Many-body effects in one-dimensional wires

Measuring spin-charge separation in a Luttinger Liquid
The electron is a fundamental building block of nature and is indivisible in isolation, yet we
have performed an experiment that shows that electrons in narrow wires can appear to split
apart.

Even a very simple conducting system, a wire in which electrons can only move along the
wire, so that it is 1D, is not a Fermi liquid, because the electrons repel each other and cannot
“overtake”. To calculate this is impossible without making one approximation. This model
system is called a Tomonaga-Luttinger (TL) liquid. The calculation makes a very surprising
prediction: that there are two ways in which a wave can be excited at a given energy. One
wave corresponds to the charge of the electron moving along the wire. The other is related
to the electron’s spin. Spin and charge waves are expected to travel at different speeds.

How can this prediction be tested? If a 1D wire is placed very close to a 2D electron system,
electrons can tunnel from one to the other. Energy and momentum must be conserved, so
the current that flows between the two depends on the energies and speeds of the waves in
the two systems. Applying a magnetic field gives electrons extra momentum as they tunnel,
and a voltage between the two systems gives them extra energy. Thus one system can be
used to map out the excitations of the other.
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The SEM picture on the right shows a planned new device, where a new student would study
these interaction effects in more detail, exploring new regimes where the Luttinger-liquid
approximation breaks down. The project involves semiconductor device fabrication, low-
noise electrical measurements at T < 100 mK, and interaction with theorists.
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