A 2-dimensional topological superconductor:

Consider the following 2D tight binding model of spinless electrons with hopping on a square lattice
and superconducting terms of the form:
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a) Explain why in this case we cannot write on-site superconducting terms.
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b) Transformingto k -space v/ = Z‘PT(k)ei’;‘(i"j), write the Hamiltonian in the form
k

with ¥ = (p(k), Yl(—k) )" and h(k) = ( ) e )
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Diagonalize it and find the spectrum. Is there a gap to excitations? If so, find the values of — in
Y7,

which the gap closes.

c) Study the Chern number of the model as a function of L .
Y7,

t
d) Find a low energy theory near the critical point with a positive — To do so, expand the Hamiltonian
Y7,

to first order in momentum (around which point?), and get the form
h(k) = aok, + Bo,k, + mao,.
What are a, 5, m? (for consistency, make sure m = 0 in the transition).
e) Using the above continuum model in real space (k — —id ), examine the situation where the
parameter m is spatially dependent:

_ { mg,x >0
T =my,x <O

Show that the system has a zero energy mode localized near x =0. What is its localization length?
What happens to it at the critical point.
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