
Phys525:  
Quantum Condensed Matter Physics: Quantum Criticality 

Basics, Dynamics and Topological criticality 
 
 

Episode Ten: 
 Scale transformation and introduction to Renormalization group equations  

and identifications of scale invariant fixed Points (SIPT) 

 











• Two corner stones of theory of QCPs  

• Symmetry groups and the corresponding QFT 

• Scale Symmetric QFTs or fixed points (SIFPs).     
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Wilson’s view of critical points (70s):  
A cartoon as a scale invariant “fixed point”

<<<< Critical point/ 
Fixed Point 
= H invariant under 
scale transformation

Flows into a free 
 theory

Flows into a strongly 
Interacting theory

















RG flows (i.e. scale transformation) of a scalar model : 
Scale Symmetric Wilson-Fisher F.P. (d+1<4)



Scale invariance and Phase Transitions

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

1) Critical point is identified as a scale invariant QFT (or CFT if 
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. 

 



Midterm Presentation (the week of March 1-5)

Far away-Non-equilibrium dynamics near QPT:

Colloquium: Nonequilibrium dynamics of closed interacting quantum systems
Anatoli Polkovnikov, Krishnendu Sengupta, Alessandro Silva, and Mukund Vengalattore
Rev. Mod. Phys. 83, 863.

Zurek, W. H.; Dorner, U.; Zoller, P. (2005). "Dynamics of a Quantum Phase Transition". Phys. 
Rev. Lett. 95 (10): 105701.

Transport Dynamics near QCPs and some modern applications:

Nonzero-temperature transport near quantum critical points,
Kedar Damle and Subir Sachdev, Phys. Rev. B 56, 8714 (1997)

 Legros et al.,  L. Taillefer, and C. Proust, “Universal T-linear resistivity and Planckian 
dissipation in overdoped cuprates, Nature Physics 15, 142 (2018), 

Jan Zaanen, “minimal viscosity and the transport in cuprate strange metals”, SciPost Phys. 6, 
061 (2019). 

Aavishkar A. Patel and Subir Sachdev, Theory of strange metals, 


