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Our idea: combine bilayer excitons and strongly correlated electron systems

A bilayer exciton is an exciton where the hole and electron are spatially
separated in two different layers. An insulating layer in between prevents
annihilation of the excitons.

Because of their long
life-time, bilayer

excitons are ideal d \‘ insulat
candidates for realizing a \ o
Bose condensate of
excitons. [1]
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The high-temperature superconducting cuprates are an example of
layered strongly correlated electron systems.

Because of their quasi-2D nature, strongly correlated electron
systems are ideal candidates for bilayer excitons.
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What is a bilayer exciton in a strongly correlated background?

In strongly correlated electron systems the electrons are localized, and
standard electronic band theory does not apply.
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Sideview of a strongly correlated bilayer.

In red the localized electron spin is shown, with antiferromagnetic order.
The interaction between the localized electron spins are governed by an
antiferromagnetic Heisenberg interaction.

Now a bilayer exciton is the bound state of a doubly occupied and a vacant
site.
This leads to the following model Hamiltonian:
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Hopping term = exchange of exciton [E»

Heisenberg terms with magnetic stakes | s m >

So what are the dynamics of such a bilayer exciton in a strongly correlated
system? We know that if the exciton moves, the antiferromagnetic order
gets frustrated.

Spin mismatch Moved exciton

As a result, the exciton is effectively confined by the antiferromagnetic spin
background. As a signature, the exciton spectral function (measureable with
optical absorption) obtains a second Ising confinement peak above the first

exciton peak. [2]

What happens at any finite exciton density?

When there is a finite density of excitons, there is strong
competition between three different phases:

- the antiferromagnet (AF) in the absence of excitons;

- the exciton condensate (EC). For large exciton hopping, excitons
will form a Bose condensate. The wavefunction of the condensate
is given by a superposition on each rung of a spin singlet with an
exciton:
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- the checkerboard phase (CB) at half-filling, where the strong
exciton-exciton repulsion leads to an exciton Wigner crystal.

However, for most  “of
parts of the phase '
diagram the 301 ps:
competition leads to AF/EC
macroscopic phase [
separation between
these three phases.
(See the ground
state phase diagram
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The surprise that the triplet
modes are characterized by
a dispersion with a
bandwidth determined by
the superfluid density of the
exciton condensate.

©0) (w0 (mm 0.0

g. X p=0.15

Therefore the superfluid
density can be measured in
spin fluctuation spectra
(neutron scattering). [3]
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