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Date: Wed, 18 Mar 2009 18:41:21 -0700 (PDT)

From: Henry P. Stapp <hpstapp@lbl.gov>

To: Stanley Klein <sklein@berkeley.edu>

Subject: Re: less than zero photons and reality

On Thu, 12 Mar 2009, Stanley Klein wrote:

> http://www.economist.com/science/PrinterFriendly.cfm?story_id=13226725

>

> Hi Henry,

> I was sent this simulating article on testing reality. It goes into the

> strange notion of less than zero photons at a given location. Have you come

> across that pair of articles (one in Phys Rev Letters)?  Is it an important

> finding?

> best regards, Stan

>

Dear Stan,

This article is important! But its importance does not derive from the truth

of the "findings" that it reports about the nature of reality. It is important 

because it provides a good starting point for an explanation of the orthodox 

(Heisenberg/vonNeumann) understanding of the nature of reality. But the orthodox 

understanding of reality is essentially the opposite of the one touted in the article. 

The is important because it frames the failure of the basic ideas of classical 

mechanics in terms of a paradox. It allows a reader completely untutored in quantum 

mechanics to appreciate the need to go beyond the classical conception of the physical

world, while simultaneously paving the way to a natural understanding of the essential 

features of the quantum mechanical conception of reality, and also of the quantum 

mechanical conception of the connection between mind and brain.

The article in The Economist says that certain experiments, pertaining

to "Hardy's Paradox" and to "Weak measurements", "have demonstrated that

nature is indeed real when unobserved.....that the universe does indeed 

exist when it is not being observered"

These experiments "demonstrate" no such thing! Indeed, one must obviously

be very wary of a 'demonstration of the nature of reality' that asserts that 

the number of photon pairs traversing certain pair of possible paths is MINUS ONE. 

The opposing orthodox understanding asserts that whatever exists beyond what 

is actually observed is in fact NOT fully real, in the ordinary sense of the word. 

The orthodox ontology (theory of what exists) says, instead, that the unobserved 

aspects of nature are more like immaterial 'potentialities' for real observational 

events to occur than like anything that is 'real'in the ordinary material sense 

of the word.

A central difficulty with the work reported in The Economist is the claim that 

the "weak measurements" that are performed in the cited experiments specify 

the "values" of certain corresponding quantities. Nobel Laureate Tony Leggett 

(in Phys. Rev. Letters 63, 2325 (1989)) criticized the claim advanced by 

Aharonov, Albert, and Vaidman (in Phys Rev Lett 60, 1351, (1988)) that 

"a weak value of a quantum variable" can be properly regarded as a "value" of 

that variable. A key result of the "weak measurement" approach to "Hardy's Paradox" 

is that the (weakly) measured "number" of pairs of particles traversing a certain pair 

of possible paths is MINUS ONE. That result confirms in spades Leggett's criticism. 

A mean value is properly associated in quantum mechanics with a matrix element of 

an Hermition operator *between a state and itself*, not with a matrix element 

of that operator *between two different states*. The orthodox theory makes the 

mean values of all "numbers" non-negative, and it provides a completely coherent 

rational understanding of the connection between mind and brain. For this reason 

it is I think worthwhile to explain the orthodox resolution of Hardy's paradox, 

and the ramifications of that resolution for mind-brain research.        

In my most recent paper (The Effect of Mind Upon Brain) I discussed

one half of the "Hardy Paradox". In a standard interference experiment

a photon wave packet is separated into two parts by a 45-degree-sloped 

half-silvered mirror. The two separated parts are then reflected 

by two 45 degree-sloped full mirrors so that the two parts impinge upon 

opposite sides of a second half-silvered mirror. Because each reflection 

(as opposed to transmission) engenders a shift in phase by 90 degrees, 

the two beams D and B emerging in perpendicular direcions from the second 

half-silvered mirror interfere constructively in the beam B (for Bright) 

and destructively in the beam D (for Dark): each incident photon ends up 

in B; none go to D. 

But what happens if one is allowed to place a 100% efficient and 100% absorbing 

detector DID in one of the two internal legs? 

Suppose the photon is detected in D. Then the device DID *must be in place*, 

in order to prevent the destructive interference that would otherwise prevent 

the detection in D. Yet the 100% efficient detector DID is  not 

disturbed in any way, because the whole photon was absorbed at D. Thus the 

detection of the photon at D implies that the detector/absorber DID was 

necessarily in place, yet was not affected in any way. So how is the 

mere presence of DID able to affect what happened in D without DID's being 

disturbed in any way?  

The orthodox (collapse) ontology gives rationally coherent answers to all

such puzzles. It provides a rationally coherent ontological conception

of reality that exactly fits all of the mathematical formulas, and all 

the empirical results. 

Both the formalism and the ontology of quantum mechanics are based on 

an explicit recognition of the fact that science is based on a dualistic 

foundation! There are, on the one hand, the empirical aspects, which are 

based ultimately upon events that occur in the streams consciousness of observers, 

and that inform these observers about what they have done, and what they have 

learned from their probing actions. There are, on the other hand, the 

theoretical/mathematical aspects. Quantum mechanics ties these two aspects 

together by certain explicity stated psychophysical rules. Thus the QM 

understanding of nature is conceptually equipped to deal with the issue of 

the connection between mind and brain, whereas the classical conception, which

makes no mention of mind, is not! 

The QM ontology is built around the idea that the 'quantum mechanical 

generalization' of the mathemamatically described 'classical physical state' 

is a propagating wave-like structure that represents "potentialities" 

for detection/observational events to occur. Each such event has a 

classically describable aspect that is supposed to be describable in terms 

of conscious percepts. Each such event has also an associated quantum-physical 

aspect, which is described in terms of the quantum mathematics. The basic rule 

is that each observational event has a physical aspect that consists of a 

sudden jump of the quantum mechanical global wave function to a new form that 

is defined for all times PRIOR to the time of the event; that satisfies in that

space-time region the quantum mechanical generalization of the classical 

laws of motion; and that fits smoothly at the time of the jump onto the state 

that 'would have been there if the observation had not been made' MODIFIED

IN A WELL DEFINED WAY by the effect of the observational event. (The way 

that these rules conform to the physical requirements of the special theory 

of relativity is explained in the cited previous article, and more

fully in my book Mindful Universe: Quantum Mechanics and the Participating 

Observer.)     

In terms of these quantum ideas, there is 50% chance that the incident photon 

will be detected and then absorbed on DID. If this detection/absorption event 

does occur at some time, then, according to the orthodox approach, the global 

field of potentialities will suddenly be reduced at all earlier times to the 

evolving state that connects smoothly via the Schroedinger equation to the 

state detected by DID, with all parts of the prior state that conflict with 

this boundary condition eradicated. Thus the potentiality for the photon to 

be absorbed elsewhere---i.e., at B or D---is suddenly reduced to zero, in 

accordance with the empirical facts. If the photon is NOT detected at DID 

then the global spacetime potentiality field at earlier times will be reduced 

to the part of itself that does *not* lead to absorption at DID, renormalized so 

that there will still be a unit probability for the particle to be absorbed 

somewhere. The collapse interpretation thereby resolves the paradox: 

observation/detection at DID is a physical alternative to absorption/detection

at D. Observation at D is a logical alternative to observation at DID, so that

if the photon is found to be at D then it will not be found at DID. This 

resolution is achieved by allowing a sudden collapse that instantly transfers 

the information about what did or did not happen at DID to the alternative 

possible location of the photon wave packet. This is rationally coherent because

the physically described state represents merely POTENTIALITIES for the 

alternative possible observational events to occur, not a material realty. This 

resolution lies beyond the capacity of a classically conceived world.

Hardy's Paradox is a more sophisticated version of essentially the same problem. In 

this version DID is replaced by a second interferometer, with one of the two alternative 

possible pathways in one interferometer intersecting one of the two alternative 

possible pathways in the other interferometer. The set-up is arranged so as to produce 

complete destruction of the two particles, if they pass along the intersecting pair of 

pathways.

In order to keep track of the particles in the two systems I shall---following Hardy 

---call one an electron E and the other a positron P. Let the two internal pathways be 

labelled I and O (for inner and outer) with the simultaneous occupation of the 

pair of "inner" pathways/states |EI>|PI> being the combination that leads to the 

annihilation of the pair of particles into the purely photonic state |EP>.

Hardy's paradox is this. Suppose the pair of particles is detected in the final pair

of "dark" states |ED>|PD>.  Then the presence of E in the state |ED> entails that the E 

pathway via |EI>|PI> must have been blocked---since otherwise the destructive 

interference of the contribution of this path with the contribution from the 

path via |EO> would have prevented E from being in |ED>. Thus the detection of E 

in |ED> entails that |PI> must have been occupied. Similarly, detection

of P in |PD> entails that |EI> must have been occupied. Thus detection of the 

pair E and P in the final state |ED>|PD> entails that |EI>|PI> must have been occupied. 

But if |EI>|PI> was occupied then this state would have annihilated to form the photonic 

state |EP>. But one cannot have the pair of particles E and P both detected in 

state |ED>|PD>, as was initially assumed, and also annihilated to produce the 

photonic state |EP>. That would contradict conservation of energy, among other things.

How does quantum mechanics resolve the Hardy Paradox?

The initial state, after separation at the first pair of half-silvered mirrors, is

|in>=  (1/2)(|EI> + |EO>)(|PI> + |PO>)

The annihilation interaction changes this state to 

|in'>= (1/2)( |EO>|PO> + |EO>|PI> + |EI>|PO> + |EP> ),

where |EP> is the (photonic) state into which the state |EI>|PI> is converted.

The two D (for Dark) states are essentially |ED> = C(|EO> -|EI>) and |PD>=C(|PO> -|PI>),

where C is the square root of 1/2. Notice that, due to these two minus signs,

<ED|in> = <PD|in> =0,

as required: If the two systems do not interact then the

two dark detectors ED and PD are 'dark'.  

The probability in the state |in'> for detecting the state |ED>|PD> = DD is

|<in'|ED>|PD>|^2 =   

(1/16)|(<EO|<PO| + <EO|<PI| + <EI|<PO|)x(|EO>|PO>+|EI>|PI>-|EO>|PI>-|EI>|PO>)|^2

= (1/16)|1-1-1|^2 =1/16

Similarly, the probabilities for the five orthogonal final states 

DD, DB, BD, BB, and EP are: 1/16, 1/16, 1/16, 9/16, and 4/16, respectively.

If the observed final state is DD, as is assumed in the Hardy Paradox, then,

according to collapse ontology, the global spacetime wave  at all times PRIOR

to the detection event DD jumps suddenly to the wave that evolves via the 

Schroedinger equation INTO THE OBSERVED STATE DD = |ED>|PD>. This general 

quantum collapse process is what resolves also the famous EPR (Einstein-

Podolsky-Rosen) paradox, and accounts in a rationally coherent and geometrically 

visualizable way for the associated faster-than-light transfer of information. 

By virtue of this collapse process the quantum expectation values AFTER the 

DD observation, for the 'number' of pairs in the states 

|EO>|PO>, |EO>|PI>, |EI>|PO>, |EI>|PI>,|EP> are 1/4, 1/4, 1/4, 1/4, 0, 

respectively. 

After the detection of the state DD = |ED>|PD>, the number of particles in the state 

|EI>|PI>, which was previously completely destroyed, is now non-zero! The detection event

DD brought the average number of pairs of particles in the state |EI>|PI> to the value 1/4.

Is this non-zero value for average number of pairs of particles in the PREVIOUSLY 

DESTROYED STATE a contradiction? No! Not according to the collapse ontology!

To understand this more clearly, consider a situation in a space of N+1 dimensions. 

Suppose the initial state |IN> has amplitude c in each of the first N basis states, 

and amplitude zero in the final basis state, where c is the square root of 1/N. 

Suppose a dynamical interaction occurs that changes this state to |IN'> by 

interchanging the amplitudes of the two final basis states. Suppose we make an 

observation on the system in this state |IN'> that yields the answer

'Yes' to the question "Is the system in the state |IN>". The probability of 'Yes' is

|<IN|IN'>|^2= (N-1)/N. If the answer is 'Yes', then there will be a probability of 1/N that the

observed state has a component in the Nth basis state even though a previous interaction occurred

that reduced the amplitude of this basis state to zero. 

Is This puzzling? No! It is an immediate consequence of the basic rule of the orthodox collapse 

ontology, which says that if the query posed by the probing action elicits the response 'Yes', then

the space-time wave field of potentialities at times PRIOR to the quantum jump will jump to the form

that leads smoothly to the state that represents the answer 'Yes'. 

In general, each observational event changes the state from what it was before this event 

to the one specified by the 'Yes' or the 'No answer to the probing question. It is therefore 

a basic feature of quantum mechanics that by merely observing the system, and getting a reply, 

one can undo, with respect our future experiences, the effects of a dynamical change that 

occurred prior to the observation. Each observation effectively changes the tendencies inherited

from the past! 

The Hardy Paradox is thus fully resolved by the quantum ontology: it is puzzling only

if one denies the quantum ontology and tries to understand the world in terms of classical 

ideas, according to which the annihilation of the state |PI>|EI> into (unobserved) photons 

could surely never be undone by merely making a local observation, and getting a local reply. 

Given this understanding of nature, which always works in actual practice, what well

informed scientist could believe that a situation involving critically the effects of our 

observations could be adequately described in terms of the classical conception 

of the world? That conception covers, in principle, only those situations in which 

the observation-associated potentialities---such as those that were essential to the 

resolutions of the two paradoxes discussed above---can be replaced by material-type realities. 

The example of the N+1 dimensional system discussed above shows clearly that an observation X

that acts only in a physical subspace S can eliminate, without any physical interaction, 

the future effects of a part of the prior physical state that lies completely outside of S,

and that would very soon have had an observable effect if the observation X had not occurred. 

That is, nature allows, and in fact generally demands, effective retrocausal effects which, 

although they cannot be used to send controlled messages backward in time, can nevertheless 

strongly influence the future in observable and measurable ways. 

The Hardy Paradox is a paradox only because this correlation between present and future 

by way of the past is counterintuitive. In a classically conceived world a simple local 

observation cannot undo an earlier creation of photons that have flown away, unobserved, 

at the speed of light. But the quantum collapse ontology provides a rationally coherent, 

and geometrically visualizable, ontological account of this retrocausal effect, along with

the closely related faster-than-light effect associated with the EPR (Einstein-Podolsky-

Rosen) paradox.

In binocular rivalty there are many unresolved questions pertaining to top-down causation:

i.e., pertaining to measured features of the subject's brain that are empirically tied to 

the state of conscious of the subject. [See eg. Visual Competition: Blake and Logothetis, 

Nature Reviews,31, 1 (2002)] The old idea of "A Neural Correlate of Consciousness"

("The minimal set of neural mechanisms jointly sufficient for a specific

conscious percept or experience." Koch) has never been been validated, and current 

research seems to be focussing more on causal relationships between different

processes such as fatigue, lateral inhibitions, feed forward and feed back,

with consciousness an empirical variable not yet adequately tied to brain activity. 

Classical physics models of the mind-brain connection call for strictly local 

forward-in-time causal connections, but have no rational place for consciousness. 

On the other hand, QM was specifically designed to relate these two aspects of the

scientific approach, namely the empirical aspects, which are rooted in perceptual events, 

and the theoretical aspects, which are rooted in mathematical structures that we have 

either invented or discovered.

Von Neumann qives rules that relate these two aspects of the mind-brain

dynamics. These laws cover, as a special case, a brain that interacts so strongly with 

its environment that the density matrix is effectively a classical field-theoretic 

probability distribution. But there still remains the need to connect the *inherently 

spreading* probability distribution to experienced actualities: the physically described

probability distribution associated with the subject's brain must, from time to time, 

be reduced to a form that is compatible with perceptual and conceptual events in the

subject's stream of consciousness. I know of no principle that blocks the functioning 

in brains of the quantum principles that are so clearly displayed in the resolution 

of the Hardy Paradox.

Of course, that Paradox involves quantum interference. But the example in the

space of N+1 dimensions shows that the basic quantum mechanism of retrocausation is

not tied in any essential way to quantum interference effects. It arises rather

from a basic feature of the quantum understanding of the world, namely that AN 

ANSWER to a query changes the probabilities for future events by effectively 

'respecifying the past' in the way required to make it fit smoothly onto the 

new state that is created by that observation. (The mathematics of this process 

has been described in detail in Mindful Universe.) Effects of such retrocausal

action are observable and measurable in principle, and they cannot generally 

be explained within the framework provided by the classical materialist 

understanding of the world.

I am sending this rather detailed reply to your query as a preface to an intended

experimental proposal, based on the application of orthodox QM to the phenomena 

of Binocular Rivalry, that could reveal empirically the presence of a retrocausal

effect incompatible with any classical model of the mind-brain system.

All the best,

Henry

P.S. The experiment that I am contemplating, but am not yet ready to propose,
is a binocular rivalry experiment. Suppose a subject has a histogram of transition

times from scene A to scene B that peaks, say, at 2 seconds. At 1.5 seconds let the
image of scene B be sometimes flashed briefly to one eye or the other, or to both eyes. Let the brightness and the abruptness of the flash be tailored  so that the histogram will show a significant increase for the interval between 1.5 and 2 seconds, but not a definite

appearance of scene B. The empirical question is:
Will any physically measured EEG or MEG signal show a statistically significant increase prior to 1.5 seconds? 
I am supposing that in the instances in which there are earlier-than-normal appearances 
of the scene B the query “Is scene B appearing?” has been posed and answered affirmatively. If this affirmative answer induces a collapse that produces a retrocausal action, then the potentialities leading up to that affirmative answer may become activated before the affirmative answer is given. If the electrical activities in, say, the middle levels of the visual hierarchy correspond to competing processes between scenes A and B then the quantum retrocausal action could enhance the processes corresponding to scene B 
BEFORE  the flash presentation occurs. A significantly stronger signal associated with scene B prior to 1.5 seconds in the random instances where the flash occurs, relative to cases in which no flash is presented, would run counter to the precepts of classical physics. 
This experiment is not ideal. For one thing there are the competing affirmations

of the observation of scene A that are occurring during the period of interest. The associated collapses will tend to diminish the looked-for effect.
I include this premature account both in order to give a general indication of my line
of thought, and in order to solicit technical criticisms, both con- and de-structive.
Subject: RE: Hardy's Paradox, Weak Measurements, Retrocausation,Mind-Brain,Binocular Rivalry Experiment

On Tue, 24 Mar 2009, Kelly, Edward *HS wrote:

> Dear Henry, I may be missing something important here,

but given the variablity of switching/duration times

I don't see how you could cleanly distinguish between

quantum-type retrocausal effects and forward causal

effects of the conventionally-conceived kind. On the

positive side, I think Ramesh Srinivasan's procedures using

frequency-tagged reversing gratings could be adapted to your needs

- see attached. Ed

>

Dear Ed,

I was thinking of a face versus house sort of rivalry, with the

flash time specified by any criteria, folded into a random

flash or no-flash choice, and comparing fusiform activity

in the flash and no flash instances in the period shortly

before the flash versus no-flash choice. But I was already

thinking of using other possible ways of tagging the differences

between the two kinds of brain activity if the EEG/MEG signals

could not single out fusiform activity. All suggestions are welcome. Many thanks for this one.

Gratefully yours,

Henry

