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Abstract 
This lab had two objectives. First, we wished to image a variety of fluorescing single photon 
sources using a confocal microscopy setup. Second, we wished to detect photon antibunching 
using a Hanbury Brown & Twiss setup in at least one of the samples. We were able to 
successfully image samples of Single Walled Carbon Nanotubes, Nanodiamonds, Gold 
Nanoparticles, and Colloidal CdSe Quantum Dots, but, due to time constraints, we were not able 
to observe photon antibunching.  
 
Background 
The thing that we are most interested in within this lab is the nature of fluorescing single photon 
sources. Theoretically, single photon sources are interesting because of unexpected 
characteristics they exhibit like blinking and because of the single photon statistics they produce. 
Blinking is a phenomenon wherein single-emitters change emission intensity randomly and 
discontinuously. This is interesting because there is no definite theoretical or experimental 
understanding for why this happens, despite a significant amount of intense research (Krauss & 
Peterson, 2011).  
 
Statistically, single photon sources are interesting because of how they demonstrate the existence 
of a quantized electric field. Unfortunately, since we did not successfully observe antibunched 
photons or spend significant amounts of time on this topic in class, I will only briefly introduce 
this fascinating aspect of the coursework.  
 
In a classical electric field, the correlation between the intensities of light transmitted by a 
beamsplitter (IT) and reflected (IR) by the beamsplitter can be determined via the degree of 
second-order coherence, which is described by the relation  
 

𝑔𝑇,𝑅
(2) (𝜏) =  

< 𝐼𝑇(𝑡 +  𝜏)𝐼𝑅(𝑡) >
< 𝐼𝑇(𝑡 +  𝜏) >< 𝐼𝑅(𝑡) >

 

 
where 𝜏 denotes the time delay between intensity measurements. For classical interpretations of 
the field, we expect that the beam of emitted light splits into two half as intense beams of light 
(IT and IR) upon hitting the beamsplitter such that each beam is incident upon the detectors at the 
same time, so the time delay 𝜏 should be 0. Theoretically, for classically behaving light, 
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𝑔𝑇,𝑅
(2) (𝜏) =  𝑔(2)(0)  ≥ 1, and this has been verified experimentally. Recent experiments, 

however, have found 𝑔(2)(0) to be less than one, which is fascinating because it indicates that 
classical mechanics does not provide a comprehensive description of nature, which further 
necessitates the development of quantum mechanics to explain phenomena like photon 
antibunching (Lukishova, 2008). 
 
In terms of application, single photon sources are interesting because of the potential role they 
could play in quantum information technology and quantum communication. In this lab, the 
application we focused most on was quantum communication. Single photon sources are useful 
because, if single photons are used for communication, eavesdroppers cannot intercept or 
manipulate the transmitted information without affecting the information.  
 

   
Figure 1 - Example of an absolutely secure communication system utilizing single photons (Image taken from 
http://www.optics.rochester.edu/workgroups/lukishova/QuantumOpticsLab/homepage/SPS_Lecture_1.pdf) 

Figure 1 demonstrates how an eavesdropper (Eve) cannot intercept information being 
communicated between two communicators (Bob & Alice). After the information is in transit, if 
Eve intercepts the information, Bob will not receive the information in its original format, which 
will make it obvious that someone else has interfered. 
 

http://www.optics.rochester.edu/workgroups/lukishova/QuantumOpticsLab/homepage/SPS_Lecture_1.pdf
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Experimental Setup and Procedure 
To image the fluorescence of our samples, we utilized a confocal microscopy setup in 
conjunction with a Hanbury Brown and Twiss interferometer (HBT).  
 

 
Figure 2 - Our experimental setup 

 
Images were obtained by stimulating a sample placed (distributed between two cover slips) on 
the stage using a drop of oil immersion with 532nm coherent, pulsed, filtered light. The excited 
sample would then fluoresce, pass through the confocal system, and, before passing the emitted 
light through the pinhole aperture, the fluorescence emission would pass through a 50/50 
beamsplitter that allowed for intensity interferometry. Since the confocal system can only image 
a point of some plane, the stage was connected to a nanodrive that moved the stage 
systematically through the focal plane with length and width image boundaries specified by the 
user before scanning. This is a technique called Raster scanning.  
 
Confocal Microscopy  
This type of microscope is useful because it utilizes a pinhole aperture that blocks out-of-focus 
light, a process which you can see happening in Figure 3. Whereas a conventional wide-field 
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microscope can only focus onto a plane, confocal microscopes can focus onto a point by 
blocking light out from the area that surrounds the point we are interested in. 
 

  
Figure 3 - Diagram of the components of a confocal microscope. In our setup, we also utilized a filter that blocked 
out laser light reflected in the direction of the detector  

(Image taken from http://www.microscopyu.com/articles/confocal/confocalintrobasics.html) 

Moving the objective allows us to determine the image plane as it would in any conventional 
microscope, and the pinhole allows for a specific point in the focus plane to be selected for 
imaging. In order to image a given area of the sample, as was explained above, a nanodrive 
moved the stage so that the detector scan a user-specified area of the sample.  
 
Hanbury Brown and Twiss Interferometer 
The HBT interferometer is used in this experiment to detect the separation of photons in time. 
Whereas many interferometers detect differences in phase, the HBT interferometer is used to 
measure differences in intensity. The set up is visually represented by the part of Figure 2 that 
displays the 50/50 beamsplitter (BS), two detectors (APD1 and APD2), the variable delay, and 
the Timeharp 200 system.  
 
The detectors that we use are avalanche photodiode modules. Our particular APDs were 
fabricated using Silicon, but different materials can be used for detecting different spectral 
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regions. The spectral region of our Silicon detectors is capable of detecting frequencies in the 
optical range and the near infrared. 
 
The timeharp 200 system utilizes a special computer card that measures the time between a start 
and stop signal. One APD represents the start, and the other represents the stop signal. When a 
photon is incident upon one of the detectors, the detector uses the photoelectric effect to convert 
the incident light to a TTL electrical pulse, which is then passed into timeharp. So, when one 
photon hits one detector, a start or stop signal is registered, then, when another photon hits the 
other detector, a stop or start signal is registered. The timeharp 200 system is capable of 
measuring extremely small instances of time between counts. 
 
Results and Discussion 
Carbon Nanotubes  
 

 
Figure 4 - CNT sample created on May 17, 2012. Incident power measured at 32.8μW on the entrance of the 
microscope. The detectors are obviously not well aligned, but fluorescence can still be easily seen in clusters 
around the middle of the scan.  

Much of the work that we did in the lab was related to Carbon Nanotubes. We took many images 
of the spectrum of the CNT samples we made using a spectrometer and an EM CCD camera, and 
we got a lot of Raster scans of CNT samples. 
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Figure 5.1 - Spectrogram of CNT sample with exposure time of 2 seconds. Two sharp peaks are shown at 
around 580nm and 680nm. Which was initially thought to be and example of Raman Scattering. 
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Figure 5.2 – Another image taken of the spectrum of the CNTs from Figure 5.1, but showing peaks in 
different areas this time. Since the peaks have a different separation than they did in figure 5.1, this is 
probably not an example of Raman Scattering 
 
The CNT spectrums showed in Figures 5.1 and 5.2 show two sharp peaks, but do not represent 
anything significant. Carbon Nanotubes offer the same advantages as Nanodiamonds in that they 
are resistant to blinking and bleaching, but they also offer another benefit: you can adjust their 
photoluminescent behavior behavior by tweaking the diameter of the tube. Other nano-emitters 
do not offer that possibility.  
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Nano-diamonds 
 

 
Figure 5 - This is a Raster scan of a sample of Nano-Diamonds we created in lab on September 11th. The 
photon counts the APDs detected are much higher than for average CNT scans, which implies that Nano-
Diamonds fluoresce much more strongly 

Nano-diamonds are interesting as single photon sources because they act like single-emitter 
molecules despite being covalent networks of carbon. This is because diamonds have impurities 
in them, and the type of impurity that we are interested in is what is known as a Nitrogen 
Vacancy Center (N-V Center) or color center. These N-V centers fluoresce when excited, and 
show properties similar to single molecules. Nano-diamonds are also interesting because they do 
not exhibit blinking or bleaching at room temperature, which is important for application (A. 
Gruber, 1997) 
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Figure 7 - Spectrum of a sample of Nano-Diamonds taken with 5 second exposure time showing one sharp 
peak at 613.7nm. Sample created on September 18, 2012 

Gold Nanoparticles 
 
On September 18th, we created a sample of Gold Nanoparticles and took a single image of its 
spectrum with a 5 second exposure time 
 

 
Figure 8 - Spectrum of Gold Nanoparticles 
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Colloidal CdSe Quantum Dots (QD) 
On October 1st, 2012 we attempted to achieve antibunching with QDs, but we were not 
successful, as demonstrated by Figure 9.  
 

 
Figure 9 - Coincidence Histogram of CdSe Quatum dots taken on October 1st, 2012. Laser power measured 
at 135μW using Neutral Density Filters - .1, .35, and .46. 

 
The histogram does not show photons separated in time, which means we did not achieve photon 
antibunching. We performed 4 trials, and all 4 of them showed results similar to Figure 9. A 
successful antibunching experiment would show a V shape with the bottom of the V at the 0 
point on the x-axis. This is because, if the photons, are antibunched, then there is some time 
between them, which means there should not be instances of photons hitting the detectors at the 
same time (0 time delay).  
 
Even though we did not attain antibunched photons, we were able to get good Raster images of 
QD blinking, shown in in Figure 10. The time series graph shows clear fluctuation in the count 
over time, and the variability of fluorescence intensity is visible in the Raster images. This is 
because of the way the sample is scanned. The nanodrive moves the focus of the image in a sort 
of row format, so each row of pixels of the image is taken at a different time. Therefore, if the 
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sample exhibits blinking, then the intensity of emission from some chosen position will show 
different intensities as it is revisited for scanning.  
 

 
Figure 10 - Raster scan of the QD sample we used for our attempt at antibunching. Laser power measured at 
135μW using Neutral Density Filters - .1, .35, and .46. Image taken on October 1st, 2012.  
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