Lawrence Berkeley National Laboratory
Recent Work

Title
PHILOSOPHICAL MOTIVATIONS OF BELL'S THEOREM AND THE EXPERIMENTER'S PROBLEM

Permalink
https://escholarship.org/uc/item/5mc0f4q8

Author
Clauser, John F.

Publication Date
1976-04-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5mc0f4q8
https://escholarship.org
http://www.cdlib.org/

[

LY

Presented at the Thinkshops on
Physics-Experimental Quantum
Mechanics '"Ettore Majorana' Center
for Scientific Culture, Erice,

Sicily, Italy, April 18 - 23, 1976

PHILOSOPHICAL MOTIVATIONS OF BELL'S

LBL-5418

THEOREM AND THE EXPERIMENTER'S PROBLEM

John F. Clauser

April 1976

Prepared for the U. S. Energy Research and

DCCGURER T

>
-
Yo

Devélop’ment Administration under Contract W-7405-ENG -48

~
For Reference

3

Not to be takén from this room

AN

_/

< |

81¥S-T1dT

2

\.



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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PHILOSOPHICAL MOTIVATIONS OF BELL'S THEOREM
| g :
THE 'EXPERIMENTER"S PROBLEMJF
John F. Clauser*

. Dept of Physics and Lawrence Berkeley Laboratory
;Unlver51ty of Ca11fornla, Berkeley, Ca11forn1a 94720

For a phy51c1st an 1mportant questlon that Bell's theorem leads us to ask ]S ==

ht do- natural phenomena or systems possess 1ntr1n51c prOpert1es 1ndependent of thClT

observers Or more 51mp1y stated do obJectlve systems - ohJects ——~ox1st? Wc

v assume here ‘that they do and examlne the consequences and p0551b]e tests of thls

_hassumptlon We expect that the obJects present 1n a glven spatial regton must dc—

termlne at 1east the probab111ty for a glven exper1menta1 result in that realon

: We also assume loca11ty, re., that th1s probablllty docs not depend upon exper|~

menter svdec151ons_(generated at ‘random by an 1ndependent process) which are made

ftotally oUtsidevof the backward light cone of our test Object(s). Thus any'correla—
'h tions between the results of two dlfferent spacellke separated experiments must be

~ due to the assoc1ated separated obJects be1ng correlated

Local Theory (OLT) as any theory for wh1ch the probablllty of a c01nc1dent response

~at the two-space-llke separated measurements 1n.Bohm's-Gedankenexporrment can be

written as.

. plz(a b) fpl(a,)\) P, (_l._),)\)_‘p ()‘) 'd}\?, _' _‘ . ._ '_(],)_

'Slmllar11y for a response at, for example detectlon 1 we have

pl.'(a) =fp1 (a, A) p(>\) a R '_ @

- (See Ref. (1) for a discusSion.of notation) .
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LIt shouldhbe nOted that we are lead to (1i from VeriOusfalternative naive'
_ motivatiOnssz. Hence a direct-test of these formulae:is-of'profound importance
to the conceptual foundatlons of modern physics. | | |

In Ref. (1) it is then shown that these formulae dlreLtly 1mp1y the 1ncqua]1ty
1 <pyp (a,b) ~pyy (a,b") + plz'(a* ;b) + p12 (a",b") -py (a") .-pz' ®) < 0. (3)

ThlS is the general experlmental predlctlon made by OLT' Quantum'mechanioe,
‘startlng from different. assumptlons makes a prediction for _some reallzdtlons of d.
‘thls.expertment whlchvts at variance with (3). Thus experlmente are needed to see
whieh theory:nature has chosen. So far, howeuer no direct experimentalvtest of
' these‘predictions has been'made 'Such tests, although fea51b1e are in det diffi-
tult. The Teason is that in (3), s1ng1es count rates (p1 and pz) are compdred with
' coinc1dence count rates (plz). ‘In present experlments the former are typically
'~ three orders of magnltude (frequently much more) 1arger than the 1dtter

‘None the 1ess two different classes of experiments have been performed. .
These, of couree;hneed,aux1llary assumptions to be-useful. As a result, thelr‘-
Value depends.upon'howxreasonable the.assumptione are; The first class consists*
of'allowing particles produced in'eotrelatedvpairs,-each_to independently'ecatter
(incoherentlyj into an artaY~of associated deteotors. Examples are the pOSitronium

annihilation'expeiiments and the proton - proton S-wave scattering;experiments'dds—

- cribed at this conference. Unfortumetely; a simple OLT:counterexamplo (each partic]e

Avhavingha»predetermined;sCattering-direction) suffices to show that rather strong
“additional assumptions are needed here. The primary difficulty with’these expcri—
ments is the_anelyzers' inefficiency,_and/or theif attenuation. | |

The Second.class°of expefimente inoludes.thoeé'for whieh the‘corre]ated parti4
cles arc Loherently ecattered 1nto a few wel] deflned beamb by state selectors with

" the selectlon super p051t10n parameters under the control of the experlmenter

‘J.\ ~ L e d
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”_Examples of such experlments are the cascade- opt1cal photon polarlzat1on - corre-

';;.]atlon exper1ments suggested by Ref 4. OLT counterexamplcs for thcse experlments

,viare also poss1b1e1, but they are much more - d1ff1cu1t to produce Lorrespond1ng]y,
{the requ1red add1t1onal assumpt1ons are con51derably weaker and more reasonahlc

and the experlments more . conclus1ve Th1s Judgment 1s,-of-course, subJect1ve,_

but 1t is reasonable. In these exper1ments the primary'difficultyhis the low

i detector eff1c1ency and poor angular correlatlon of the source.

Naturally, one de51res an experlment for wh1ch 1nequa11ty (3) 1s dlroctly

: v1olated Var1ous concelvable methods for ach1ev1ng this were suggested -For
',example two stcp photod1ssoc1at10n of Clz, followed by RF spin rotatlon, Stern—
_Gerlach state selectors convers1on of C1 to Cl by a surface reaction on a hot

’;Tungsten surface,'and‘flnally electron multlpller detectors comprlsessuch a

v scheme

A flnal obJect1on to ex1st1ng experlments 1s that the separated parameter selec—A_

dtionS'are not made w1th space-llke separat1on;_ A method for doing th1s in thc

cascade photon scheme is discussed-in these proceedlngs.
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