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Abstract
Recent experiments with high-resolution brain imaging techniques provide an amazing view on the complex spatio-temporal dynamics of cortical processes. Intensive work has been conducted to describe dynamic transitions in cognitive processing as part of the action-perception cycle. According to corresponding theories of cognition, brains can be perceived as open thermodynamic systems converting noisy sensory data into meaningful knowledge. In this talk, we model brains as large-scale random networks, which exhibit frequent phase transitions. The corresponding model is called neuropercolation, which is a family of probabilistic models based on the theory of probabilistic cellular automata on lattices and it is motivated by structural and dynamical properties of neural populations. Neuropercolation extends the concept of phase transitions to large interactive populations of nerve cells as an alternative of models based on differential equations. 
Normal brains operate at the edge of criticality, where phase transitions appear intermittently, several times per second (at theta rates), mainained by the delicate interplay of cortical structure and functions. Cortical phase transitions are described as neural correlates of cognition and serve as basis for non-invasive cognitive monitoring using novel brain-computer interfaces. This is a joint work with Walter J. Freeman, UC Berkeley.
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