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1. Create two cones of perpendicularly polarized photons by 
sending a laser through a pair of BBO crystals.

2. Set polarizers to angles specified in Table 1
3. Record count A, count B, and three values of the coincidence 

count from LabVIEW window.
4. Calculate value for S.
5. Repeat procedure with arbitrarily chosen angles
6. Recalculate the value for S.

Quantum entanglement occurs when two particles have a 
quantum state that cannot be factored into single-particle states.

Measuring the state of one entangled particle gives reliable 
information about the state of the other particle, no matter the 
distance between the two particles.

Bell’s Inequality is a mathematical expression that describes 
classical correlations. When the inequality is violated, 
entanglement is verified. 

In this lab, we use a BBO crystal, which splits the incoming 
beam into two perpendicularly polarized rays. Polarizers will allow 
only photons of a specific polarization to pass, and those that 
arrive are counted. When the two polarizers record the same 
information at the same time, we record a coincidence count.
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In this equation, a and b are the angles used for the 
measurement, as determined in Fig. 4. The function E is defined 
below. N is the coincidence count at the given angles a and b.
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During spontaneous parametric down conversion, a photon 
beam splits into pairs of photons, called “signal” and “idler” 
photons. The total energy and momentum of the two down 
converted photons must equal the energy and momentum of the 
original photon. The photons exit the crystal with a wavelength 
double the pump wavelength. This is summarized in Fig. 1.
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We violated Bell’s Inequality for very specific polarizer 
angles, by obtaining S > 2, indicating that quantum 
entanglement occurred. When we adjusted the polarizers 
to arbitrary angles, we obtained  S < 2, meaning we did 
not, with these angles, violate Bell’s Inequality. 
We see that evidence for quantum entanglement only 
occurs at very specific angles.

One possible application of quantum entanglement 
includes quantum computing. Quantum computing is able 
to drastically increase the rate at which calculations can 
be made by doing multiple calculations at once. Such a 
system may allow us to computationally test previously 
impossible problems, such as calculating digits of pi or 
discovering new prime numbers. 

Fig 3: Left image shows polarizers A and B, including the dials 
used to adjust the angle. Right image shows the setup of the laser 
(on the top right), mirrors, and BBO crystals.

Fig 2: Setup of the experiment.
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Polarizer A:
1 2 = 29.1cos: .9722 + 2.53 + 1.13														>:/@ =  0.60
Polarizer B: 
1 2 = 52.1cos: 1.002 + .658 + 1.83 >:/@ = 1.26

Fig 5: Coincidence count recorded at each detector with respect to 
the angle of the polarizer in front of it. Results of Cos2(2) curves of 
best fit are also indicated. The angles tested to violate Bell’s 
Inequality were based on half the extrema and intersection points of 
these curves. Any other angles will most likely obey the inequalities.
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We calculated a value of S of 2.42 by polarizing the 
photons to the specific angle values determined by the 
cos2 graphs in Fig. 5. This value is greater than 2, 
indicating that we successfully violated Bell’s 
Inequalities. This is evidence for the presence of 
polarization-entangled photons.

When we calculated the value of S using arbitrary 
angle values, we obtained an S value of 1.39. Since this 
is less than 2, Bell’s inequality was not violated.

We conclude that quantum entanglement did occur, 
but only when the light was polarized at particular 
angles.

In this experiment, we used a violation of Bell’s Inequality to 
demonstrate that we created polarization-entangled photons.
We obtained the entangled photons through the use of BBO 
crystals, through which the photons underwent a process called 
spontaneous parametric down-conversion. 

By sending a laser through a pair of type 1 BBO crystals, two 
cones of perpendicularly polarized photons are created. The 
photons are then detected at two locations, and the number 
that arrive are recorded in two groups. Coincidence count is 
when the two detectors record the same information at the 
same time, and is evidence for entangled particles. and 
singles count is when the two detectors do not record the 
same information. 

Fig 1: When photons exhibit downconversion, they refract into 
cones of photons with double the wavelength, ensured by the 
conservation of energy. The photons must refract at the same 
angle because of the conservation of linear momentum.

Table 1: Data of 16 measurements using angles determined from 
cos2 curves in Fig 4. The value of S from these data was 2.42. 
Because this value is greater than 2, entanglement is confirmed

S Value

Fig 4: Entire setup used in this experiment.

Table 2: Data of 16 measurements using arbitrarily determined 
angle values. The value of S from these data was 1.39. Because 
this value is less than 2, entanglement is not confirmed.

S Value
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