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Abstract: We perform the experiment of Dehlinger’s et a. Methods for producing entangled 

photon pairs with a simple experimental setup. By measuring the dependence of the coincidence 

count on the orientation of a quartz plate, used for compensating the phase-shift between signal 

and idler beams, we can verify that the entanglement of the photon pair is in agreement with the 

result of quantum mechanics. 

 

1. Introduction 

If two particles A and B are entangled, their wave functions cannot be separated. The particles 

cannot be represented or talked about individually. Any measurement performed on A would 

change the state of B (and vice-versa), no matter how far apart A and B may be. There is no 

classical explanation to this phenomenon.  

Entanglement between particles is always through some physical property. For example, the 

quantum mechanical state describing particles’ momentum, spin or polarization may be entangled. 

In this Dehlinger’s experiment, we use the polarization of photon as the basic property. 

The experiment makes use of BBO (Beta Barium Borate) crystal, which has interesting and useful 

properties.  

 

Figure.1. The down-conversion in BBO crystal 

 

As shown in figure 1, when a vertically polarized photon of wavelength λ  is incident on the 

crystal, two photons of wavelength 2λ  emerge from the crystal with horizontal polarizations. 

This process is called spontaneous parametric down-conversion and is a standard method used to 

produce polarization-entangled photons. The down-converted photons are emitted in a cone from 

the crystal with an efficiency about 
1010−

. To write this process mathematically: 

s iV H H→  

Here V and H represent a horizontally- or a vertically polarized photon. “s” and “i” stands for 

signal and idler, respectively. Similarly, a horizontally polarized photon going through the BBO 



crystal will be down-converted into two vertically polarized photons with half the frequency: 

s iH V V→  

It’s easy to imagine that if photons with / 4π  polarization incident on pair of BBO crystals, half 

of them would get down-converted in the first crystal, producing pairs of photons with horizontal 

polarization, and half of them would pass through the first crystal and would get down-converted 

in the second crystal, producing pairs of photons with vertical polarization. Hence, for an incident 

beam of / 4π  polarized photons, the same number of photon pairs having vertical and 

horizontal polarizations will be emitted. We can write: 

2 2

s i s i

ent

H V V V H H+ +
→ = Ψ  

Here we get an polarization entangled state 
ent

Ψ . 

 

If we measure the polarizations of signal and idler photons in the H, V basis, there are two 

possible outcomes: both vertical and both horizontal. Each occurs half of the time. We could 

instead measure the polarizations with polarizations with polarizers rotated by angle α . We have: 

 

cos sinaV V Hα α= −  

 

sin cosaH V Hα α= +  

 

Here aV  denotes the state with polarization rotated by α from the vertical, while aH  

denotes the state with polarization rotated byα from the horizontal. The entangled state should be: 

1
( )

2
ent a a a as i s i

V V H HΨ = +  

Therefore if we measure in this rotated basis, we obtain the same results: half of the time both are 

aV  and half time both are aH . Thus we can measure only the signal polarization and tell the 

idler polarization with 100% certainty. 

Since the horizontal polarized light travels a larger distance inside the BBO crystal than a vertical 

photon before getting down-converted, we would expect a phase shift: 

i

ent a a a as i s i
V V e H H

φΨ = +  

Generally, if the incident laser beam has a polarization angle θ  from the vertical, the 

down-converted photons emerge in the state: 

cos sini

DC s i s i
H H e V V

φθ θΨ = +  

By placing the polarizers rotated to anglesα and β in the signal and idler paths, respectively, we 

can measure the polarization of the down-converted photons. For a pair produced in the 



down-converted state DCΨ , the probability of coincidence detection is: 

2

2 2 2 2 2 2

( , ) | |

1
(sin sin cos cos cos sin sin 2 sin 2 sin 2 cos )
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VV DCs i
P V Vα βα β

α β θ α β θ α β θ φ

= Ψ

= + +
 

“VV” indicates the measurement outcome V Vα β , both photons are vertical in the basis of their 

respective polarizers. A special case occurs when DC entΨ = Ψ , that is, when / 4θ π= and 

0φ = . In this case,  

21
( , ) cos ( )

2
VVP α β β α= −  

 

 

2. Experimental Setup 

 As shown in the schematic diagram in Figure 2, light from a ~100 mW pump argon io laser 

with a wavelength 363.8nmλ =  and a vertical polarization passes through a blue filter and then 

a quartz plate. The blue filter removes parasite fluorescence from an argon plasma tube that may 

be present in the laser beam. Quartz is a birefringent material. When light passes through the 

quartz plate, a phase difference is introduced between two polarization components. This phase 

difference can be adjusted by rotating the quartz plate.  

 

Figure.2. The schematic setup of the experiment 

 

A mirror re-directs the beam through a pair of BBO crystals that are mounted back-to-back, at 

/ 2π  with respect to each other. The majority of the laser light passes through the BBO crystals 

and is collected at the beam stop or rejected by the interference filters. The down-converted 

photons from the BBO crystals are emitted in cones. Down-converted photons from the BBO 



crystals with wavelength 727.6nm are detected by a pair of single-photon counting avalanche 

photodiodes (APDs) modules. The x-y position of the APDs can be adjusted using the x-y 

translator. APDs are single photon detectors that give rise to an electronic signal TTL pulse whene 

a photon is incident on them. 

The APDs are kept at the same height as that of the BBO crystals. The APDs’ positions are 

equidistant from the center of the crystal. This enables these two APDs to be on two diametrically 

opposite points of the down-converted cone. Data from the APDs are collected using a Lab View 

interface on a computer with a counter-timer board inside. 

 

The interference filters with 10 nm bandwidth should be placed in front of each APD, so that only 

light near 730 nm will reach the detectors. Additionally, polarizers are located in front of each 

APD, so that the polarization state of photons reaching the detectors can be selected. 

In the experiment we measure a coincidence count rate ( , )N α β  choosing a fixed interval of 

data acquisition. Assuming a constant flux of photon pairs, we have: 

2 2 2 2 2 2 1
( , ) (sin sin cos cos cos sin sin 2 sin 2 sin 2 cos )

4
N A Cα β α β θ α β θ α β θ φ= + + +

where A is the total number of entangled pairs produced, C is an offset to account for 

imperfections in the polarizers and alignment of the crystals. This offset is necessary to account 

for the fact that some coincidences are observed even when the polarizers are set to  

0, / 2α β π= =  

In an ideal case, if θ  is fixed at / 4π , φ  is determined to be minimized by rotating the quartz 

plate, we have: 

2( , ) cos ( )
2

A
N α β α β= −  

 

3. Experimental Result and Discussion 

The coincidence count between the two detectors with one polarizer fixed and other polarizer 

changes are measured. The measurement is carried out two times, with the fixed polarizer rotated 

at 45°  and 135° , the other polarizer is rotated from 0 to 360° . The result is shown in the 

figure below. 
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       Figure.3. The results of the coincidence measurement for 45°  and 135°  

 

Here the blue curve indicates the 45°  result, the red curve indicates the 135° result.  

We can easily see that the result is in agreement with the relation 

2( , ) cos ( )
2

A
N α β α β= −  

which predicts that when mα β π= + , the coincidence yields a maximum, when 

( 1/ 2)mα β π= + + , the coincidence yields a zero point. This observed property tells us that the 

photons emitted are indeed entangled. Notice that we cannot get absolute zero under such 

conditions because of the offset. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Experiment Data: 
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