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In their essay “Quantum mechanics in the brain” (Nature 440:611-612, 2006), Christof Koch and Klaus Hepp argue against the need for macroscopic or mesoscopic quantum mechanisms in the brain to explain consciousness. 

They fail completely to discriminate between two proposed approaches with respect to the relation between quantum physics and consciousness. 

The first approach by Hameroff and Penrose considers the objective reduction of a quantum state as a conscious moment. In that approach consciousness is a consequence of what has been labeled as 'collapse' of the state vector. This objective reduction sets an external physical criterion for one of the potentialities, described by the state vector, to become realized. 

The second approach is based upon von Neumann's notion that there is no external physical criterion for state vector collapse. von Neumann's analysis excludes macroscopic measurement apparatus as a 'cause for collapse' because these are physical devices that should obey the Schrödinger equation as well as the microscopic systems they are supposed to measure and hence this equipment should also be in superposition. This analysis thus results in the so-called ‘radical subjective solution of the measurement problem’: Since no external physical criterion exists that brings about the collapse it has been proposed among others by Hall et al that the interaction with consciousness brings about the collapse. The underlying assumption being that consciousness has a special status outside of physics as represented by the Schrödinger equation. In this second approach consciousness is the cause of the reduction of the state. Interestingly this second hypothesis lends itself under a few assumptions to empirical verification (see Bierman, 2003)

 A related error Koch and Hepp make is that they fail to separate superposition from coherence. Decoherence is not identical to state vector collapse although some efforts have been made to relate the two. Of course the more environmental interactions occur, the more complex the state vector describing the total system will become. Quantum coherence, an essential condition for quantum calculations, will ‘disappear’ through the interaction with macroscopic systems although experts differ in opinion about the (decoherence) time that this will take in the brain. However superposition remains. 

By mixing up the two approaches described above and by mixing up decoherence and state vector collapse, Koch and Hepp basically produce a incoherent story referring for instance to Schrödinger's cat in the context of Hameroff & Penrose while in Hameroff & Penrose's ORCH OR model objective reduction (OR) is assumed. OR avoids the Schrödinger cat problem all together. 

Of course Koch and Hepp's errors do not imply that there has to be a relation between quantum mechanics and consciousness, only a physically more appropriate analysis, time, and ultimately careful experimentation will tell. 
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