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Phase transitions often share similar characteristics. Of special interest is the behavior of the system at
the critical point, and in its immediate vicinity. The advent of cold atom physics has offered new possibili-
ties of direct experimental observation of such characteristics. We show that the Anderson metal-insulator
transition, a transition driven by the phenomenon of Anderson localization (Anderson, 1958) in quantum
disordered systems, obeys scale invariance at the threshold, defining a new state of matter between a metal
and an insulator.

By placing laser-cooled atoms in a pulsed standing wave, we realise a quantum-chaotic system which has
allowed us recently to observe experimentally the Anderson transition (Chabé et al., 2008; Sadgrove, 2008).
We study (Lemarié et al., 2010) the transport properties at the threshold of the transition by measuring the
expansion of a wavepacket initially localised in momentum space. We show that it displays a scaling invariance
characteristic of this second-order phase transition. We also provide an explicit analytical expression for
the critical wave function, overarching all three regimes of Anderson insulation, criticality, and diffusive
metallicity.
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Figure 1 Left: Numerical simulation of the temporal expansion of a wave-packet at the threshold of the Anderson
transition. The shape of the critical state is found to be in excellent agreement with our analytical prediction (shown
in red). Right: Direct experimental observation of scale invariance at the threshold of the Anderson transition. The
measured momentum distributions at different times are all brought into coincidence by rescaling of the momentum
by t1/3.
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