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ABSTRACT 
 

This paper presents an overview of both single and entangled photon sources. It provides a               
fundamental understanding of the history, theory, experimental observation, and applications of           
these subjects. The first section of this paper is dedicated to single photon sources. In this                
section, a comparison of different light source photon bunching is provided through the analysis              
of corresponding photon statistics. The antibunched nature of single photon sources will be             
discussed at length-- both theoretically and experimentally. An ideal single photon source will be              
described, along with examples of actual single photon emitters. Experimental setup and devices             
used for single photon counting will be detailed. The second section of this paper is dedicated to                 
entangled photon sources. In this section, the evolution of quantum entanglement and Bell’s             
inequalities is discussed. A method to create entangled photons using spontaneous parametric            
down conversion is detailed extensively. In addition, an experimental technique to prove the             
violation of CHSH form of Bell’s inequalities is provided along with representative results.             
Finally, the practical application of both single and entangled photon sources is highlighted via              
an in-depth look at quantum key distribution. 
 
Keywords: Single photon sources, antibunching, photon statistics, photon counters, spontaneous          
parametric down conversion, quantum key distribution. 
 
 

1. SINGLE PHOTON SOURCES 
 
1.1 Introduction 
 
When discussing single photon sources, it becomes clear that not all light is created equally.               
Light sources can be broken down into distinct categories based on the spatial resolution of               
successive photons over time. In general terms, single photon sources are light sources that emit               
single photons distinctly spaced over time. These single photon emitters contrast with other light              
sources, which emit photons that are not distinctly spaced over time. 
 
The first research investigating the spacing of successive photons over time was conducted by              
Hanbury Brown and Twiss in 1956 [11]. For this experiment, the scientists passed a thermal               
light source through a division of amplitude interfometer. The phase delay of each arm was               
varied and output intensity of each arm was observed via two photoelectric detectors. It was               
determined that photons from a thermal source are often emitted with no distinct spacing              
between successive photons over time-- these photons are “bunched.”  



 
 

 
In 1977, University of Rochester scientists Kimble, Dagenais, and Mandel further expanded the             
understanding of photon bunching [14]. A resonance fluorescence experiment was conducted,           
utilizing a dye-laser to continuously excite sodium atoms. It was determined that the photons              
produced were emitted with distinct spacing between successive photons over time-- these            
photons are “antibunched.”  
 
This 1977 experiment was the first analysis of a single photon source. Unlike bunched photons,               
which can be described with a semiclassical interpretation, antibunched photons can only only be              
described via quantum theory [14]. Photon bunching characteristics of a source are the key              
determinate in describing an emitter as a single photon source or not.  
 
1.2 Classification of Light Sources: Photon Statistics 
 
The spatial distribution of photons over time from an emitter is dependent on the source type.                
Single photon sources will have antibunched photons and thermal sources will have bunched             
photons. It is possible to attenuate coherent light sources (lasers) to an approximately “single              
photon” level, displaying a photon distribution that is almost antibunched. Despite being a             
relatively close approximation, the attenuated coherent source will still produce some bunched            
photons. Antibunched, bunched, and approximately antibunched photons can each be described           
by the following figure: 
 

 
Figure 1: Spatial distribution of photons over time. 𝛕c represents coherence time. Top:             
antibunched photons (single photon source); middle: approximately antibunched photons         
(coherent source); bottom: bunched photons (thermal source) [18]. 
 
Single, coherent, and thermal sources each have distinct probability distributions that can be             
described via statistics. In particular, these distributions can be analyzed by forms of Poissonian              
photon statistics [17]. The probability of finding the value n for a Poissonian distribution can be                
described by the following equation: 
 

          (1) 
 
Where nbar is the average value for the distribution. The variance of the distribution can be                
described by the following: 



 
 

 

        (2) 
 
The standard deviation is simply the square root of the average value: 
 

              (3) 
 
This classical Poissonian distribution accurately describes the photon statistics of a coherent light             
source (laser). For a simple photon counting experiment with a coherent source, an example              
probability distribution is displayed: 
 

 
Figure 2: Example Poissonian probability distribution describing a coherent source. Here           
nbar=10 [17]. 
 
However, traditional thermal (bunched) sources do not follow a classical Poissonian distribution.            
Instead, they exhibit super-Poissonian statistics. For thermal sources, super-Poissonian         
distributions are also known as Bose - Einstein distributions. The probability of finding the value               
n for a super-Poissonian distribution can be described by the following equation: 
 

              (4) 
 
Where nbar is the average value for the distribution. The variance of the super-Poissonian              
distribution Follows the same form as that of the regular Poissonian distribution detailed in              
Equation 2. However, the standard deviation is changed and can be extrapolated from the              
equations below: 
 



 
 

           (5a, 5b) 
 

Thus, for the super-Poissonian distribution, the standard deviation is always greater than the             
standard deviation of the standard Poissonian distribution. The distinction between the two            
distributions can be seen in the figure below: 

 
Figure 3: Example probability distributions for Poissonian and super-Poissonian for nbar = 10.             
The poissonian distribution describes coherent light sources; the super-Poissonian distribution          
describes thermal light sources [17]. 
 
However, single photon emitters follow neither Poissonian nor super-Poissonian distributions.          
Rather, single photon sources follow a sub-Poissonian distribution, which cannot be explained            
by non-quantum based theory. Sub-Poissonian light is simply described by the following            
equation for standard deviation: 
 

            (6) 
 
For ideal single photon emitters, the mean number of photons is equal to one, the standard                
deviation is zero, and the probability is 100%. This condition is referred to as the Fock state. The                  
sub-Poissonian Fock state is shown in the figure below:  
 

 
Figure 4: Fock state sub-Poissonian probability distribution describing single photon sources           
[19]. 



 
 

 
With the understanding that antibunched, bunched, and coherent photon sources follow distinct            
probability distributions, it is possible to experimentally observe and verify a source’s photon             
bunching characteristics. 
 
1.3 Classification of Light Source Photon Bunching: Second-order Correlation Function 
 
In addition to probability distributions, the bunching characteristics of light sources can be             
observed using a second order correlation function g(2) as a function of interphoton times (t ):  
 

       (7) 
 

where I(𝛕 ) is the intensity of light, 𝛕 and t are time intervals, and < > brackets are time averaging.                    
For coherent light sources g (2) (t) = 1 over all interphoton times. For thermal light sources               
(bunched), g (2) (0) > 1 and g (2) (0) > g (2) (t). For ideal single photon sources (antibunched), g (2) (0) <                
1, g (2) (0)=0, and g (2)

max (t) = 1. The second order correlation function is plotted for all ideal source                 
types below [18][19]: 
 

 
 
Figure 5: Second order correlation function (g (2) (t) ) for all ideal sources. Green: bunched photon              
source (thermal); orange: coherent photon source (laser); red: antibunched photon source (single            
photon source) [15]. 
 
1.4 Experimental Validation of Antibunched Single Photon Sources 
 
The second order correlation function can be utilized with quantitative experimental results and             
takes the the more specific form: 
 

g(2) = c(t)
I I ΔtT1 2

(8) 

 



 
 

Following the basic setup of the 1956 Hanbury Brown and Twiss experiment: I1 and I2 are                
intensities in corresponding interferometer arms, c(t) is coincidence counts, Δt is the time             
resolution, and T  is the total acquisition time [18][19][11]. 
 
To verify the antibunching characteristics of a single photon emitter using equation 8, an              
experiment can constructed similar to that of Hanbury Brown and Twiss. A single photon source               
can be constructed by utilizing the principle of fluorescence. A laser is tightly focused onto a                
small amount of fluorescent emitters. The concentration of these emitters is low enough such              
that only a single emitter is excited, producing exactly one photon over a period of time limited                 
by the fluorescence lifetime. By matching this single photon source with the Hanbury Brown and               
Twiss setup, a g (2) (t)  value can be calculated over all interphoton times [19]: 
 

 
Figure 6: Example of an experimentally determined second order correlation function (g (2) (t) ) for             
a single photon source [15]. 
 
1.5 Single Photon Counting 
 
The accurate counting of single photons is essential to several applications within quantum             
optics. Single photon counting is dependent on technology known as photon counters. Photon             
counters consist of three basic components: sensitive optical detectors, electronics capable of            
producing pulses interpretable by a computer, and an electronic counter. 
 
The optical detectors utilized in single photon counting need to be exceptionally sensitive to              
input signal (single photons) and relatively insensitive to noise limitations. Avalanche           
photodiodes are an example of a photodetector capable of sensing single photons. In general,              
avalanche photodiodes operate at extremely high reverse voltage. Due to this high reverse             
voltage, a large internal electric field is created. When incident photons excite electrons, the              
electric field rapidly accelerates the electrons such that the electrons create secondary carriers.             
This process is repeated, and this “avalanche” allows for the extreme amplification of the input               
signal. With less electronic signal amplification, avalanche photodiodes are less vulnerable to            
electronic noise. For single photon counting, avalanche photodiodes are operated in “Geiger            
mode,” which operates the photodiode at just above the breakdown voltage threshold. By             
operating close to this threshold, a single incident photon can be adequately amplified for              
detection [18]. 
 



 
 

The electronics present in photon counters must convert the output signal of the photodetector              
into information that is readable by computers. For single photon counting, this information must              
take the form of discrete voltage pulses. One example of these types of pulses is a TTL                 
(Transistor-transistor logic) pulse, conceptualized below: 
 

 
 
Figure 7: Example plot of voltage versus time for a TTL pulse. Note how the TTL pulses take                  
the form of a rect function with distinct edges between voltage and no voltage. This results in a                  
binary signal being conveyed to a computer [18]. 
 
Finally, the voltage pulses delivered to the computer are read by an electronics counter. In               
practice, this is simply a compatible computer card. This computer card allows for the incident               
single photon signal to be post processed [18]. 
 
1.6 Ideal Single Photon Sources 
 
As discussed earlier, single photon sources are critical to several applications within quantum             
optics. In general terms, an ideal single photon emitter excited by a pump source will emit                
photons “on demand.” However, there are several practical limitations to “on demand” single             
photon emission [19]. Thus, it is important to define characteristics of an “ideal” single photon               
emitter for real-world implementation. The ideal single photon emitter will: not exhibit            
photobleaching, maintain photostable emission, possess high quantum efficiency, have a small           
fluorescence lifetime, possess a narrow photoluminescence linewidth, and have a definite           
polarization [18]. 
 
Photobleaching is a phenomena where a fluorescent emitter molecule loses its ability to             
fluoresce. This occurs when incident photons cause fluorescent molecules to undergo irreversible            
changes in their chemical structure, which prevents fluorescence [9]. It is ideal to reduce              
photobleaching in fluorescent single photon sources, as inhibited fluorescence results in inhibited            
single photon emission. 
 
Photostable emission (or blinking) occurs when the output intensity of a fluorescent emitter             
appears to randomly fluctuate between “on” and “off” states [24]. As this random fluctuation              
affects the reliability of single photon sources, this phenomenon must be eliminated in an ideal               
single photon emitter. 
 
Quantum efficiency is a performance metric used to quantify the effectiveness of an emitter to               
produce output signal from incident photons. For the case of single photon sources, a high               
quantum efficiency would necessitate fewer incident (pump) photons to excite the single photon             



 
 

source [22]. Thus, it is desirable for the ideal single photon source to have a high quantum                 
efficiency in order to reduce the required pump energy. 
 
Fluorescence lifetime refers to the time a fluorescent emitter occupies the excited state [25]. For               
single photon sources, a shorter fluorescence lifetime results in less time between successive             
photon emissions. Thus, to speed up emission of single photons, an ideal single photon emitter               
will have a shorter fluorescence lifetime. 
 
Photoluminescence linewidth refers to the spectral linewidth of photoluminescent emitters;          
spectral linewidth quantifies the range of frequencies emitted. More specifically it refers to the              
width of the power spectral density of a single photon emitter [21]. A photoluminescence              
linewidth of 0 would result in single photon emission at exactly one frequency, which would               
appear as a delta function on a power spectral density. For the purposes of single photon                
emission, it is desirable to have as narrow a photoluminescence linewidth as possible, to control               
for variation in emitted photon frequency. 
 
Definite knowledge of emitted photon polarization state is exceptionally important in single            
photon counting applications that are polarization dependent. For example, in quantum based            
communication methods, information is encoded in the polarization states of single photons.            
Thus, the ideal single photon source will emit photons of definite polarization. 
 
1.7 Examples of Single Photon Sources 
 
There are numerous single photon sources; however, it is important to detail representative forms              
of single photon sources. Salient examples include dye molecules and quantum dots [18]. 
 
Dye molecules are organic compounds that are capable of performing as a single photon source.               
These molecules are suspended in a transparent organic matrix. When cooled to exceptionally             
low (cryogenic) temperatures, the dye molecules act as a two-level quantum system. Given a              
proper concentration of dye molecules and the proper excitation, the quantum nature of the              
molecules allows for the excitation of single photons [13]. Relatively recent advances in the              
study of dye molecules have resulted in extremely efficient, spectrally narrow, and tunable single              
photon emitting dye molecules that can operate at room temperature [23]. 
 
Quantum dots are nanoscale semiconductor particles that are capable of operating as a single              
photon source. The same principles behind dye molecules apply to quantum dots, as these dots               
are semiconductor particles. Thus, given the proper concentration of quantum dots and the             
proper excitation, quantum dots fluoresce to emit as a single photon source. Traditionally,             
quantum dots have been grown like crystals in a solution. Traditional quantum dots are capable               
of operating at room temperature. However, this process resulted in a large degree of variability               
between samples. Recently, advances have been made that allow for the precision carving of              
quantum dots inside a semiconductor sandwich (quantum well). These techniques enable the            
control of quantum dot size, position, and can even be used to tune wavelength [20]. 
 



 
 

As stated above, there are several other types of single photon emitters in addition to dye                
molecules and quantum dots. In particular, high efficacy single photon emitters  
are being created through the placement of these sources within microcavities, photonic crystals             
and other micro- or nano- structures. For example, two promising single photon sources are              
single-walled carbon nanotubes and nitrogen vacancy color centers in nanodiamonds [18][19]. 
 

2. ENTANGLED PHOTON SOURCES 
 
2.1 Introduction to Entangled Photon Sources 
 
The evolution of quantum theory has defined modern science. The concepts of quantum theory              
came into conflict with those of classical theory, and reformed humanities base understanding of              
the universe. In particular, when introduced in 1935 by Einstein, Podolsky, and Rosen, the              
concept of quantum entanglement shocked the establishment [7]. Einstein, Podolsky, and Rosen            
struggled to understand how a measurement conducted on one quantum particle resulted in the              
physical augmentation of another quantum particle. Einstein famously called this “spooky action            
at a distance.” It was proposed proposed that this phenomenon must be governed by a set of                 
“hidden variables.” These concepts formed the basis of the “nonlocality hypothesis.” However, it             
would be years before these “hidden variables” were remotely understood. In fact, the tools              
necessary to examine the nonlocality of a quantum particle were not developed until 1964 [5]. 
 
In 1964, physicist John Bell created a method by which to test the theories of Einstein, Podolsky,                 
and Rosen [1]. Bell derived a set of mathematical inequalities that (if violated) proved that the                
nonlocality hypothesis, with its hidden variables, violated established quantum mechanics. To be            
clear, Bell’s inequalities are classical relations, that are only violated in the case of quantum               
entanglement [19]. Quantum entanglement asserts that for entangled quantum particles,          
measurements on one quantum particle alters the state of the second quantum particle, regardless              
of spatial separation [5]. 
 
2.2 Method to Create Entangled Photons 
 
The most common manner by which to achieve entangled photons is through process known as               
spontaneous parametric down conversion [19]. Spontaneous parametric down conversion is a           
nonlinear optical process, where one photon incident on a nonlinear crystal can transformed into              
two photons. The incident photon is known as the “pump” photon, one of the output photons is                 
known as the “signal” photon, and the other output photon is known as the “idler” photon. The                 
transformation of the pump photon into signal and idler photons follows conservation of energy              
and momentum. This follows the following equations: 
 

                 (9a, 9b) 
 
Where ω 1 , ω 2 , and ω 3 are frequencies of the signal, idler, and pump photons respectively; k 1 , k 2 ,                 
and k 3  are wave vectors of the signal, idler, and pump photons respectively [3]. 



 
 

 
SPDC can occur in one of two different forms: Type-I and Type-II down conversion. Type-I               
down conversion occurs when both signal and idler photons exit with polarization (with respect              
to the crystal’s axis) opposite of that of the pump photon. Type-II down conversion occurs when                
an extraordinarily polarized (with respect to the crystal’s optical axis) pump photon results in              
one of the signal and idler photons exits with extraordinary polarization with respect to the               
crystal’s axis and the other exits with ordinary polarization with respect to the crystal’s axis. In                
either case, the output photons have correlated polarizations. Type-I and Type-II down            
conversion is conceptualized in the figure below [3]: 
 
 

 
 
Figure 8: Left: Type-I down conversion. The input pump beam is converted to two overlapping               
beams with paths constrained to a cone centered on the pump photon propagation vector. Output               
photons exit with polarization (with respect to the crystal’s axis) opposite of that of the pump                
photon. Right: Type-II down conversion. The input pump beam is converted to two beams,              
appearing within their respective cones opposite of the pump beam [3]. 
 
2.3 Experimental Violation of Bell’s Inequalities 
 
Experimental violation of Bell’s inequalities validates the theory of quantum entanglement. To            
do this, the conditions for which Bell’s inequalities are violated must be determined. The CHSH               
(Clauser, Horne, Shimony, and Holt) Inequality [4] will be used to prove Bell’s Theorem. CHSH               
assumes there are two detectors (A and B) with linear polarizers in front of them at angles α and                   
β respectively. For single and idle entangled photons incident on the detectors, Bell’s Theorem              
states [5][16]: 
 

          (10) 
 

and: 
  

               (11) 
 
The following is an example experimental setup that fulfills the above conditions [5][16]: 



 
 

 

 
Figure 9: Diagram of example experimental setup used to violate Bell’s inequalities through             
generation of entangled photons [5]. 
 
In the experiment detailed in Figure 9, a laser is attenuated to “single photon” levels using                
optical density filters. Type-I spontaneous parametric down conversion is obtained through the            
use of two type I Beta Barium Borate (BBO) crystals rotated 90 degrees from each other with                 
respect to the direction of beam propagation.The phase difference between the two crystal paths              
is compensated by a birefringent quartz crystal. Narrow-band interference filters and selection of             
definite angles of signal and idler photon propagation are utilized to ensure that both the signal                
and idler photons are emitted at exactly twice the wavelength of the pump photon. Since Type-I                
down conversion necessitates output photons with equal polarizations, opposite to the           
polarization of the pump photon, a 45 degree polarized pump photon can be downconverted in               
either crystal. This produces a pair of entangled photons and is depicted below [19]: 
 

 
Figure 10: Type-I spontaneous parametric down conversion utilized to produce polarization           
entangled photons for an incident pump photon polarized at 45 degrees. [19]. 
 
Following the creation of the entangled photon pair, the entangled photons must be analyzed. To               
do this, analyzer polarizers are placed at angles α and β in the signal and idler path. For the case                    



 
 

described in Figure 10, the probability of coincidence detection can be described as the following               
[19][5]: 
 

      (12) 
 
Where PVV represents the probability of both signal and idler photons having vertical             
polarizations. All other cases should be considered PHH (probability of both having horizontal             
polarizations), PVH and PHV (probability of both having opposite polarizations). Utilizing all            
possible cases, correlation functions (E( α, β) and S) can be determined [19]: 
 

             (13, 14, 15) 
 
It is known that if |S| > 2, Bell’s Inequalities will be violated [16]. This equality can also be                   
related to fringe visibility (V, contrast of interference fringes):  
 

 

                 (16, 17) 
 
Thus, the violation of Bell’s inequalities and thus existence of entangled photons can be              
experimentally verified. Experimental results that utilize fringe visibility to prove the violation            
of Bell’s inequality is shown below: 
 

 



 
 

Figure 11: Fringe visibility vs. angle (degrees) for experimental setup described above. Blue:             
fringe visibility. Orange: threshold for violation of Bell’s Inequalities (at V = 0.7071) [5]. 
 
Note that in Figure 11, there are only a few polarizer angles that result in the violation of Bell’s                   
inequalities. Thus, it is evident that entanglement is a difficult phenomenon to capture             
experimentally. 
 

3. APPLICATION OF SINGLE AND ENTANGLED PHOTON SOURCES 
 
3.1 Quantum Cryptography  
 
There are a great deal of applications for single and entangled photon sources. These              
applications have far-reaching impact and represent a cutting edge area of study. For the              
purposes of this paper, a well known application of both both single and entangled photon               
sources will be discussed: quantum cryptography. 
 
Quantum cryptography represents a solution to weaknesses in traditional encryption schemes.           
Conventional encryption techniques are often based on what is known as RSA encryption. In              
general terms, RSA encryption relies on the fundamental assumption that modern computers do             
not posses the computational power necessary to factor a number that is the product of two                
immense prime numbers. This product is called a “public key,” while the initial two prime               
numbers are the “private key.” The public key is available to any interested party, while the                
private keys are available to only intended parties. With the private key, a computer can easily                
compute the public key. As stated before, given only the public key, modern computers cannot               
functionally compute the private key. However, potential advances in computational power have            
put this fundamental assumption into question. Ironically, quantum computing has the potential            
to have enough computing power to break RSA encryption [12][6].  
 
Weakness in traditional encryption schemes necessitate the development of a viable alternative            
to RSA encryption. One such alternative encryption scheme, known as quantum key distribution,             
utilizes basic quantum principles to allow for secure communication. Similar to RSA encryption,             
quantum key distribution allows a sender and receiver to securely communicate through the use              
of encoding and decoding “keys.” Dissimilar from RSA encryption, quantum key distribution            
utilizes two public communication methods: a one-way photon based quantum communication           
between sender and receiver and a two-way classical communication channel. It is important to              
highlight that the one-way photon based quantum communication channel must be a composed             
of single photon sources of distinct polarization. More detailed on the involvement of single              
photon sources and the role of quantum entanglement will be discussed below. This general              
description of quantum key distribution is depicted in Figure 12 [6][10]: 
 



 
 

 
 
Figure 12: General quantum key distribution schematic. The sender (Alice) and receiver (Bob)             
are able to securely transmit information through both channels, even in the presence of a third                
party (Eve), who monitors both communication channels [10]. 
 
All implementations of quantum key distribution are based off of the first quantum key              
distribution protocol, BB84, developed by Charles Bennet and Gilles Brassard in 1984 [2]. BB84              
protocol (and some relevant modern adaptations) will be presented using the familiar Alice, Bob,              
and Eve. This description will be broken down into three major stages. The initial stage of BB84                 
utilizes a single photon source to establish communication between Alice and Bob via the              
quantum channel. Alice constructs a random string of bits and randomly assigns a rectilinear or               
diagonal basis to each bit. For each bit and basis pair, she utilizes single photon sources of                 
distinct polarization to transmit a photon encoded with the corresponding polarization. After            
receiving these photons, Bob uses a randomly picked basis to measures the polarization state of               
each photon. For the ideal case, if Bob measures a photon with the same basis as Alice, he will                   
be able to accurately measure the polarization state encoded by Alice; if Bob measures a photon                
with not the same basis as Alice, the polarization state he measures will be random [6][10]. 
 
In the next step of BB84, Alice and Bob transmit information over the classical channel               
(telephone, email, etc). Over the classical communication channel, Bob informs Alice of what             
basis he used to measure each photon’s polarization state. Alice verifies which photons Bob              
measured correctly (with the same basis as her) and they disregard all other photons. If there are                 
no errors or external manipulation, Alice and Bob will have a string of matching bits-- known as                 
a “sifted key.” An example exchange between Alice and Bob through the first and second stages                
of BB84 is depicted below [6][10]: 
  

  



 
 

 
Figure 13: Example exchange between Alice and Bob through first and second stages of BB84.               
It is important to note that the shared secret key contains bits only from instances where Alice’s                 
basis and Bob’s basis match [10]. 
 
The third stage is actually an of BB84 adaptation proposed by Artur Ekert in 1991 [8]. This                 
utilizes quantum entanglement to check for any unintended monitoring. This is accomplished by             
Alice and Bob through the comparison of a portion of bits within their sifted key. Without third                 
party monitoring, the bits from the portion of their sifted key should agree. If the portions of the                  
sifted keys agree, that portion of bits is disregarded, while the remaining sifted key forms               
becomes the private key. Alice and Bob can use their private key to securely encode and decode                 
future communication. However, if the compared bits do not match, it reveals the presence of a                
third party (Eve), who is monitoring transmissions on the quantum channel. Since Eve does not               
know which basis Alice used, she measures photons on the quantum channel with a random               
basis. When Eve chooses a basis incorrectly, quantum entanglement theory necessitates that the             
data encoded on the correct basis is lost (since any action performed on one entangled photon                
results in the alteration of the other entangled photon). As Eve measures photons with the wrong                
base, Bob will measure a random polarization state on average 50% of the time. It is assumed                 
that Eve chooses an incorrect basis 50% of the time. Thus, Bob’s measured bits will differ from                 
Alice 25% of the time. These characteristic probabilities can be used to detect the presence of                
Eve. If Eve monitors the quantum channel exchange for the entire transmission, Alice and Bob               
reduce the probability that Eve will go undetected to (3/4)n, where n is the number of n bit                  
comparisons performed by Alice and Bob. Thus, quantum key distribution can effectively alert             
intended parties to the presence of an undetected third party, given a large enough number of                
comparisons. Overall, this cutting edge technique utilizes both single and entangled photon            
sources to ensure secure communication [6][10]. 
 

Conclusion: 
 
This paper reviews single and entangled photon sources, conveying a basic understanding of the              
history, theory, experimental observation, and applications of these subjects. The paper is broken             
down into three distinct sections. Section one is dedicated to single photon sources; section two               
is dedicated to entangled photon sources; and section three is dedicated to an example of a                
practical application of single and entangled photon sources. It is made extremely clear that both               
single photon and entangled photon sources are on the cutting edge of optical technologies.  
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