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Random matrix techniques in quantum information theory

Benoit Collins, lon Nechita

The purpose of this review article is to present some of the latest developments using random techniques, and in particular, random matrix techniques in quantum
information theory. Our review is a blend of a rather exhaustive review, combined with more detailed examples -- coming from research projects in which the authors were
involved. We focus on two main topics, random quantum states and random quantum channels. We present results related to entropic quantities, entanglement of typical
states, entanglement thresholds, the output set of quantum channels, and violations of the minimum output entropy of random channels.
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Phase transitions for random states and a semi-circle law for the partial transpose

Guillaume Aubrun, Stanislaw J. Szarek, Deping Ye

For a system of N identical particles in a random pure state, there is a threshold k_0 = k_0(N) ~ N/5 such that two subsystems of k particles each typically share
entanglement if k > k_0, and typically do not share entanglement if k < k_0. By "random" we mean here "uniformly distributed on the sphere of the corresponding Hilbert
space." The analogous phase transition for the positive partial transpose (PPT) property can be described even more precisely. For example, for N qubits the two
subsystems of size k are typically in a PPT state if k <k_1 := N/4 - 1/2, and typically in a non-PPT state if k > k_1. Since, for a given state of the entire system, the induced
state of a subsystem is given by the partial trace, the above facts can be rephrased as properties of random induced states. An important step in the analysis depends on
identifying the asymptotic spectral density of the partial transposes of such random induced states, a result which is interesting in its own right.
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