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From phases to phase transitions

* 1960s and 1970s: shift from classifying phases
to classifying phase transitions — particularly
continuous phase transitions. (Critical
exponents, Widom scaling, etc.)

e Late 1970s, 1980s, and 1990s: shift from
thermally ‘driven’ phase transitions to low-
(essentially zero-?) temperature phase
transitions ‘driven’ by the variation of
pressure, magnetic field, or chemical doping.



Pressure: heavy-fermion materials
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Magnetic field: strontium ruthenate
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Theories of quantum criticality

Insulators: S. Chakravarty, B.l. Halperin,
and D.R. Nelson, PRB 39, 2344 (1989).
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Heavy-fermion materials (again)
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Strontium ruthenate (again)
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Manganese silicide
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Topological order and BKT

* Mermin-Wagner theorem: no spontaneous
breaking of a continuous symmetry at T>0 in
d>2.

* ‘Loophole’ in d=2: can have a finite-T
transition from quasi-long-range (or
“topological”) order (algebraically decaying
correlations) to short-range order
(exponentially decaying correl’ns).

* Mechanism: vortex-antivortex unbinding.



O(2) nonlinear sigma model
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O(2) x O(M) quantum NLcM:
a simple model of phase competition
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d=2 O(2) x O(2) NLoM: pre-2010 wisdom
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O(2) x O(2) NLoM: Jaefari, Lal, and Fradkin
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O(2)xO(2): conjectured phase diagram
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Conclusions

* |tis possible, at least in (2+1)-dim. systems, for
finite-temperature phase transitions to be
suppressed to T=0 without connecting to a
guantum critical point.

e The O(2)xO(2) nonlinear sigma model is
probably an example of this.

* Conjecture: in 2+1 dimensions, even when a
finite-temperature line connects to a quantum
critical point, it may not necessarily be
‘controlled’ by it.



