Phys525:
Quantum Condensed Matter Physics:
Emergent phenomena and emergent symmetries

Episode 13:
Scale transformation and QFTs with scale symmetries as QCPs I:
Basic Phenomenology (informal discussions)
and identifications of scale invariant fixed Points (SIFP)

(OFT CS-RGE based slightly formal discussions next Thursday)
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* Two corner stones of EFT approach to QCPs

e Symmetry groups, space-time symmetry (as well as PHC)
and the corresponding QFT. G= 22, U(1), SU(N), N=2, 3,
4... [with caveats: QFTs can further depend on symmetry
group representations or with quantum anomalies as research
focuses.]

 Scale Symmetric QFTs or fixed points (SIFPs).
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Scale transformation and Scale symmetry:
Phenomenology and informal stuff (without RGE)
« Scale transformation in QFT (in real space)

 Definition of scale invariance in terms of (d+1) dimension
action/Lagrangian density

* How to identify SIFP.



Scale transformation and Scale symmetry:
Phenomenology without RGE

« Scale transformation in QFT (real space phenomenology)

 Definition of scale invariance in terms of (d+1) dimension
action/Lagrangian density
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Wilson'’s view of critical points (70s):
- A cartoon as a scale invariant "fixed point’
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Scale transformation and Scale symmetry:
Phenomenology without RGE

» Scale transformation in real space

 Definition of scale invariance in terms of (d+1) dimension
action/Lagrangian density

* How to identify SIFP.
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RG flows (i.e. scale transformation) of a scalar model :
Scale Symmetric Wilson-Fisher F.P. (d+1<4)
a <3
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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=1,2) 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.



