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PHILOSOPHICAL J'v[)TIVATIONS OF BELL'S TFlliOREM 

AND 

THE EXPERIMENTER'S PROBLB/ 

joJm F. Clauser* 
Dept. of Physics and Lawrence Berkeley Laboratory 

""University ofCalifornia; Berkeley, California 94720 

Fot a physicist an important question that Bell's theorem leads us to ask is 
" " 

do natural phenomena or systems possess 1ntrinsicproperties independent of their 

observers. Or, more simply stated, do objective"systems --objects --exist? We 

assume here that they do and examine the consequences and possible tests of this 

assumption. We expect that the objects present in a given spatial region must de

tennine at least the probability for a given experimental result in that region. 

· We. also assume locality, i.e., that this probability docs not depend upon experi-

menter's decisions (generated at random by an independent process) which arc made 

totally outside of the backward light cone of our test object(s). Thus any corrcla-

tions between the results of two different spacelike separated experiments must be 

due to the associated separated objects being correlated. 

The above reasoning, contained in Ref. (1) leads us first to define an Q!2jJ~Cti:y_~_ 

Local Theory (OLT) as any theory for which the probability of a coincident response 

at the two space-like separated measurements in. Bohrn's Gedankenexperiment tan he 

written as 

(]) 

Sirnilarily for a response at, for example, detection 1 we have 

p1 (a) =fp1 (a,>.) p(>.) d>. (2) 

(See Ref. (1) for a discussion of notation) 
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It should be noted that we are lead to (1) from various alternative naive 

. . 2,3 d" th . mot1vat1ons . Hence, a 1rect test of ese formulae is of profound importance 

to the conceptual foundations of modem physics. 

In Ref. (1) it is then shown that these formulae directly imply the inequality 

-1 $.. p12 (a,b) -p12 (a,b'} + p12 (a' ,b) +: p12 (a' ,b') -p
1 

(a') -p2 (b) < 0. (3) 

This is the general experimental prediction made by OLT's. QuantLDnmechanics, 

starting from different asstmlptions, makes a prediction forsome realizations of 

this experiment which is at variance with (3). Thus experiments are needed to see 

which theory nature has chosen. So far, however, no direct experimental test of 

these predictions has been made. Such tests, although feasible, are in fact diffi-. 

cult. The reason is that in (3), singles count rates (p
1 

and p2) are compared with 

coincidence count rates (p12). In present experiments the former are typically 

three orders of magnitude (frequently much more) larger than the latter. 

None the less, two different classes of experiments have been performed. 

These, of course~ need auxiliary assumptions to be useful. As a result, their 

value depends upon how reasonable the asstmlptions are. The first class consists 

of allowing particles produced in correlated pairs, each to independently scatter 

(incoherently) into an array of associated detectors. Examples are the posi troniLUJl 

annihilation experiments and the proton- protonS-wave scattering experiments des

cribed at this conference. Unfortunately, a simple OLT counterexample (each parbclc 

having a predetermined scattering direct,ion) suffices to show that rather strong 

additional asstmlptions are heeded here. The primary difficulty with these experi

ments is the analyzers' inefficiency, and/or their attenuation. 

The second class of experiments inCludes those for which the correlated parti

cles arc coherently scattered into a few well-defined beams by state selectors, w:ith 

·the selection super-position parameters under the control of the experimenter. 
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Examples of such experiments are the cascade-optical-photon polarization - corre

lation experiments suggested by Ref. 4. OLT counterexamples for these experiments 
. . . . 1 .· 

·are also possible , but they are much more difficult to produce. Correspondingly, 

the required additional assumptions are considerably weaker and more reasonahle, 

and the experiments, more conclusive . This judgment is, of course, subjective, 
t f ., ' 

but it is reasonable. In these experiments, the primary difficulty is 'the Jow 

detector. efficiency and poor angular correlation of the source. 

· Natu!ally, one desires an experiment for which inequality (3)" is directly 

violated. Various conceivable methods for achieving this were_ suggested. For 

. example, two.,.step photodissociation of c12, followed by RF spin rotation; Stenl

Gerlach sta,te selectors, conversion of Cl to Cl by a surface reaction on a hot 

_Tungsten surface, and finally electron multiplier detectors comprise such a 

scheme. 

A final objection t6 existing experiments is that the separated parameter selec

tions are not made with space-like separation. A method for doing this jn the 

casca~e photon scheme is discussed-in these proceedings. 
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