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Abstract: Quantum optics teaching laboratory consists of four experiments for undergraduates: (1) 
entanglement and Bell’s inequalities, (2) single-photon interference, (3) confocal microscope imaging of 
single-emitter fluorescence, (4) Hanbury Brown and Twiss setup. Fluorescence antibunching.  
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We are developing a set of interdisciplinary laboratory experiments in the field of quantum optics. We will describe 
here four teaching experimental setups built at the Institute of Optics and taught at Fall 2006 as “Quantum optics and 
quantum information laboratory”. The main strength of our course is the use of real equipment of modern quantum 
optics and quantum information to teach the students. 

 
1.  Entanglement and Bell’s inequality violation  
The schematic of teaching experiment to produce polarization-entangled photons and Bell’s inequalities’ violation 
measurements is shown in the Figure 1, left [1,2]. In this experiment we use spontaneous parametric down 
conversion process in two  type-I BBO crystals. Light from a 15 mW, 408 nm cw pump diode laser passes through a 
blue filter and then a quartz plate. A mirror re-directs the beam through a pair of BBO crystals that are mounted 
back-to-back with one rotated 90o from the other about the beam propagation direction. Down-converted photons 
from the crystals are detected by a pair of  single-photon counting avalanche photodiode modules (APDs) mounted 
on the rails [1, 2]. This enables these two APDs to be on two diametrically opposite points of the down-converted 
cone. In this arrangement each crystal can support downconversion of one pump polarization.  
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Figure 1. Left: Schematics of entanglement and Bell’s inequalities experiment Right: Experimental polarization 
correlations. 

A 45o polarized pump photon can downconvert in either crystal, producing a polarization entangled pair of photons. 
Quartz plate rotation compensates phase  introduced by the crystals.  Δ
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Coincidences are detected by a fast logic circuit (counter) card inside a PC. Figure 1, right shows  
~ coincidence count dependence on a relative angle )(cos2 β−α β−α  between two linear polarizers  A and  B  
located in front of each APD. In this experiment an angle β  of  a linear polarizer B varies at two different fixed 
angles α  of  a polarizer A. Calculation of Bell’s inequality in the Clauser-Horn-Shimony-Holt form shows its 
violation (S~2.65) . 
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2. Single photon interference (Young’s double slit experiment and Mach-Zehnder interferometer) 
Young’s double slit experiment shows wave-particle duality. Measurements were made using He-Ne laser beam, 
attenuated to a single photon level and  EM. cooled CCD camera iXon of Andor Technologies (Figure 2, left). 
Mach-Zehnder interferometer (Figure 2, right) is used for the demonstration of a single-photon interference after 
removing “which-way” information (identification of the path). 
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Figure 2. Left: Single-photon interference using Young’s double-slit at different exposure time. Right: Mach-
Zehnder interferometer schematics for “which-way experiment. 
3. Confocal microscope imaging of single-emitter fluorescence  
8 ps pulse duration, 76 MHz pulse repetition rate excitation at 532-nm was used for confocal microscope single-
emitter fluorescence imaging (Figure 3). DiI dye and CdSe colloidal  quantum dots are used as emitters.  
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Figure 3. Left: Photograph and schematics of a home-built confocal microscope. Right: User interface for single-
emitter fluorescence imaging (software was written by A. Lieb). Images show DiI-dye single-molecule fluorescence. 
4. Hanbury Brown and Twiss setup. Fluorescence antibunching 
Figure 4, left shows Hanbury Brown and Twiss setup for fluorescence antibunching measurements. A typical 
confocal fluorescence microscope image of a single CdSe quantum dot in a 1-D photonic bamdgap chiral liquid 
crystal host (prepared by students) is shown in Figure 4, right as well as histogram of coincidence counts of this 
quantum dot fluorescence showing fluorescence antibunching under pulsed, 532-nm  irradiation. TimeHarp 200 PC 
card was used for a start-stop measurements. 
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Figure 4. Left: Schematics of a Hanbury Brown and Twiss setup. Right:  Single quantum dot fluorescence image in 
a 1-D chiral photonic bandgap liquid crystal host and antibunching histogram under pulsed laser irradiation. 
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