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What is Condensed Matter Physics?





Slide from 2002

... since then...  lots of new exciting stuff:

superfluid-insulator transition in cold atoms (exp. 2002)

graphene (exp. 2004)

topological insulators (exp. 2006)

topological superconductors (and Majoranas?) (exp. 2012)

Weyl semimetals (exp. 2015)

and much more!



How come that new things keep coming in?
Isn’t the basic theory already known?

How hard can it get? Isn’t this just a messy
(and boring!) exercise in quantum mechanics?



So, let’s solve this messy exercise...!

In generic cases the Hamiltonian is fundamentally unsolvable!
New and surprising things (to us) keep coming in!



Essence of Condensed Matter Physics

Take a piece of junk

Cool it down (quantum condensed matter!)

Measure something



And a miracle happens!
Example: quantum Hall effect

How to understand such beautiful universal data
given the complicated mess that is the sample? 

B



A related miracle (when you think about it!)...

Emergent phenomena of matter at large scales that cannot be 
directly derived from the underlying fundamental forces

Spontaneous symmetry breaking
in the thermodynamic limit, from boundary- and/or initial conditions



Framework for analyzing emergent phenomena

effective low-energy,
long-wavelength theories
1, 2, 3, .........

”Renormalization group”
Ken Wilson, Nobel prize 1982

1 2 3



Example: Loosely bound electrons in a crystal



Example: Loosely bound electrons in a crystal

BCS superconductor: 
Cooper pairs,
broken gauge 
symmetry

Quantum Hall system:
topologically protected
edge modes

Quantum (low-temperature)

condensed phases of matter 

controlled by (broken) symmetries 

and topology

Fermi liquid: quasiparticles
in a ”smeared” potential;
no broken symmetry



Example: Loosely bound electrons in a crystal

Fermi liquid
starting point of the course:
conduction electrons in a
”smeared” potential


















