Quantum Mechanics in the Brain

(Henry P. Stapp, June 20, 2009)
The brain is a conglomeration of atomic constituents. Hence most scientists agree that it must in principle be treated quantum mechanically. However, Christof Koch and Klaus Hepp, in an influential 2006 essay in Nature, conclude that “there is little reason to appeal to quantum mechanics to explain higher brain function, including consciousness.” 

The arguments empoyed by Koch and Hepp against the importance of quantum mechanics in this context focus on what they themselves call “one of the more flamboyant interpretations of quantum mechanics”, namely the one due to Penrose, which, as they point out, depends upon a long list of very questionable assumptions,
including the existence of a certain kind of  yet-to-be-discovered theory of gravity, and a strong suppression of the generally expected near elimination of quantum interference effects in a warm wet living brain. But if one is going to argue cogently against the relevance of quantum mechanics in this context one should at least consider the conservation orthodox interpretation that has been in place for eighty years, not a flamboyant newcomer that is far from being accepted by the physics community.  

This shifting of the focus allows them to say that  “The critical question we are concerned with here is whether any of the components of the nervous system--- a 300-degrees Kelvin tissue strongly coupled to its environment---display macroscopic quantum behaviours, such as quantum entanglement, that are key to the brains function.” Indeed, throughout their essay they repeatedly identify the issue at hand with the maintenance of pertinent quantum superpositions, or non-local entanglements, even though the standard quantum theory of measurements, which was formalized by von Neumann in 1932, and which remains still today the basis of almost all fundamental theoretical work in this field, is generally believed to lead to an almost complete elimination of macroscopic superpositions in the brain, without, however, the diminution of the pertinent consciousness-related quantum effects.  The point here is that the quantum state of any macroscopic subsystem of the brain is represented, insofar as its effects on future predictions are concerned, by a reduced density matrix that is expected to be reduced to near diagonal form in the coordinate basis by interactions with the environment. This expected reduction will nearly eliminate all superpositions between macroscopically separated parts of the subsystem. But this elimination of superpositions does not eliminate the need for what von Neumann calls process 1. This process is a choice or action that divides the observed state into disjoint parts, each corresponding to a different experience. Consciousness is brought explicitly into the dynamics at this point: a conscious experience occurs and the state of the observed system is reduced to the part of itself that corresponds to that experience. 
The basic reason why many quantum physicist believe that the conscious brain must be treated quantum mechanically is that consciousness is specifically brought into the quantum dynamics in this essential way, whereas it enters in no way into classical mechanics. The arguments of Koch and Hepp completely miss this key point.
Von Neumann’s theory of measurement deals with this issue, in a way essentially in agreement with the standard Copenhagen interpretation, by injecting into the dynamics what he calls process 1. This process poses of a specific question that is not determined in any known way by the physically described quantum mechanical state of the brain (or of the universe), and it corresponds to what Bohr calls “a free choice on the part of the observer”. It is only after this query is posed that nature returns an answer that is registered in consciousness as a particular experience. This process 1 dynamics remains necessary even in the case in which all macroscopic superpositions are nearly eliminated by the interaction with the environment in a warm wet brain. Thus by focusing upon the “likely” near elimination of macroscopic superpositions, which would disrupt the Penrose-Hameroff model, and also the quantum computation models, while leaving the consciousness-related aspects intact, the Koch-Hepp essay cast doubt upon current fads, without in any way addressing the core issue, which is the effect upon brain dynamics of von Neumann’s process 1 “free choice on the part of the observer”.  
Popular superficial discussions of the mind-brain problem in relation to quantum mechanics focus largely on the issues of superpositions, entanglement, and the entry of randomness. Rarely do they mention the really central issue of the process 1 “free choices” that are so crucial to the coherent orthodox formulation of quantum mechanics.

The near elimination of macro superpositions by interaction with the warm wet environment does not eliminate the need for these consciousness-related interventions into the purely physically determined evolution of quantum systems. The stochastic aspect of quantum mechanics enters only after the process 1 action, when an answer is experienced to the query posed by process 1.  
