Project for “Topological Matter”

From the lecture, you have learned about the topological insulators both in
quantum Hall and spin quantum Hall states. You have also been introduced
to that various topological excitations existing in both the single and bilayer
quantum Hall systems. These excitations generically carry a topological

charge, whose density is given by the following formulae
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where s (7) stands for the spin texture andy, 8 = x, y

For the meron, the spin texturg;(7) can be written by
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(1) Plot the meron spin texture and obtain the charge density profile of the
meron. Explicitly show that the total charge is quantized to be 1/2
independent of A.

(2) Propose a spin texture for the anti-meron excitation with total charge -1/2.

(3) In the paper of Ref[l], the authors have shown that the HgTe quantum
wells undergo a quantum phase transition at certain sample thickness from
the typical insulator to the quantum spin Hall insulator. They also mention
that the meron of a sort have a role in the phase transition. Explain this
topological quantum phase transition based on the meron picture following
Ref[1].
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