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Abstract 
In this lab, we tested the Bell’s inequality using the CHSH method.  The experiment 

produced entangled photons from an Argon laser beam by passing light from Type I BBO 
crystals and detected using avalanche photodiodes.  We obtained S value to be 2.49.  

 
Background 
The phenomenon of entanglement is one of the principles’ of “Quantum Weirdness” – 
the weirdness comes from defying classical intuition. Entanglement allows that if 
particles interact with each other they must be treated as a single entity. Thus, if you have 
two entangled particles separated by a vast distance (i.e. Earth and the constellation Leo) 
if you take the measurement of one and determine some property (for example if it is 
polarized in a certain direction) you will immediately know the other particles property 
(its polarization).  
 
In order to validate this argument of entanglement John Steward Bell proposed a theory 
that a closed system must satisfy certain inequalities. But, when predicting using quantum 
mechanics in special cases, you can violate these inequalities.  
 
Procedure 
In order to test Bell’s inequalities there must be confirmed entangled states. In the 
laboratory, we created entangled photons through the use of spontaneous parametric 
down conversion (SPDC). This process involves nonlinear optics where a single high 
frequency photon is annihilated into two lower frequency photons. These photons are 
then incident upon a beta barium borate (BBO) crystal, which converts the photon into 
two photons of the same random polarization.  
 

 
Figure 1: A beam of photons incident upon BBO crystal. Here the crystal is oriented to create 

horizontally (H) and vertically (V) polarized photon cones.1  
 

We create these entangled photons using a 363.8 nm Argon-ion laser. The light then 
leaves the BBO crystal and is incident upon a birefringent quartz waveplate to ensure 
equal amounts of horizontally and vertically polarized photons. The main beam then hits 
beam stop and a pair of avalanche photodiodes (APDs) are equally positioned on either 



side of the beam to capture the pairs of photons after they go through a 10 nm band-pass 
filter. Two rotatable polarizers are placed in front of the APDs. The APDs are also 
connected to coincident counters to track the number of occasions when photons hit the 
detector.  
 
Bell’s inequality only holds for given two state systems. So, to determine if we have 
broken it we use the CHSH inequality. This method only requires the measurements of 
the coincidence counts for 16 polarizer angles/settings. These are chosen to ensure the 
maximum deviation of the quantum prediction from he classical. The measurements will 
be taken at specific angles of the angles of the polarizers. From this point forward the 
polarizers will be called A and B and their angles α and β. 
 
For a given pair of the angles  and  and the orthogonal state and we define E: 

 

 

Then, we define S: 
 

 
 

We are trying to get S >2 to violate Bell’s inequality to ensure the system can not be 
explained by a classical model. For the values in Figure 2 below, the expected value of 
S = .  
 

α β 
-45 -22.5 
0 22.5 
45 67.5 
90 112.5 

Figure 2: The angles used to violate Bell’s inequality using CHSH method.  
 
The experiment comes in two parts. First, to track the coincidence count rate as a 
function of relative polarize angle after rotating the polarizer through a full circle – 
expecting a cosine-squared dependence. Second, use the 16 angle settings to make a 
series of measurement specified by the CHSH method to construct Bell’s inequality. The 
set-up is shown below.  
 



 
Figure 3: The set-up for the experiment2 

 
Results 
Figure 4 below shows the coincidence count rate as polarizer B was rotated as polarizer 
A at 0 degrees and then rotating polarizer A while setting polarizer B 90 degrees. The 
visibilities of the curves were 0.8724 and 0.8965, respectively.  
 
Figure 5 shows the coincidence values at the CHSH angles and gives a value of S = 2.49.  
 
Discussion 
 
The value of S we calculated does not match up with the predicted quantum mechanical 
value. But, our value of S is over 2, which means we did actually violate Bell’s 
inequality. So we did not prove the prediction of quantum mechanics, but we did create 
the situation of entangled photons by violating Bell’s inequality with a value of S greater 
than 2. The photons must be considered a single system and cannot be described as 
mutually exclusive based on the results of our experiment.  
 



 
Figure 4:  dependence of correlation count for Ar-ion laser 

 
Polarizer A Polarizer B Coincidence 

-45 -22.5 50.34764 
-45 22.5 9.676072 
-45 67.5 2.963137 
-45 112.5 37.62669 

0 -22.5 49.86479 
0 22.5 72.11209 
0 67.5 35.42186 
0 112.5 4.852548 

45 -22.5 8.985476 
45 22.5 83.96961 
45 67.5 98.91764 
45 112.5 16.74637 
90 -22.5 12.89974 
90 22.5 24.2095 
90 67.5 62.49728 
90 112.5 42.54911 

Figure 5: Coincidence data used to calculate the CHSH inequality 
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