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Fermi liquid theory
« The Fermi liquid as a quantum protectorate, adiabatic continuity.
« The energy functional, self-consistency, zero-sound.
« The electron and the quasiparticle.
Beyond the Fermi liquid
« Luttinger liquids:

» Special features of 1D, spin-charge separation.
* Quantum criticality:

» The Reizer singularity, metals on the border of magnetism.
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Simple picture of a metal:

The surprising success of the free electron picture
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Why does this work
so well for real

metals?

This perplexed many of
the founders of condensed
matter physics like
Sommerfeld.

Are the interactions small compared to the kinetic energy?
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The ratio of potential to kinetic energy is of order the electron-electron separation

measured in units of the Bohr radius, a,.

Typical elemental values range from Be (1.9) to Cs (5.6) so never small!

Aside: the Wigner crystal

For sufficiently low densities it will become better to ignore the kinetic energy
and minimize the potential energy by forming an ordered array of electrons.
This Wigner crystal state is thought to occur for r/ay> 20(?).

Adiabatic continuity: “labels more robust than wavefunctions”
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The general idea of the quantum protectorate”
Landau Fermi liquid theory
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Fermi liquid theory (Landau 1956,1957):

« Entropy unchanged — since depends only on labels.
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— So there is a quasiparticle Fermi surface.
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* Energy new form — but labelled by same quantum numbers
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Example 1: specific heat of a Fermi liquid

« Specific heat: quasiparticles always in thermal equilibrium so no
dn=0.
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i.e. same as non-interacting result except for an effective mass.

Example 2: Pauli susceptibility
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New collective modes: zero sound

« Ordinary (first) sound e Zero sound

Why is the Fermi liquid “protected” from real world effects?

Landau: Fermi surface self-consistently protects by
reducing scattering phase space
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At finite temperatures
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Connection between the quasiparticle and the electron?
ap Particle-hole excitations and
I"pk,cr> \/_I"tbk zr) + disturbance of the medium
The distribution function: probability of an electron having a specific momentum

quasiparticle probability electron probability
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The spectral function: probability of finding an electron with specific momentum
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Experimental examples: Sr,RuO,
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Experimental example: UPt, Q&m

A heavy Fermi liquid: U ~ 53 | |- T T. | |

High temp: f electrons bound to form
a local moment via Hund's rule (~ 1eV):
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Experimental example: UPt;

A heavy Fermi liquid: U ~ 5f3
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Low temp: f electrons delocalize to make up a
heavy Fermi liquid
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Fermi liquid theory - summary

» Adiabatic continuity with the free electron gas:
— electron — quasiparticle,
— modified properties: effective mass and Landau
parameters.
— Fermi surface (of quasiparticles) provides self-
consistency.
« Experimental probes
— Thermodynamics probe quasiparticles: specific heat,
susceptibility, transport, quantum oscillations.
— ARPES and tunnelling probe electron overlap with the
quasiparticle excitations.




