
Joy Christian FAQ   

Started Mar. 25, 2012 

Following is a FQXi Blog reply that Joy Christian posted in response to some questions from Edwin 

Eugene Klingman.  If anyone would like to add some questions to this, please post your questions on 

the FQXi blog(s) pertaining to the discussions. 

Hi Edwin, 

 

Thank you for your comments. Let me answer your questions first in brief and then in detail: 

 

Q1. Joy should declare whether the key equation defining the fixed and lambda-dependent bases 

apply at the same time, independent of experimental runs, or at successive times, on a (random) run-

by-run basis. 

 

A1. L = +1 and L = -1 options never ever happen at the same time. This is not a special condition I 

have imposed on my model. It is a condition Bell explicitly imposed on his local-realistic framework, 

and for very good reasons (cf. the first two papers in his book). L is either +1 or -1 for a given run of 

the experiment. It defines the initial state of the pair of spins, or a common cause responsible for the 

subsequent correlation between A and B, for each run of the experiment. 

 

Q2. Hopefully Joy will explain exactly why an a x b term that vanishes in the calculation of the 

correlation is verboten at any time leading up to the final stage, and if so, why does it even appear in 

the statistics. 

 

A1. There is more to Bell's theorem, EPR physics, and parallelized 3-sphere than the correlation -a.b. 

There is also Bell-CHSH inequality, which is based on four correlation functions such as E(a, b). The 

latter do not all happen at the same time. At least three of the four are valid only counterfactually, 

and yet all four play significant role in the derivation of the Bell-CHSH inequality. There is nothing 

wrong with that. Bohr never objected to the counterfactual reasoning used by EPR, because such 

reasoning is essential for doing physics. The term mu.(a x b), although operationally zero, is 

counterfactually non-zero for each run. It is responsible for producing the upper bound 2\/2 on ALL 

quantum correlations, not just the EPR-B correlation. Moreover, topologically, the terms such as mu.(a 

x b) represent non-vanishing torsion within the 3- and 7-spheres, and are thus responsible for the 

very existence and strength of ALL quantum correlations (cf. the attached paper). The term mu.(a x 

b) is thus one of the greatest strengths of my framework. Those who are determined to undermine my 

work at any cost to physics and their own personal gain have not bothered to understand the deep 

physical, philosophical, and mathematical connections the term mu.(a x b) forges among the 

apparently disconnected facts discussed above. To understand these connections, it is inevitable to dig 

deep into some of my more involved calculations. 

 

Q3. If the a x b term does appear, but then disappears in (7) [isn't the epsilon_jkl term the a x b?] 

then why say it doesn't appear earlier? 

 

A3. The eps_ijk a_i b_j is indeed just a x b. The answer to this question is the same as the previous 

answer. mu.(a x b) is just another standard score, which vanishes on the average, but does not 

necessarily vanish counterfactually (please also see the answer I gave you at the beginning of this 

blog). 

 

Next I reproduce some parts of my recent reply to Rick to substantiate the above answers: 



[second post] 

To continue, there is absolutely nothing invalid or pathological about the multiplication rule 

 

(1) B_j(L) B_k(L) = - delta_jk - eps_jkl B_l(L), 

 

given the isomorphism 

 

(2) B_i(L) = L B_i(L = +1) 

 

for L = +1 or -1. Eq. (1) is simply a succinct way of writing the choice Nature must make at the start 

of each run of an EPR experiment between the two alternative multiplication rules 

 

(3) B_j(L = +1) B_k(L = +1) = - delta_jk - eps_jkl B_l(L = +1) 

 

or 

 

(4) B_j(L = +1) B_k(L = +1) = - delta_jk + eps_jkl B_l(L = +1), 

 

where the last equation follows from substituting (2) into (1) for the case L = -1. It is also perfectly 

legitimate to rewrite these two alternatives as 

 

(5) B_j B_k = - delta_jk - L eps_jkl B_l, 

 

since the argument (L = +1) of the functions B_j(L = +1) occurring in both (3) and (4) is the same. 

Apart from a slight abuse of notation, there is nothing pathological about even this last equation, 

because the two alternatives it represents NEVER happen at the same time. They are simply two 

alternative possibilities available to Nature at the start of each run of the experiment. Inevitably, 

Nature must choose only one of them for a given run. 

 

Now Alice and Bob have no idea which of the two alternatives, (3) or (4), Nature has chosen for a 

given run. Without knowing Nature's choice, they must also make a choice between the rules (3) and 

(4), before separating to a space-like distance from each other. They must do this, not only to define 

the handedness of their measuring devices, but also to be able to compare their results afterwards, at 

the end of the entire experiment. Without knowing Nature's choice, they must make a choice of a 

basis, for all runs of the experiment they plan to perform. Let their common choice be the basis { 

B_j(L = +1) }, corresponding to the multiplication rule (3). 

 

Next, the construction of the measurement functions A(a, L) = +/-1 and B(b, L) = +/-1 (as defined in 

eqs. (1) and (2) of my paper) is straightforward. And the algebraic manipulations leading up to 

equation (6) of the paper are also unproblematic, because they do not involve summation at all. 

Eq.(6) simply expresses covariance of the standard scores { a_j B_j(L) } and { b_k B_k(L) } 

corresponding to the raw scores A(a, L) and B(b, L), whether or not one plans to sum over these 

scores. Since each such score corresponds to a different alternative chosen by Nature, there really is 

no issue here before summation is considered. What is more, for each alternative L^i, the following 

identity follows from equation (1) above: 

 

(6) { a_j B_j(L^i) } { b_k B_k(L^i) } = -a_j b_j - eps_jkl a_j b_k B_l(L^i). 

 

Let me stress once again. The experiment is over; the raw scores have been recorded; and the 

corresponding standard scores have been calculated. At each stage of these procedure no summation 



of any kind, let alone over alternative terms within different algebras, need be considered. What one is 

trying to evaluate in an EPR experiment is the first moment of the product A(a, L)B(b, L). But in my 

model that turns out to be equivalent to evaluating the first moment of the product  

 

(7) { a_j B_j(L^i) } { b_k B_k(L^i) }, 

 

which is identical to 

 

(8) -a_j b_j - eps_jkl a_j b_k B_l(L^i). 

 

Without considering any summation, one can first reduce the last expression to 

 

(9) -a_j b_j - L^i eps_jkl a_j b_k B_l(L = +1) 

 

by using equation (2) above to obtain 

 

(10) B_i(L^i) = L^i B_i(L = +1). 

 

This relationship of course sets up an isomorphism between the two algebraic structures defined by 

the multiplication rules (3) and (4). Since Alice and Bob are the ones who are performing the 

measurements and evaluating the final sum over their observed results, it is essential to use this 

isomorphism to obtain (9). The basis { B_j(L^i) } are the choices made by Nature for each 

independent run of the experiment. These choices are likely to coincide with the choice of basis made 

by Alice and Bob only for the 50% of the runs. For the remaining 50% of the runs Nature's choice will 

anti-coincide with the choice made by Alice and Bob. The precise criterion for which choices made by 

Nature will coincide with the choice made Alice and Bob and which choices will anti-coincide is given 

by eq.(2) or (10) above. The correlation between the numbers A(a, L) and B(b, L) are then simply the 

first moment (i.e., the mean) of (9). But this expression is an element of one single algebra 

corresponding to the case L = +1. Therefore the corresponding sum is perfectly well defined, and in 

the large-n limit gives the result E(a, b) = -a.b. Thus the worries raised by some are quite misplaced, 

to put it mildly. They arise because of the unjustified separation of the physics of the experiment from 

its algebraic model. When the product moment E(a, b) is evaluated from the perspective of the 

experimenters Alice and Bob, the correct answer for their observed correlation is inevitably equal to -

a.b. 

Best, 

Joy 


