Quantum Group in 2D Lattice Field Theories

M. Eliashvili and G. T'sitsishvili
Department of Physics, T'bilisi State University

M. Eliashvili, G.I. Japaridze, G. Tsitsishvili, Journal of Physics A45 (2012) 395305



Quantum Group in 2D Lattice Field Theories

Graphene Ripples in Graphene
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"Ripples arise then due to spontaneous symmetry breaking,
following a mechanism similar to that responsible for
the condensation of the Higgs field in relativistic field theories”

P. San-Jose, J. Gonzdlez, F. Guinea, PRL 106 (2011)



2D Field Theory on a Honeycomb Lattice

Tight-binding model with the nearest neighbouring hoppings

Lattice site coordinate 7, 5,, shortly r,
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Low-Energy Effective Theory
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Low-energy excitations - Massless Dirac
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Honeycomb Lattice in Magnetic Field

" Peierls Substitution”  fi(rm)fo(rn) = e #0mirn) fl(r Vfo(rp)
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Gauge Invariance X
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Honeycomb Lattice in Magnetic Field

H=), [e‘w“m'mfI(rm)fo(rn) + e““’“m'rn)f;(rn)f.(rm)]
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System splits into (2N x 2N )-dimensional independent blocks H (k)

H = / Ot (k) H (k) (k) dk

Hofstadter Problem: how the flux % affects the spectrum of H(k)?



Hofstadter Butterfly for Square Lattice (Hofstadter, 1976)

Energy

Harper Equation
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Hofstadter Butterfly for Honeycomb Lattice

0 1+ X~ Harper Equation
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The Quantum Group U,(slz)

0 14+ X~ The Quantum Group U,(slz2)
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The Quantum Group U,(slz)

0 14+ X~ The Quantum Group U,(slz2)

S
I

1+XT 0 (X, X" =i¥(g—-g 1 )(K-K1)

2N xX2N

KXzI:K—l _ q:|:2Xz|:
X+ — e—ikmaIBTQ i e—ikya,QIB

K = gettkla—aQpQtp
Q = diag(g", ¢, ")

__ in(v/N
g = et/ Wiegmann & Zabrodin (1994)
(0 1 0 --- 0 0
. _ _|_ _
00 1 .- 0 0 Square Lattice Hp =X + X
O 00 --- 00 :
B = L . Emerging quantum group
0 0 O 0 1 allows to employ
the functional representation
.1 0 O 0 0



Harper Equation in Functional Representation
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Harper Equation in Functional Representation

0 1+ X~
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Conformal Invariance
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The system i1s invariant under special conformal transformation
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Functional Eigenvalue Equation
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Problems and exercises will be proposed.
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