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!!
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HW1: Critical exponents in classical Landau mean field theory
Define t=(T-Tc)/Tc, as critical exponent A(X,t)>0 of an observable X near
t=0 is given by the asymptotic behavior of

A 21X/
X~1t1" o A =d 70

Three critical exponents can be defined this way: a=A(C,t), B=A(m,t) and
v=A(x,1), where C is the heat capacity, m is the magnetization and x is the
magnetic susceptibility. (X = oM/ >R '-r)
Landau assumed free energy F(T,B)=E-TS of a ferromagnet at field B can
be expanded near the critical point as
o T\
- . e
F=Y,+Atm + Am+mB, whoe A>0.
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Calculate a, B and y.
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Mean field theory applied to bosons in optical lattices
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Experimental evidence
1. Diffraction pattern from the lattices
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2. Compressibility
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3. Fluctuations
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4. Equation of state
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How do we test these predictions?



Quantum criticality /f*
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HW2 In recevit spim-orbit amrLa( exps . the A‘:Aj'z potde
d.TS'FerﬁDV\ can be controledas E ~ EP"+ * When €
JM"\A belows 0. /wm;ofl's D winima. Sxtind the BH Jagiangian
to indads the powr E and analyze the cretial behavor muan £=o0.
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Does i} okah\jzﬂu eriticd behavior when ki%0?



