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Labs 3-4:  Single-photon Source 
Lab. 3. Confocal fluorescence 
microscopy of single-emitter 

Lab. 4. Hanbury Brown and Twiss 
setup. Fluorescence antibunching 
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Labs 3-4: Single-photon Source 
   Efficiently produces photons with        

antibunching characteristics (all photons 
are separated from each other); 

   Faint laser pulses are contaminated by 
pairs and triplets of photons 

Eve 

Absolutely secure quantum communication 
using single photons exhibiting antibunching 
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ArXiv: 0903.3907, March 2009 (N. 
Gisin’s group jointly with Corning ). 

New J. Phys. 10 (2008) 033038 (A. Zeilinger’s group) 

  How far single photons can propagate 

(using a satellite and the 
telescope at the Matera Laser 
Ranging Observatory of the 
Italian Space Agency)  

(with extremely low losses) 
In Space Fiber optics 

Quantum key distribution over 
250 km with faint laser pulses 
(OBER is errors in %) 

Detection of faint laser pulses with average 
0.5 photons/pulse  through 1,485 km 
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Entangled and single photon based                     
quantum communication over 144 km 

Recent advances in quantum communication 

Nature Physics 3, 481 - 486 (2007) – entanglement, 

Phys. Rev. Lett. 98, 010504 (2007) – faint pulses. 
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Photon bunching 
In 1956, R.H. Brown and R.Q. Twiss observed the existence of 
correlation between the outputs of two photoelectric detectors 
illuminated by partially correlated light waves [Nature, 111, 27 (1956)].  
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   When the positions of the two detectors are given by r1 
and r2, the joint photo-detection probability at two 
different times t and t + τ  is given by 

     For classical light 

    In quantum mechanical formulation  

     Particularly for single photons (τ=0) 

This phenomenon is known antibunching 

Photon antibunching 
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     Light from ordinary laser sources attenuated to single 
photon level is never antibunched. 

    Mandel and Kimble first observed experimentally photon 
antibunching 

H. J. Kimble and L. Mandel Phys. Rev. A, 13, 2123 (1976). 
H. J. Kimble and L. Mandel Phys. Rev. A, 15, 689 (1977). 
H. J. Kimble, M. Dagenais and L. Mandel, Phys. Rev. Lett.,  39, 691 (1977) 
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To produce single photons, a laser beam is tightly 
focused into a sample area containing a very low 
concentration of emitters, so that only one 
emitter becomes excited. It emits only one 
photon at a time. 

To enhance single photon efficiency a cavity should be used 
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The laser beam spot size Δx that is 
achieved at the sample depends on the 
numerical aperture NA of the objective 
and the wavelength λ used for 
illumination. It is usually limited by 
diffraction of the laser light at the 
entrance aperture of the objective  
                                               ,  

For NA = 1.4 the lateral spot size (point-
spread function width) for green light 
with λ = 500 nm is about 220 nm,  its  
length is 750 nm.  

α
NA=nsinα=nsinarctgD/2F≈nD/2F 
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Confocal fluorescence microscope 
and Hanbury Brown and Twiss setup 

76 MHz  repetition rate, ~6 ps pulsed-laser excitation at 532 nm 
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Blinking of single colloidal quantum dots (video) 
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Photonic bandgap materials (photonic crystals) 
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We are using cholesteric liquid crystal   
1-D photonic bandgap microcavity 

λo= navPo,  Δλ = λoΔn/nav ,  

where pitch Po = 2a 
(a is a period of the structure);

nav= (ne + no)/2; Δn = ne - no . 
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Selective reflection curves of 1-D photonic bandgap 
planar-aligned dye-doped cholesteric layers 

(mixtures of E7 and CB15)
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Confocal microscope raster 
scan images of single colloidal 
quantum dot fluorescence in a 
1-D photonic bandgap  liquid 
crystal host 

Histogram showing fluorescence 
antibunching (dip in the histogram) 

Antibunching is a proof of a single-
photon nature of a light source. 
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The values of a second order correlation function g(2)(0)  

g(2)(0) = 0.18 ± 0.03 g(2)(0) = 0.11 ±0.06 

g(2)(0) = 0.54 ± 0.06 

Colloidal semiconductor quantum dots in a cholesteric liquid crystal 
photonic bandgap microcavity 

NV color centers in nanodiamonds 
(~25 nm monocrystals) 

   For antibunched light g(2)(0) < 1; 
g(2)

max(τ) = 1.  

   For coherent light g(2)(τ) = 1 for 
all values of τ including τ =0; 

   For bunched light g(2) (0) > 1 and 
g(2)(0) >  g(2)(τ).
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Quantum cryptography BB84 protocol                                 
from http://research.physics.illinois.edu/QI/Photonics/movies/bb84.swf 

Perpendicular polarizations of single photons 
encode 0’s and 1’s in two different bases 
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Quantum teleportation 

1.   C.H. Bennett et al., “Teleporting an unknown quantum state via dual classic and 
Einstein-Podolsky-Rosen channels”. Phys. Rev. Lett. 70, 1895–1899 (1993).  

2.  D. Bouwmeester et al., Experimental quantum teleportation,  Nature 390, 
575-579 (11 December 1997). 

   The trick to teleportation is for 
Alice to take photon 1 and entangle it 
(e.g., using beamsplitter) with photon 
2 from the ancillary entangled 
photon pair 2 and 3.  

   Initial polarization state of photon 1 
will be transferred to photon 3 on 
Bob’s side. 

   Being entangled, photon 1 will loose 
its state identity.  
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Quantum computers 

If functional quantum computers can be built, they will be valuable in 
factoring large numbers, and therefore extremely useful for decoding and 
encoding secret information. If one were to be built today, no information on 
the Internet would be safe.  

Quantum bits, called qubits, are implemented using quantum mechanical two state 
systems; these are not confined to their two basic states but can also exist in 
superpositions (the qubit is both in state 0 and state 1).  

Quantum computers can perform many different calculations in parallel:         
a system with n qubits can perform 2n calculations at once!  
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New experiment shows that direct communication between 
the entangled  photons is  impossible 

On the basis of measurements, the 
team concluded that if the photons 
had communicated, they must have 
done so at least 100,000 times 
faster than the speed of light — 
that would be impossible.  

A. Baas, C. Branciard, N. Gisin, H. Zbinden, D. Salart , “Testing the speed of “spooky 
action at a distance”,  Nature 454, 861-864 (14 August 2008). 
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Quantum communication 
companies on the market 


