
Quantum phase transition: scale invariance and universality



1. Classical vs. quantum phase transition?

2. Mean field approach?

3. Experiment evidence? Constraints?

4. Scale invariance in quantum critical gas



Examples of classical phase transitions:

Liquid-gas transition 1st order vs. 2nd order transition

2nd order liquid-gas transition is the same as Ising transition!!























HW1: Critical exponents in classical Landau mean field theory

Define t=(T-Tc)/Tc, as critical exponent Λ(Χ,t)>0 of an observable X near 
t=0 is given by the asymptotic behavior of 

  

   



Three critical exponents can be defined this way:  α=Λ(C,t), β=Λ(m,t) and 
γ=Λ(χ,t), where C is the heat capacity, m is the magnetization and χ is the 
magnetic susceptibility. 



Landau assumed free energy F(T,B)=Ε-TS of a ferromagnet at field B can 
be expanded near the critical point as







Calculate α, β and γ.








Mean field theory applied to bosons in optical lattices














































































Experimental evidence

1. Diffraction pattern from the lattices



























2. Compressibility















3. Fluctuations













4. Equation of state











How do we test these predictions?






Quantum criticality





























