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COMMENT ON A LETTER RELATED 

* TO BELL'S THEOREM 

Henry P. Stapp 

Lawrence Berkeley Laboratory 
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Berkeley, california 94720 

ABSTRACT 

LBL-14297 

A conclusion asserted in a recent letter is analyzed and 

shown not to follow from the arguments given. Also, Bell's 

theorem is formulated as a nonlocality property of quantum 

theory itself, with no explicit or implicit reference to 

determinism or hidden variabies. 

* -This work was supported by the Director, Office of 

Energy Research, Office of High Energy and Nuclear 

Physics, Division of High Energy Physics of the U.S. 

Department of Energy under Contract DE-AC03-76SF00098. 

~2 ...::_'A., 

2_ 

In a recent letter
1 

related to Bell's theorem2 Arthur Fine proved 

several propositions, and asserted the following conclusion: 

"Proposition (2) shows that, despite appearances, no significant 

generality is achieved by those derivations of the Bell/CH inequalities 

-that dispense with explicit reference to hidden.variables and/or 

determinism:
9 

The assumptions of such derivations imply the existence 

of deterministic hidden variables for any experiment to which they 

apply." 

This conclusion consists of two assertions, which must be 

distinguished. The second is meant to be-a rephrasing of Proposition 

(2), and, as such, is technically correct. However, it is misleading 

due to two semantic irregularities: (1) Fine leaves the word "local" 

out of his name "deterministic hidden variable inodels." Usually this 

word is inserted to remind the reader that the models in question have 

an important factorization property that normally arises from the idea 

that the deterministic hidden variables are separated into two local 

parts, each of which determines those results of the experiment that 

occur in one of two separated regions. (2) Fine leaves the word_ 

"model" out of the rephrasing. This creates the impression that what 

was proved was the actual existence of deterministic hidden-variables, 

rather than the existence of a certain kind of factorizable model. 

The first part of Fine's conclusion is incorrect: Proposition 

(2) shows that any assumption "LOC" that entails the Bell/CH inequalities 

entails also that any probabilities conforming to LOC can be modeled, 

or reproduced, by what is called by Fine a deterministic hidden 
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variable model. This true fact has no logical bearing' on the issue 

of the generality achieved by the cited works that dispense with de-

terminism and hidden variables. For the correct and proper aim of those 

works is to dispense with all explicit and implicit reference to de-

terminism and hidden variables in forming the definition and physical 

justification of a locality property that is incompatible with. the 

statistical predictions of quantum.theory. It is well known that in 

these works the actual arithmetic· proof of the incompatibility with_ 

quantum theory is essentially the same as in Bell's earlier work based 

on local deterministic hidden variable theories. Thus it is i.lnportarit 

that the general conception of nonlocality, though leaning in no way 

on determinism pr hidden variables for its,definition or physical 
\.· 

justification, nevertheless leads to conditions on the conceivable 

results of experiments that-are essentially equivalent to tho~e that 

B~ll showed incompatible with the statistical predictions of quantum 

theory. Then, because the general· conception of nonlocality is 
. . ·, ..... 

defined and physically jus~ified with no explicit or implicit refer-

ence to determinism or hidden v~riables ,_ Bell's nonlocali ty theorem 

can be extended to theories, s:ilch as .. quantum 'theory itself,. that make 

no assilmp~ion about determinism or hidden variables. 

To make this point absolutely clear a concrete example of a 

generalization of the kind under discussion is needed. Rather than 

restating an existing work, I use the opportunity to present a 

modified, and intrinsically interesting, version 9f the theorem of 

Ref. 3 that makes .weaker assumptions and shows quantum theory itself 

to be .nonlocal in a phy-sically reasonable sense that is formulated 

......._ 
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with rio expl~cit or implicit reference to determinism or hidden 

va~iables. 

The pol.nt of departure-is Bell's theorem, which says that any 

theory. compatible with the statistical predictions of quantum theory 

is nonloca-1, provided the theory is a deterministic hidden.:v'ariable 

theory. --The aim of the generalization is to remove this proviso. 

- . . d h 1 . 2 • 3 The ex~er1ment use to demonstrate t e resu t 1s well known. 

I add one extra feature. The particles ent_ering the original 

sca~terinc:J experiment are monitored by fa'st electronics that allow 

tne individual pairs to be identified. Those scattered pairs i 

that pass through two polar escape holes in a spherical array of 

counters are numbered i = _(1, ••• , n). The fast electronics and 

known geometry allows the individual arrival times ti at two Stern-

Gerlach devices A and B to be placed in separate and known time 

windows;. 

The result_of the experiment is specified by 

r (rA1 rB) 

(rAl ••• , rAn; rBl' •.•• , rBn)' , . . 
(1) 

where each rAi and rBi takes a value of either +1 or -1, corresponding 

·to a deflection along-the direction DA or DB, or against this 

direction, respectively. 

There are two alternative possible settings Di and Di of the 

directionlDA, and two alternative possible settings D~ and D~ of DB • 

.0: -:,.., 
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The experiments are set-up so that both the choice between Di and DA 

and the subsequent deflections and recordings of the results riA 

i = (1, 2, ••• n) will occur in a spacetime region RA, and similarly 

for B, where RA and ~ are spacelike separated. 

The four alternative possible experiments are labeled by the 

four values of (DA, DB). For each alt~rnative value of (DA, DB) 

there are (2nl
2 

conceivable results r. To each conceivable result 

r of each of the four alternative possibilities (DA, DB) quantum 

theory assigns a probability P. 

Consider the set S consisting of all conceivable combinations of 

the conceivable results of all four alternative possible experiments. 

The different elements of S correspond to the different possible 

functions 

r(DA, DB) 

(rAl (DA, DB), ••• , rAn(DA, DBl1 rBl (DA, DB), ••• , rBn(DA,DB)), 

(2) 

where the possible values of each function rAi(DA, DB) and rBi(DA, DB) 

are +1 and -1. 

A general theory T that makes statistical predictions for all four 

possible experiments of the kind under consideration here will 

be said to entail a nonlocal connection (or be nonlocal) if, as n tends 

to infinity, there is no conceivable combination.of conceivable results 

of the four alternative possible measurements that- is compatible with 

both the statistical predictions of T and the locality conditions that 

the results in each region be independent of the choice made in the 

.. -::. 
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other: 

rAi(DA, DB) rAi (DA)' ilti_ (DA' DB) 'rBi (DB) • (3) 

Quantum theory predicts that, whichever of the four experiments 

(DA, DB) is performed; the correlation parameter . 

c(rCDA, DBl) 

1 
n 
E (4a) riA(DA, DB) riB(DA, DB) 

n i=l 

will, as n tends to infinity, come to satisfy 

lc[r!DA, DBl] - ~(DA, DB) I < .03, (4b) 

where c(DA, DB) is a number specified by quantum theory. But Bell's 

arithmetic shows
3 

that there is no conceivable combination of conceiv-

able results that satifies both (3) and (4). Thus any theory T that 

gives the prediction (4) is nonlocal. One such theory is quantum 

theory itself. 

What'do Fine's arguments and results show. As delicate issues 

are involved it is best to state things precisely. Consider a couple 

(E, T) consisting of an experiment E, and a theory T that makes 

predictions about E. Each experiment E consists of a set of four 

alternative_ possibi-lities of the kind being discussed. 

Some theories predict probabilities and ~orne predict individual 
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results: Let P(E, T) represent the probabilities predicted for E· 

by T, if such predictions are made. Let (F)'. represent the. conditions 

imposed :on P(E, T) by the requirements on Fine's class of determif!istic 

hidden-variable models. Let R(E) represent a conceiv~le combination· 

of ·conceivable results of E. 

Two classes of, couples· (E, T) may now be· defined: 

CFD = {(E, T); P(E, T) is defined and.satisfies (F)} 

CNL = { (E, ·T); P (E, T) is defined, and no conceivable 

R(E) is compatible with both 

. P(E, T) and (3)} 

The subscripts FD and NL stand for Factorized Deterministic (as 

(4) 

(5) 

defined by Fine's equations) and Nonlocal (as defined by the present 

work) • Two semi-complementary classe~ CNFD and CNNL = CLOC are 

defined by changing "satisfies" to "does not satisfy" and."no" to' 

"some", respectively. 

Two conceivable definitions of nonlocal theories are identified 

by the following two classes of theories:' 

TNFD :: {T; for some E, (E, T)E: CNFD}, (6) 

;:-.~ ~· 
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TNL :: {T; for some E,, (E, T)e: ·cNL}. (7) 

The final class is the one defined 'in this work. The other possi'-

bilit~i ~ses the equations of 'Fine. 

Fine 15 argument claims tha.t CLOC is contained in CFD: CLOCC CFD. 

This result is· true: i.t follows immediately from the fact that if a 

set of conceivable results R(E, 'r) sat·isfies the independence property 

(3),•then: the probabilities generated by those. results will satisfy the 
. . . 

crucial· factorization 'property imposed by·Fine's equations. 4 (This is 

th~· property that each of the four four:.::valued functions (AB ()..), AB' (A), 

A'B(A), A'B' (A)o) normally required to model such an experiment be 

factorized into a product of two two~valued functions: 

AB(A.') = A(A.)B(A), AB' (A) '= A(A.)B' (A.), A'B.(A) = A' (A)B(A), 

A'B' (A) = A' (A)B' (A).). It is easy to prove also that c"FDc CLOC, and 

thus derive CLOC = CFD' and hence conclude that TNL = TNFD" Thus the 

definition of nonlocal theories introduced in this work is equivalent 

to a similar one that could be defined by usi'ng Fine's equations. 

The equivalence of these two alternative possible definitions 

of nonlocality, which is the essential basis of Fine's claim, has no 

effect oh the generality achieved by definition (7). For simply de-

fining a theory T to be nonlocal if it belongs to class TNFD would 

not permit any claim of havihg derived a nonlocality property of, say, 

quantum theory, with no explicit or implicit reference to determinism 

or hidden variables. For this definition depends on the concept of 

deterministic h~dden variables. What is needed is a conception of 

nonlocality that makes no explicit or implicit reference to determinism 

~ -_':" 
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or hidden variables, and which leads, via the conflict between (3) 

and (4) discovered by Bell, to a conflict between locality and any 

theory that gives the quantum predictions (4). Such a concept of non-

locality is embodied in definition (7). 

The fact that this conflict between (3) and (4) can also be formu-

lated, as it originally was, by using deterministic hidden variables has 

no bearing on the fact that is essential for the kind of generalization 

being sought, namely that it is not necessary to invoke determinism or 

hidden variables in order to exploit the conflict between (3) and (4). 

The essential point is that there are no actual mathematical con-

ditions on the equations of Bell from which the contradiction with 

quantum theory arises that demand that the functions rAi (DA, DB) and 

rBi·(DA, DB) in his·· proof represent the results' of the alternative 

possible experiments determined beforehand by some invisible variables. 

Thus, from a mathematical point of view, the content of his result. is 

not well represented by the words "deterministic hidden variable": 

these words are present, but· there are no·.· corresponding ma-thematical 

conditions of "beforehandeness"·and "invisibility." The aim or the gen-

eralization is to exploit th~s fact, and show how to use Bell's. mathe

matics without getting embroiled with these irrelevant concepts of 

determinism and hidden variables. 

The formulation of nonloc'ality used here avoids having to introduce 

the concept that all four alternative possible results of the experiment 

be determined beforehand by hidden variables. This concept assigns 

definite· results to experiments that "could have been ·performed but were 

not." The need to use this contrafactual concept severely limits the 

'~ ~-· 

10 

scope of the theorem, in the form originally put forth by Bell. The 

present formulation asserts that a theory entails a nonlocal connection 

if it makes statistical predictions, and these predictions, by themselves, 

entail (in some cases) that there is no way within the set of all con-

ceivable combinations of conceivable results for the results in each re-

gion to be independent of the choice made in the other region. Quantum 

theory has such a nonlocal connection: that is what Bell actually dis-

covered. Tying this discovery to the mathematically irrelevant con-

cepts of beforehanden~ss and invisibility obscures its logical essence, 

and needlessly curtails its significance. For the functions rAi(DA, DB) 

and rBi(DA, DB) can more rationally be viewed as defining the set of all 

conceivable combinations of conceivable results. 

The nonlocality property of quantum theory discussed here does not 

conflict with the microcausality property of quantum theory, which 

prevents faster-than-light co!IU!IUilication by means of quantum observables. 

As ·stressed in reference 3 the nonlocality property of quantum 

theory does not necessarily entail nonlocal influences: there appear 

to be two alternatives. The first is a superdeterminism, in which the 

choice of the experimenter is not effectively free: some tight con-

nection from their common past binds the results in one region to the 

choice of experiment in the other. The second alternative, exempli-

fied by the many-worlds (or many-minds) interpretation of quantum 

theory, exploits the fact that experienced worlds in which the results 

in both regions are definite are confined to the intersection of the 

forward light cones from the .two regions. The third alternative is 

that the manifestly nonlocal character of von Neumann's prJcess 1, 

unlike that of its counterpart in classical statistical mechanics, 

reflects the existence of subtle nonlocal influences that are not 

evident at the level of probabilities and averages normally dealt 
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with by pragmatic quantum theory and classical"inechanics. 
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