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Single and Entangled Photons 

 A single photon source is a source of light that emits photons individually.  Unlike laser 

light attenuated to a single photon level that will not always produce individual photons, these 

single photon sources will emit individual photons that are separated in time.  There are various 

applications of single photons, including quantum computing and quantum cryptography. 

 The idea of single photon sources is closely related to the idea of radiation and how 

photons are emitted from single atoms.  When an atom gains energy, the electrons of that atom 

become excited and transition to a higher energy level.  When the electron returns to a lower 

energy level, the extra energy is given off in the form of a photon.  The time that the electron is 

in its excited state is known as fluorescence lifetime.  For single photon sources, we take samples 

that contain a small concentration of the emitters.  This can be done through spin coating of a 

solution with a low concentration of molecules, which will equally distribute the material at the 

low density needed.  Then a laser beam is tightly focused onto a sample area so that only one 

emitter becomes excited.  That emitter then emits photons one at a time.   

 In order to determine whether or not a source emits single photons or not, we can look at 

the second order correlation of photons.  This was first proposed by Hanbury Brown and Twiss 

in 1956 [1].  The second order correlation relates the intensities of the transmitted beams IT, and 

the reflected beams IR.  The second order correlation is given as: 

 (1) 

Based on the magnitude of this function, we can tell if there is a single photon source.  If the 

light is antibunched, or separated in time, then g(2)(0) is less than 1.  For classical light, g(2)(0) is 

greater than or equal to one.  For perfectly coherent light, the value of g(2)(0) is 1.  Based on 

these values, if we know the value of g(2)(0) we can determine whether or not our source emits 

single photons. 

 Before discussing the applications of these single photon sources, it would make sense to 

address the idea of quantum entanglement.  Quantum entanglement is when the state of a system 



cannot be factored into individual states.  The idea was first introduced by Einstein, Podolsky, 

and Rosen, in the famous EPR experiment. In this experiment, EPR considered a two particle 

system.  They observed that a measurement that was performed on one of the particles 

simultaneously affected the other [2].  This effect is known as entanglement. 

 The combination of single photon sources and entanglement has several real-world 

applications in innovative technologies.  At the top of this list is quantum computing.  Computers 

work by manipulating bits that exist in either a 1 or a 0 state (binary).  Quantum computers are 

not limited by this.  They encode data as qubits, which can exist in a superposition of these two 

states.  The superposition of qubits gives these computers their parallelism.  Parallelism for 

quantum computers means that they can output data based on all of the classical type states.  This 

allows them to work on millions of computations at once [3]. 

 Quantum entanglement also can play a huge role in these quantum computers.  As stated 

earlier, qubits can exist in a superposition of states.  However, once we observe the qubit, we 

know its state.  Seeing that qubits are anything from photons to electrons and so on, we can 

entangle two (or more) qubits.  When we observe one qubit, we will know the value of a bunch 

of them without actually observing them. This also allows for a large amount of data to be 

processed. 

 Another practical application of single photons is secure communication.  A common 

representation of communication involves three persons.  There is attempted communication 

between Bob and Alice, and Eve acts as an eavesdropper trying to steal the information between 

Bob and Alice.  Now suppose Bob sends one photon to Alice.  Because it is only one photon, it 

can only have one ending location.  In this scenario, the photon is intended for Alice.  If it 

reaches her, then we know that everything is secure.  However, if Eve can successfully 

eavesdrop, then he will receive the .photon, not Alice.  This is an easy method to tell if data has 

been successfully transferred from Bob to Alice. 

 This can be taken one step further into quantum cryptography.  An actual commercial 

example of this is quantum key distributions.  This is the process of using quantum 

communication to establish a key that is known between Alice and Bob without Eve learning 

about it [4].  This is done by encoding the data as quantum data.  This entangles the data which is 



then sent between Alice and Bob.  If Eve interferes with the data, all the other information will 

be affected, which can then be detected by Alice and Bob.  This provides a safe method of 

communication between two parties. 

 Quantum mechanics has provided so many new outlets.  From single photon sources to 

quantum cryptography, there is a lot that can be done on an individual photon.  Recent 

developments have allowed for the development of quantum computing.  This allows for much 

faster computations, which could make solving problems that are unsolvable with today’s 

technology possible.  Quantum cryptography is allowing for secure and reliable communication.  

With technology such as quantum key distributions, there is no need to worry about information 

being stolen between two parties.  Even with all of this amazing technology, there continues to 

be a huge interest in research and development, and we can only guess what we will be seeing 

single and entangled photons being used for in the near future. 

 

 

 

 

 

 

 

 

 

 

 

 



REFERENCES 

1. R. Hanbury Brown, R. Q. Twiss, “The question of correlation between photons in coherent 
 light rays”, Vol. 178, 1447-1448(1956).  

2. Einstein A, Podolsky B, Rosen N (1935). "Can Quantum-Mechanical Description of Physical 
 Reality Be Considered Complete?". Phys. Rev. 47 (10): 777–780. 

3. I. L. Chuang and Y. Yamamoto (1995). “Simple Quantum Computer”, Phys. Rev. A 52, 
 3489. 

4. Andrew Steane 1998 “Quantum Computing”. Rep. Prog. Phys. 61 117 
 

  

 


