
CONDENSED MATTER THEORY

As with the high energy strand, our main tool is � eld theory:

High energy = reduc� onist 

       = smaller and smaller = higher and higher energy

Condensed ma� er = an� -reduc � onist = how do pieces act together

and what new physics can emerge when this happens

Extremely intellectually challenging and mathema� cally sophis� cated:

We are not interested in the “easy” asympto� cally free regime at

 high energy (i.e., accelerator physics), but rather the complex

highly interac � ng physics of low energy (i.e., everything else).

Emergent phenomena that you would never guess can arise from the “microscopics.”

Ex:  can a par� cle with 1/3 of an electron charge can arise from

a many electron quantum soup?  (it does!)



Cond-Mat on o � er this term:

Advanced Quantum Theory* and/or Quantum Field Theory* = 

Quantum Field Theory, Feynman Path Integrals (including � nite temperature!),  

Quantum Many Body Physics (leads into Renormaliza� on Group HT, Quantum

Ma� er, TT)

 Kine� c Theory = Boltzmann transport, collisions, hydrodynamics,  Non-hbar for this 

course.   (leads to Nonequilibrium Stat Mech, HT) 

Topological Quantum Theory =  (the 2016 Nobel Prize!)

Topological quantum � eld theory, topological quantum ma� er, topological 

quantum informa� on and quantum compu � ng.  Field arose from ideas in 

quantum gravity, topology, and condensed ma� er physics.   (leads to Quantum 

Compu � ng HT, Quantum Ma� er TT)  [I teach this!]

So�  Ma�er (starts week 5 - HT)= Phase ordering,  Liquid Crystals and topological 

defects, Introduc � on to ac � ve ma� er, Polymers:sta� cs and dynamics, Self-

assembly. (Non hbar) 



What is condensed ma� er?
• Condensed Ma� er �  The study of complex systems with 

many components (many parts, many atoms, many...).  

–  O� en meaning “substances” or the physics of “stu � ”

i.e., the world around you!

• Mathema� cally Rich and Beau � ful

• Intellectually Tremendously Challenging
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• Largest sub� eld of physics

– 1/3 of all physics as measured by number of prac� � oners

• Extremely  Broad and Diverse � eld



Example: Mee� ng of American Physical Society Condensed Ma� er

(over 10,000 physicists a� end...)

First day of the mee� ng at 8am lectures on the topics of... 
Superconductors, 

Super� uids,

Glasses,

Polymers,

Micro� uidics

Crystal Growth Kine� cs

Spintronics

Phase Transi � ons

Quantum Cri � cality

Bose Condensates

Ultra High Pressure

Ultra Low Temperature

Ultra Fast Physics

Topological Ma� er 

... Plus 40 other topics. .. And this all at 8am the � rst day.

    At 11am there are 65 completely di� erent topics being discussed!

Quantum Computa� on

Quantum Algorithms

Ferromagne� sm

An� Ferromagne � sm

Heavy Fermions

Mul � ferroics

Liquid Crystals

Graphene

Interfaces

Heterostructures

Frac � onalized Charges

Beyond Bosons and Fermions

Quan� zed Hall E� ects....

Phase Transi � ons



Strong Overlaps Between Condensed Ma� er 

and.... 

• Chemistry

• Material Science

• Biology

• Atomic Physics

• High Energy Physics (FIELD THEORIES!!!)

• Nanoscience

• Quantum Sciences

• And increasingly... String Theory, Black Holes (AdS/

CFT)



Condensed Ma� er is good 

for your career:

• More job opportuni� es in condensed ma� er

– Academic department of math, physics, biology, chemistry, 

materials, engineering.

– Na� onal Labs

– Industry!!! 

(Condensed ma� er enables technological revolu� ons!) 

• LOTS of experimental data to study

– Experiments are quick and cheap

• Explain the world around you! 


