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April 1982 ' Y . 1BL-14297
COMMENT ON A LETTEkngLATED : . -In a recent leti;er1 related to Bell's theorgm2 Arthur Fine provéd
TO BELL'S THEOREM* . .» several propositions, and asserted the following conclusion:.
"Proposition (2) shows that, despite appearances, ﬁo significant
Henry P. Stapp ' o . . generality is achieved by those derivations of the Bell/CH inequalities
Lawrence Bérkeley Laboratory‘ ) .that dispense with explicif reference to hidden .variables and/or
University of California 9
Berkelgy, California 94720 ‘ determinism: The assumptions of ;uch derivations imply the existence
' of deterministic hidden variables for any experiment to which they
ABSTRACT » - L » apply."
A conclusion asserted in a recent letter is analyzed and ‘ _ This conclusion consists of two assertions, which must be
shown not to follow from the argumeﬁts given. Also, Bell's - . distinguished. _The second is meant to be-avrephrasing of Proposition
theorem is_fotmulated as a nonlocality property'of quantum (2), and, as‘such, i§ technically correct. Hoﬁevér,_it is misleading
theory itself, with no explic1€ or implicit reference to . due to two sémantic irregularities: (1) Fine.leaves the worﬁ}“local“
determinism or hidden yé;i;bies_ out of his name "deterministic hidden.variable models." Usﬁaily this
word is inserted to‘remiﬁﬁ'the reader ghat £he models in questioﬁ have
an important factorization property that normally arises from the idea
that the §e§grmihistié hidden variables are separated into fwo.local
_parts, each of which determines those results of the gxperiment that
v occur in one of two separated regions. '(2)vFine leaves the word.

* “Tbis work was s§pported ﬁy the DirecFQr, Office of i "model” out of the rephrasing. This creates the impression that what
Energy Research, Office of High Energy and Nuclear [ was proved was the actuai existence of deterministic hidden-variables,
Physicsf Division Pf High Eneréy ?ﬁysics of the U.S. , rather than the existence of a éertain kind of factorizaple mﬁdel.
Department of Energy under Contract DE-AC03-76SF00098 . The first part of Fine's conclusion is incor¥e§t: Propoéition

(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



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 guantum. theory. ‘It is well knowntthat.in
"these works the actual arithmetic‘prdof of the incompatibility with
quantum theory is essentially the same as in Bell's earliex work based‘
on local deterministic hidden variable theories. Thus it is important
that.thebgeneral conception of nonlocality, though leaning in no way
on oeterminism or hidden variables- for its’?efinition'or physical
justification,vnevertheless leads to oonoitions_on the conceivable
results-of experiments that‘are'essentially equivalent to those that
Bell showed’ incompatible Wlth the statistical predictions of quantum
theory. Then, because the general conception of nonlocality is
defined and phySically_Justified With no expliCit or impliCit refer-
ence to determinism or hidden yariables, Bell's nonlocality theorem
can be extended toitheoriés,isuch as,quahtum'theory'itself,,that make‘:
no assumption 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 of the theorem of

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

to betnonlocal'in a physically reaSOnable sense that is formulated

with no explicit or implicit reference to determinism or hidden

) variables.j

The pOint of departure is Bell s theorem, which says that any

! theory compatible With the statistical predictions of quantum theory
‘lS nonlocal prov1ded the theory is a deterministic hidden—variable

‘theory. ~The aim of the generalization is.to remove this.prOViso.

: The experiment used tovdemonstrate‘the result is well known.z'3
I add?one'extra:feature. The particles entering the original
scattering experiment are monitored by fast electronics that_allow
the individual pairs to be identifieq.' Those scattered_pairs i

that pass through two polarbescape‘holes‘in a spherical array of
counters are.numbered i = X oees n)l .The fast electronics and
known geometry allows the individual arrival times t 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

a1, "°f Tan’ Tmy’ tvcr Tpnlt o )

where each 3% and Tni 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 DA and D; of the

directionfbA, and two alternative possible settings Dé and Dg of DB'

™
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The experiments are set-up so that both the choice between DA and DR

and the subsequent deflections and recordings of the results Tia

i= (1, 2, ... n) will océuf in a spacetime region RA, and similarly
for B, where RA Qnd RB ére spacelike separated.

The four alternative possible experiments are labeled by the
four values of (DA' DB). For each altgrnative value of (DA, DB)
there are (2n)2 conceivable results r.. To each conceivable result
r of each of the four alternaéive 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 corresp&nd to the different possible
functions ”

r(DA, DB)

(2)
where the possible values of each fgnctlon 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 céﬂnection-(or be noplocél) if, as nbtends
to infinity, there is no conceivable combiﬁation.of conceivabie resu}ts
of the four alternative pdssible‘measurementé tﬁatvis compatible Qith

both the statistical éredigﬁions of T ana the 16ca1i£y éonditions that

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

(rAl(DA' DB), ey rAn(DA, DB); rBl(DA' pB),..., an(DA,DB)),

other:

Ta; (Das by) (DA’ D)) =t '(DB)' ) (3)

= a1 Pp)r Ty B~ mi
Quanéum theory predicts that, whichever of the four experiments

(DA’ DB) is performed; the correlation parameter -
c[r(DA, DB)]
n
;E r. (D, DB) r. (D, DB) ) (4a)
will, as n tends to infinity, éome to Satisfy
le[zt,, pp)] -etd,, D < .03, o (4D)

Whére ;(DA, DB) is a number specified by quantum theory. But Bell's
arithmetic shows3 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. 6ne such theory is quantum
theory itself.

'l What do Fine's grguments 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 Sbout E. Each expgriment E consists of a set of four.
alternative_possibilities of the kind being discussed.

Some theories predict probabilities and some predict individual



results: Let P(E T) represent the probabllltles predlcted for E . o - .

A TNL”E.{T; for some E,- (E,'T)E’jCNL}. - o
be T,. if such predlctlons are made. Let (F) represent the condltlons L A -
1mposed on P(E, T) by the requlrements on Flne s class of’ determlnlstlc ) L )

T ‘ The final class is the one defined ‘in this work. The Sther possi-
hldden-varlable models. Let R(E) represent a conceivable comblnatlon L o h ’ o s
: bility uses the equations of Fine..
of concelvable results of E. ; '

Fine's argument clai 2 i tai i :
| gum nt claims thet CLoc rs contalned in CFD CLodc(Z

This result is true: it follows immediately’ from the fact that if a
set of conéeivable results R(E, T) satisfies the indeperdence property

. ) (3),<then;the'probabilities generated by those results will satisfy the
. Two classes of, couples (E, T) may now be defined: I ‘

- R TP ) . . . 4 -
crucial factorization property imposed by Fine's eguations. (This is

-

'the-property that each of the four four#?alued functions (AB(A), AB'(}),

Cpp = {(E, ; P(E, T) is defined and satisfies (F)} (1) =
. s : A'B(A), A'B' (L)) normally required. to modélsuch an experiment be
factorized into a product of two two-valued functions:
o o : . ) AB(X) = A(A)B(A), AB' ) = A()\)B (X)), A'B(A) = A' (A)B(A),
CNL = {(E, T); P(E, T) is defined, and no conceivable .
. . . . L R A'B'(A) = A" (M)B'(A)). It is easy to prove also that CFD‘= CLoc and
"R(E) is compatible with both !
. ~ thus derive CLOC-= CFD' and hence conclude that TNL = TNFD' Thus the

"P(E, T) and (3)} - (5) _ L v v _
. : ‘ : definition of nonlocal theories introduced in this work is equivalent

- " : - . - to a similar one that could be defined by using Fine's equations.
The subscripts FD and NL stand for Factorized Deterministic (as
S . . - s The equivalence of these two alternative possible definitions
defined by Fine's equations) and Nonlocal (as defined by the present .. _: ’ :
S . of nonlocality, which is the éssential basis of Fine's claim, has no
work) Two seml—complementary classes C NED and CNNL = CLOC are ) ’
: ’ . ) effect on the generality achieved by definition (7). For simply de-
deflned by changing “satlsfles" to "does not satisfy" and "no" to’ ’ '
: ; fining a theory T to be nonlocal if it belongs to class TNFD would
"some", respectlvely. . . .
- not permit any claim of having derived a nonlocality property of, say,
Two concelvable deflnltlons of nonlocal theorles are identified ) .
quantum theory, with no explicit or implicit reference to determinism
by the follow1ng two classes of theories: ) )
: or hidden variables. For this definition depends on the concept of

_ . deterministic hidden variables. What is needed is a conception of
T = {T; for some E, (E, T)e C__ 1}, (6) '

NFD . NFD 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 thét 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 originaily Qas, 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 i§'that there_aie no: actual mathematical con-
ditions on the equat%qns-of Beli from'which the contradiction with
quantum theory arises that deméndithat the. functions fAi(DA' DB) and
rBi(pA, DB) in his' proof represent the results of fhé alternative

possible experiments determined beforehand by some invisible variables.

Thus, from a mathematical point of view, the contenfxof his result. is
not well represented by the words “"deterministic hidden variable":
these words are présent, but‘fhere are no-: Corresponéing mathematical
conditions of'“beforehandeneéé"faﬁd “inviSiﬁility.“ The aim or the gen-
eralization is to egploip;thié fact, aﬁd show how to use Bell's mathe-
matics without getting embroiied with-Ehese:irrelevant‘concepts of
determinism and hidden variables.

The formulation of nonloc¢ality used here évoids having to introduce
the concept that all four alternative possible results of the experiment
be determined beférehand by hidden variables. This concept assigns

definite'resultS'tovexperimentS'that "could have been pérformed 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 statisticai predictions, and these predictions, by themselves,
entail (in some cases) that theré is no way within the set of all con-
ceivablé combinations of conceivable results for the results in each re-
gion to be independent of the choice made in the.other region. Quantum
tﬁeory has such a nénlocal connection: thatlis what Bell actually dis-
covered. Tying this discovery to tﬁe mathematically irrelevant con-

cepts of beforehandeness and invisibility obscures ifs logical essence,

and neédlessly*curtails its significance. For the functions rAi(DA

' DB)
and rBi(DA’ DB) can more ;atibnally be viewed as defining the set of all
conceivable combinations of conceivable results.

The nonlocality prpperty of quantum theory discussed here does not
conflict with the microcausality pioperty of quantum theory, which
prevents faster-than-light communication by means of quantum oﬁse;vables.

As stressed in reference 3 the nonlocality'prpperty 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 tﬁe experimenter is not effectively frée: 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 (of many-minds) interpretation of quantum
theory, exploits the fact that experienced worlds in which the results
in both regions are definite are cénfined 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 process 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  mechanics.
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