tuned close to A., physics is highly cutoff dependent. D

brane is large A limit.
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Unstable symmetric configuration of D7 brane

Worldvolume is AdSs x S* with S* on equator of S°
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Chiral symmetry breaking configuration of D7 brane

5S4 slips of equator of S°

Quantum Engineering of States and Devices, NORDITA, August 18, 2014



D7 brane with electric charge extends to Poincare horizon

AdSos

Quantum Engineering of States and Devices, NORDITA, August 18, 2014



D7 brane with electric charge has worldvolume electric
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World Volume Axion

S ~ / Vdet(g + 2ma’F) + /(27To/)2F AFACW

Maxwell equations on the brane worldvolume (~ AdS,) have an
axlon term

d | 0 / 1 B
- [aEr\/det(g—l—Zwoz F)+ —BO( )] =0
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Gapped solution when

Quantum Engineering of States and Devices, NORDITA, August 18, 2014



D7 brane with v =1 has charge gapped incompressible
IQHE state

With 4 D7 branes, we find such states with v = —2,—-1,0,1,2
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Conclusion

-Holographic version of Landau levels (splitting of degeneracy of
zero mode Landau level)

-We find the states with v = —2,1,0, 1, 2

-energy gaps ~ f(A, B)

-readily compute transport properties
-other Landau levels?

-fractional Hall effect?
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