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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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EXPERIMENTS PERFORMED AT THE LAWRENCE BERKELEY
_ LABORATORY BEARING RELATION TO BELL'S INEQUALITY -
JOHN F. CLAUSER
Dept of Physics and Lawrence Berkeley Laboratory
Unlver51ty of Callfornla Berkeley, Callfornla 94720
~This " paper: descrlbed a Serles of experlments performed at the derentt Berkelcy :

'Laboratory. Kocher .and Conmins, here per(ormed the first po]ar1zxtlon correlatlon

' measurement'using-opticai photons L In it they measured the polarization Correlution_

w1th relative polarlzer orientations at 0 and 90 , and used inefficient. nolarizors
As a result, thlS experlment gave no ev1dence concerning the predictions madc by

Bell's Theorem.2 However, the experlment was ‘useful in two respects. (l)

'deyeloped_teehnology for subsequent experiments, and (2) its results refuted Furry's

' hypothesis 3 S R o o |

4 ) o
" The second experlment described was that of Freedman and Clauser. It measured

the polarlzatlon correlatlon in the same J=0- 1 0 cascade of. Ld]LLUm as that of Kothex'

and Commins, but used efficient pile-of-plates polarlzers'W1th relat1ve’orlentat10ns |

‘other than 0° and 909; Indeed, the experiment was specifically performed to test the

predictions made by Bell's'Theorem.2 To a high degreevof statistical accuracy it

,refuted'these,s while‘simultaneOUSly confirming the quantum-mechanical predictions

for this two;photon_system‘
~ The next experiment described was one performed by Cla_user.6 ;ItiUSed.the Hg

cascade of Holt and Pipkin 7 and attempted tO-observe the anomalous results observed'

'by them. Contrary to thelr flndlngs however, good agreement with quantum mechan;cs

and a strong v1olat10n of the Bell's Theorem predlctlon was observed

In-n further experlment the same npparatus was’ used t0'measure the simul taneous .

L1rcu1ar poldrlzatlon correlation of these photons.: To do thi%, quarter-wave plnteq

were. 1nsta11ed (with axes perpendicular to thc exertlng eleetron hedm) dhCld of the
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polarizers. Reasonable agreement with the quantum mechanical predictions was ob-

tained. Unfortunately, the marginal quality of these quarter-wave plates prevented

Athe results from Violating Bell's inequality. ‘None the less, the results did violate

a' new 1nequa11ty by Garucc1o and Seller1 which helds'for Syetems described_hy
.'"state vectors of the flrst kind" (and/or Furry s hypoth651s)

‘The 1ast experlment.descrlbed was one which was performed as an.indireét test
of whether ervnot.photons‘act_in.a manner consistent with the netionAthat they
propagate as localiied ebjects.10 The results give further credibility to the mild
assumptions needed-for the cascade—opficél-photon experiments ~Surprieingiy, thie
was the flrst experlment capable of telling whether or not a 51ng1e photon is split

at a beam splltter That is, can it produce only one photoxonlzatlon on onc side

or the other of the splitter, but never on both sides at once? To implement.this,

the Cauchy-Schwarz inequality was used to constrain coincidence rates between four

phqtomultiplier tubes. These viewed ‘an atomic cascade throﬁgh two beam"splitters;'

The results 1nd1cate that the notion of localized "partlclc like" photons
is con51stent w1th experlment and- that such ent1t1es ev1dent1y do not spllt -at

least w1th regard to their detectablllty.
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