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This is a series of four lectures on disordered quantum phase transitions. The first lecture provides a phenomenolgical introduction while the second explains the strong-disorder renormalization group method. The third and fourth lectures discuss two current applications of this method and the exotic phenomena we found.

Title : 
Introduction to the quantum Griffiths phase 
Abstract:

 Quantum phase transitions occur at zero temperature when some non-thermal parameter like pressure, chemical composition or magnetic field is changed. They can have fascinating consequences such as non-Fermi liquid behavior  and exotic superconductivity. Many realistic condensed matter systems contain impurities, defects and other forms of quenched disorder. This lecture gives a phenomenological introduction into the effects of such randomness on the behavior close to the quantum phase transition. A particularly important role is played by rare strong disorder fluctuations and the rare spatial regions that support them. They give rise to strong singularities in the free energy, the so-called quantum Griffiths singularities. These singularities completely dominate the physics in the so-called quantum Griffiths phase close to the transition. In dissipative systems, the rare region effects can be even stronger, leading to a destruction of the phase transition by smearing. All these rare region effects can be classified based on the effective dimensionality of the defects.

Title : 
The strong-disorder renormalization group
Abstract:

 The strong-disorder renormalization group is an ingenious method for analyzing the low-energy properties of disordered quantum many-particle systems.  It was first introduced in 1979 by Ma, Dasgupta, and Hu in the context of random quantum antiferromagnets and further developed by D.S. Fisher in the 1990's. This lecture gives a detailed introduction into the strong-disorder renormalization group on the example of the random transverse-field Ising chain. Somewhat surprisingly, the method allows us to find the critical behavior of the quantum phase transition transition exactly. The critical point is of exotic non-perturbative infinite-randomness type characterized by activated dynamical scaling.  We also discuss generalizations and broad conditions for the applicability of the strong-disorder renormalization group method.
Title : 
Superconductor-metal transition in disordered nanowires
Abstract:

 The quantum phase transition from a superconductor to a metal in quasi-onedimensional disordered nanowires can be described by an order-parameter field theory for overdamped Cooper pairs. We study this transition by aversion of the strong-disorder renormalization group suitable for field theories. In the physical case of Ohmic dissipation, the transition is in the same universality class as the random transverse-field Ising model, i.e., it is controlled by an exotic infinite-randomness fixed point. In contrast, superohmic damping leads to conventional behavior, while subohmic damping leads to a smeared transition.

Title : 
Smeared phase transition in dissipative Ising magnets

Abstract:

 We present an analytical strong-disorder renormalization group theory of the quantum phase transition in the dissipative random transverse-field Ising chain. For Ohmic dissipation, we solve the renormalization flow equations analytically, yielding asymptotically exact results for the low-temperature properties of the system. We find that the interplay between quantum fluctuations and Ohmic dissipation destroys the quantum critical point by smearing. We determine the phase diagram and the behavior of observables in the vicinity of the smeared quantum phase transition. We also discuss experimental consequences for systems such as the heavy-Fermion compounds. 
