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Introduction

Experimental Overview

 

Additional Information

 We have constructed an apparatus that allows stu-
dents to quantitatively and experimentally verify the 
violation of Bell’s inequality thereby excluding local 
hidden variable theories (HVT) as possible explana-
tions for observed quantum phenomena. Our experi-
ment is based on the design of Dehlinger and 
Mitchell[1], but has been modified to improve repro-
ducibility and quantitative analysis.

 A test of Bell’s inequality requires the experimenter 
to generate a pair of photons with an entangled polari-
zation. These photons must then be detected at sepa-
rate locations and their polarizations measured with re-
spect to a set of variable angles.
Experimental challenges that must be addressed are:

• Control of phase and polarization of pump photons
• Downconversion of pump photon
• Creation of entangled state 
• Detection of single photons
• Coincidence counting of detected photons
• Light exclusion and background
• Optical alignment
• Analysis and uncertainties

BBO Crystal and SBC

Schematic of experiment (Not to Scale)

 The pump photons are provided by a 405nm
InGaN Nichia Diode laser* oriented with a polarization 
perpendicular to the floor This removes the need for a 
polarizer.
 After reflecting off a mirror A Soleil-Babinet com-
pensator (SBC) in-
troduces a adjustable 
phase shift along one 
axis of polarization. 
This control allows 
creation of a pure 
singlet state since the 
BBO crystal intro-
duces a fixed, but ar-

IR polarizers & SPCMs

bitrary phase shift 
that must be can-
celed out to create 
the pure singlet 
state.
 Two BBO nonlin-
ear optical crystals, 
one with its fast axis 
rotated by 90 de-
grees relative to the 

other creates the en-
tangled photon state. 
The photon pair 
emerges in a cone 
wrt beam axis. Each 
photon passes 
through an adjust-
able polarizer, aper-
ture, focusing lens 
and a red filter be-
fore being detected 

Soleil-Babinet Compensator

by the Single Photon Counter 
Module (SPCM).
 The SPCM outputs are di-
rected into a home built coin-
cidence counter that outputs a 
pulse when two photons are 
detected simultaneously.
 This pulse can be integrated 
by a computer or more simply 
read out by a digital counter 
that can be adjusted to inte-
grate for different time periods. 

Coincidence circuit

 Data are collected 
manually and students 
analyze it on a com-
puter. A fit is per-
formed to a theoretical 
equation and a nu-
merical quantity with 
detailed uncertainty is 
calculated to evaluate 
the confidence level of 
the result.
 Students typically obtain violation of the inequal-
ity by greater than 5 standard deviations. Results are 
submitted a written report in pseudo-journal format 
and via a short oral presentation.

Student data sample

 *This wavelength laser can now 
be purchased very cheaply due to 
ubiquity of blu-ray technology.
 [1] Background documentation, 
references, handouts and a student 
lab report can be found at:


