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Abstract
The aim of this experiment is to test violation of Bell's inequalities by uwsing polarization-

entangled photons produced by spontaneous parametric-down conversion in a pair of Type-1 BBO

crystals.
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1. Introduction

In 1935, Einstein, Podolsky and Rosen published a classie paper entlitled “Can Quanlum-
Mechanical Description of Physical Reality Be Considered Complete?”[1]. In thal paper
Lhey illustrated by an example, a contradiclion among the principle ol localily and the
principles of the quantum mechanics. This example is now oflen relerred as EPR paradox.
However their analysis was in a qualitative level. In 1965, Bell came oul wilth a malthematical
representation of EPR paradox (see, [or example, [2]). He proposed a class ol inequalities
which are salislied il the behavior of a system is governed by Lhe principles ol localily and
are violated il il is governed by Lthe principles of gquantum mechanics. In this experiment we
Lest violation of Bell's inequalities by using polarization-entangled photons. We [ollow more

or less the technique shown by Kwial el. al. [3] (see also, [4, 5]).

2. Theory and Experimental set-up

According Lo the usual inlerprelation of the quantium mechanics, there exists certain
Lwo parlicle states with the properly thal measurement ol a chosen variable ol one particle
completely determines the outcome of the measurement ol the corresponding variable of the
second particle. Such a situation may arise when bolh particles are emitted [rom a common
source in some enlangled (non-lfactorized) quantum state, for example,
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As Einstein, Podolsky and Rosen (EPR) pointed oul that, at the time of measurement, the
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particles may be so [ar aparl thal no influence resulling [rom one measurement can possibly
propagale Lo the olther parlicle in available time [1]. Since the measurement of a variable
of one parlicle has already determined the outcome ol measurement ol the corresponding
variable of the second withoul any uncertainty, il contradicts the idea of quantum mechanics.
At the end of Rel. [1], Einstein, Podolsky and Rosen concluded that the gquantum theory is
incomplete. Their conclusion was based on Ltheir [irm beliel on the principle of locality. This
paradox posed by Einstein, Podolsky and Rosen can be seen as conllict among the principle of
localily and the principles of quantum mechanics. To make exclusive conclusion one requires

Lo perlorm an experiment Lo verily which ol the principle is valid. Bell’s inequalilies play a
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FI(i. 1: Production of down-converted pholon pairs by a Lype T BBO erystal. Here the sullices s and i stand Tor sipnal and

icller respeclively.

key role in verilying experimentally whether a system is governed by Lthe principle ol loeality
or by the laws ol quantum mechanics.

In this experiment we show violation ol Bell's inequalities by using polarization-entangled
photons which are produced in two Lype-I Bela Barium Borate (BBOY) erystals through the

process ol spontaneous parametric down conversion (see, lor example, Rel. [6]).
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FI(i. 2! Production of polarisation-enbangbs] photoms by lwo ype-T BBO crystals.

Il a horizontally (vertically) polarized photon of wavelength X is incident on a type-I
cut BBO erystal, then two pholons of vertical (horizontal) polarization of wavelength 2
emerges [rom the crystal in a cone as shown in Figs. 1. Now il iwo type-1 BBO) erysials

are are placed back (o back and an incident beam, polarized al an angle 45° is used, then



