Phys525:
Quantum Condensed Matter Physics: Quantum Criticality
Basics, Dynamics and Topological criticality

Episode Six: A brief comment on (1+1) D physics,
Beyond Landau paradigm transitions and Failure of Mean fields
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Order-Disorder quantum phase transitions
(Best understood subset of QCPs I!)

1) “Order” usually involves condensation of bosonic fields

Ising model: Real scalar field;

Superfluids: Complex scalar field;
Nematic order: Real “Director” field;
Ferromagnetic order: Complex vector field

2) So transitions are usually described by Bosonic quantum
field theories, the standard Landau paradigm.



* In Landau paradigm, only symmetry matters
not representations of the symmetry groups.
(Young Tableau stuff etc.)
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beyond Landau paradigm quantum phase transitions:(usually
can't make contact with statistical models)

Transition between two ordered quantum states breaking the same
symmetries but differing in Global topology. (Pfaffian FQHS
Suggested by Read, Green, 2000;.... Part Ill based on Yang and
Zhou, 2020, Topological QCPs with/without Global symmetries, CPT
etc.)

Quantum systems with “quantum anomalies”, SU(2), s=1/2, 3/2,... is
purely quantum, not related to any classical models (Duncan
Haldane, 80s (Noble prize 2016) lan Affleck, 80s-now.). [related to
p-form symmetries in Recent studies (2019 on) ]

Order A-Order B transitions, there can be emergent gauge symmetry
at QCPs with elementary particles not appearing on either sides. De-
confining QCPs. (Senthil, Vishwanath, Sachdev, Fisher, et al, 2010)
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mean field, fluctuations and
beyond
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Scale invariance and Phase Transitions

1) Effective QFT or EFT constructed out of symmetry and other
general considerations.

1) Critical point 1s identified as a scale invariant QFT (or CFT 1f
z=1) or a fixed point Hamiltonian understand scale
transformation.

3) Microscopic information (which appears in EFT) wiped out in
the course of renormalization leading to universalities.



