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Scientific Progress

Scientific Progress and Accomplishments.
In the past year, the grant was used for work in the field of topological phases, with emphasis on finding new many-body states
of matter, new many-body methods to analyze them and new phenomena that would happen in the presence of interactions on
the surface of topological insulators. In the past 3 years, we have started a new direction, that of fractional topological
insulators. These are materials in which a topologically nontrivial quasi-flat band is fractionally filled and then subject to strong
interactions. The electrons then re-organize themselves into a gapped many-body state which resembles the Fractional
Quantum Hall effect, but unlike it, can potentially exist in more than 2-dimensional quantum wells. By using a mix of numerical
and analytical techniques, we have obtained a new set of many-body wavefunctions for these “Fractional Topological
Insulators” on a lattice which generalize the Laughlin, Moore-Read and Read-Rezayi series of Fractional Quantum Hall states.
We are also in the process of proposing realistic realizations of these phases in electronic and cold atomic systems on kagome
lattices with nontrivial band topology. All these states are likely to have very new and intricate surface physics.
Another direction we have explored focuses on breaking the barriers of numerical simulations for interacting topological phases.
We have shown using a new representation (a matrix product state) that we can approximate several model wavefunctions in a
very efficient and control way thanks to their conformal field theory representation. Armed with this, we have been able to
compute a series of universal quantities of these states such as topological spin, Chern numbers, and edge exponents. We
hope that these new progresses could lead to simulations involving a number of particles an order of magnitude greater than
previously achieved, and could help discover new fractional phases in 3-dimensional systems.
Since September 2012 | have also worked on research involving topological superconducting states of matter, with focus on
Majorana modes in topological superconductors and crystalline topological insulators. Along with Ali Yazdani, we proposed a
scheme to create Majorana fermions at the ends of a wire of magnetic atoms exhibiting a spin helix, placed on top of an s-wave
superconductor.
?This system is currently being built in experiments. Magnetic atoms are deposited on anisotropic surfaces and naturally grow
in wires. Their spins will naturally have a helical form. Depending on the helix pitch, the system can exhibit kitaev majorana wire
behavior. The majoranas can be seen as zero-bias peaks at the end of the wire.
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Scientific Progress and Accomplishments.

In the past year, the grant was used for work in the field of topological phases,
with emphasis on finding new many-body states of matter, new many-body
methods to analyze them and new phenomena that would happen in the presence
of interactions on the surface of topological insulators. In the past 3 years, we have
started a new direction, that of fractional topological insulators. These are
materials in which a topologically nontrivial quasi-flat band is fractionally filled
and then subject to strong interactions. The electrons then re-organize themselves
into a gapped many-body state which resembles the Fractional Quantum Hall
effect, but unlike it, can potentially exist in more than 2-dimensional quantum
wells. By using a mix of numerical and analytical techniques, we have obtained a
new set of many-body wavefunctions for these “Fractional Topological Insulators™
on a lattice which generalize the Laughlin, Moore-Read and Read-Rezayi series of
Fractional Quantum Hall states. We are also in the process of proposing realistic
realizations of these phases in electronic and cold atomic systems on kagome
lattices with nontrivial band topology. All these states are likely to have very new
and intricate surface physics.

Another direction we have explored focuses on breaking the barriers of numerical
simulations for interacting topological phases. We have shown using a new
representation (a matrix product state) that we can approximate several model
wavefunctions in a very efficient and control way thanks to their conformal field
theory representation. Armed with this, we have been able to compute a series of
universal quantities of these states such as topological spin, Chern numbers, and
edge exponents. We hope that these new progresses could lead to simulations
involving a number of particles an order of magnitude greater than previously
achieved, and could help discover new fractional phases in 3-dimensional systems.

Since September 2012 I have also worked on research involving topological
superconducting states of matter, with focus on Majorana modes in topological
superconductors and crystalline topological insulators. Along with Ali Yazdani,
we proposed a scheme to create Majorana fermions at the ends of a wire of
magnetic atoms exhibiting a spin helix, placed on top of an s-wave
superconductor.
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This system is currently being built in experiments. Magnetic atoms are deposited
on anisotropic surfaces and naturally grow in wires. Their spins will naturally have
a helical form. Depending on the helix pitch, the system can exhibit kitaev
majorana wire behavior. The majoranas can be seen as zero-bias peaks at the end
of the wire.
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