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Use of quaternions for topological phases: many body problem and time reversal
symmetry breaking
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As for a fermionic system with time-reversal invariance, Any one particle
state is inevitably degenerate with some other state this is known as the Kramers degeneracy.
Combining the Kramers pair with a suitable phase, one obtains a quaternionic wave function. This is
an idea of the applicant. Also the Berry connection has been quite useful for a study of topological

phases as in the case of the quantum Hall effects. Then the quaternionic Berry connection is useful
for the study of topological phases with time-reversal invariance.

Based on the facts, we have tried to use a quaternionic representation for the time-reversal
symmetric systems with electron-electron interaction and also discuss effects of weak time-reversal
symmetry breaking.
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