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We study the nature of non-classical single emitter light experimentally by looking at CdTeSe
colloidal quantum dots (QDs), using confocal microscopy and the Hanburry-Brown Twis setup. We
observe the characteristic signature of anti-bunching of a quantum photon emitter. Further we study
the florescence lifetime of DiI Dye in Toluene.

INTRODUCTION

In recent years there has been significant push for
quantum communication and quantum computing. The
search and control of single photon emitters, SPS, can
lead to solution to some of the problems scientists face.

There is a certain signature of a SPS that we observe in
this experiment which is called the anti-bunching effect.
The nature of this phenomenon is due to the similarities
of QDs to an electron trapped in a step potential well.
The confinement can only happen because of the radii
of the QDs are smaller than the DeBroglie wavelength
of the electron. Since the QDs have one excited state,
once excited we must observe fluoresces before they can
accept more photons. This leads to some nonzero time
before the next photon can be emitted. This ∆τ 6= 0
is what we obtain from the time harp as the signature
of anti-bunch. This observation is impossible to achieve
from a classical light source. Even though it is possible to
attenuate a laser to single photon levels the probability
to have “bunching” of photons is non-negligible. Thus
the observation of anti-bunching is the said to be the sig-
nature for a quantum system.

In this paper we study colloidal QDs. The QDs are of
semiconductor material cut to the nanometer scale. For
the fabrication we must know that the QDs are synthe-
sized through many different complex chemical processes.
However we are using CdTeSe and statistically these QDs
have a radius of 2-5 nm. Because of the size of the QDs
we treat them as quantum systems [1].

THEORY

The normalized second order correlation function for
Electric fields is mathematically defined as Eq 1, where
t2 = t1 + τ . Measures correlation between two points
in ~r and t. Since we have two detectors our expression
becomes Eq 2. Looking at the total emission, N , and
intensity correlation as in Eq 3. Assuming emitter are
emitting independently of each other, or no coupling.

g2(t1) =
< E(r1, t1)E∗(r1, t1)E(r2, t2)E∗(r2, t2) >

< E(r1, t1)E∗(r1, t1) >< E(r2, t2)E∗(r2, t2) >
(1)

Theoretical curves for the anti-bunching for N=1,2,3,4

FIG. 1: Theoretical predictions for different values of N, num-
ber of emitters, from Eq 11.

g2(t) =
< I(t)I(t+ τ) >

< I(t) >2
(2)

< I >= N < i > (3)

< I(t)I(t+ τ) >=<
N∑
j=0

ij(~rj , t)
N∑
k=0

ik(~rk, t+ τ) > (4)

Hence now Eq 2 reduces to Eq 5.

< I(t)I(t+ τ) >=
(N2 −N)

N2
+
N < i(t)i(t+ τ) >

N2 < i >2
(5)

Here the second term comes from the auto correlation of
intensities of N single emitters and the first one comes
from the remaining N2 −N terms in the summation.

Intensity per molecule can be written as a product of
the probability of emission per unit time p and a position
dependent efficiency factor η [2]. That is:

< i >= ηp(t) (6)

Putting this back in Eq[5] , and assuming that the emis-
sion from dots is not position dependent and dots are
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FIG. 2: Confocal Microscope schematic sketch

much smaller than our focal spot so that all the light col-
lected comes from dots illuminated from the laser spot,
we get:

g2(t) =
N(N − 1)

N2
+

1
N

< p(t)p(t+ τ) >
< p >2

(7)

For the last term we considering fluorescence fluctua-
tions from single molecules [2]]. If ps(t0, g; t) is the pop-
ulation of excited state at time t , given that dot was
in the ground state at time t0, and ps(∞) be the steady
state probability of the quantum dot to be in the excited
state, we arrive at Eq 8.

< p(t0)p(t0 + τ) >
< p >2

=
ps(t0, g; t)
ps(∞)

(8)

In order to solve for ps(t), consider a two level QD.
Then the equation governing the populations in the two
levels can be written as:

d

dt

(
pg
ps

)
=
(
−K12 K21

K12 −K21

)(
pg
ps

)
(9)

The approximation of the dots by a two level system is
valid under the assumption that the blinking state life-
time is much larger as compared to the excited state life-
time of the dots and that there is no stimulated emission
from the system. The general solution to this system of
differential equations is of the form:

(
pg
ps

)
=
(
a1 a2

b1 b2

)(
e−λ1t

e−λ2t

)
(10)

Here λ are the eigenvalues of the matrix in Eq 9 and
the using the initial conditions we can get the g(2)(t) be
of the form:

FIG. 3: Experimental skimatic scketch.

g2(t) =
N − 1
N

+
1
N

(1− e−| tτ |) (11)

Where, τ is the fluorescence lifetime of the QDs.
A ideal theoretical plot of this function for various N
values is shown in Fig[ 1]

EXPERIMENTAL SETUP

Sample

We use several samples in this experiment. The most
interesting were the QDs provided by Novotny’s Group.
We used a spin coater at 3000 rpm for about 30 seconds.
This is the sample that produces most of our results of
anti-bunching.

We also studied Single emitters in a one dimen-
sional photonic bandgap cholesteric liquid crystal host.
We mixed one drop of cholesteric liquid crystal blend and
one drop of a quantum dot solution and mixed for about
10 min. After the mixing we used another glass cover to
cover the sample to make the photonic bandgap. The
creation of photonic bandgap happened when we shift
the glass slips relative to one another. We also noticed a
coloration that is characteristic to the bandgap structure.

Lastly we also prepared QDs, DiI dye in slol-
vent. We used concentraions of the order of 1 nM. We
applied the sample in the same spin coater settings as in
the Novotny’s sample.
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FIG. 4: Thermal light histogram. Otherwise known as a
classical light source. No anti-bunching from a non-classical
source of light.
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FIG. 5: Confocal scan of nanodimonds (6× 6µm scan).

Confocal Microscope

The confocal microscope, fig[2], was used because of
its pinhole resolution. The resolution can be expressed
as in Eq 12.

∆x = 0.61
λ

NA
(12)

The laser beam is sent through the dichroic mirror,
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FIG. 6: CdTeSe QD raster confocal scan. The strips are noted
to be blinking. (12.5× 12.5µm scan)
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FIG. 7: DiI Dye solution in toluene. (20× 20µm scan)

that lets the laser frequency pass. The beam then goes
through the objective lens where it is focused to the high
NA. Then the light goes through the index matching oil
where it then meets the sample. There is a raster scan
that lets us scan the sample as we can see in figures [5-7].
Then the fluorescence is emitted from the sample where
it travels back to the dichroic however now its deflected
to another objective where there is a pinhole to reject all
the other unfocused signals are suppressed.

Optical Setup

The Optical set up was essentially the Hanburry-
Brown Twis setup where the source of the light was the
fluorescence signal collected from the samples through a
confocal microscope. Referring to figure [3], the signal
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FIG. 8: QD anti-bunching histogram of CdTeSe sample. Fit-
ting leads to τ = 59.72 ns.

was collimated using a strongly focusing lens followed
by a collimating lens. This collimated beam was sent
through a long pass filter and was focused onto the two
APDs via a beam splitter. Two band pass filters were
placed in front of the APDs to avoid the cross talk be-
tween them. The signals collected from the two APDs
were sent to the electronic circuitry (The Time Harp
Card) that plotted the correlations between the two sig-
nals.

MEASUREMENTS AND ANALYSIS

Measuring the anti-bunching involved hunting for sin-
gle emitters and collecting photons from the CdTeSe here
after. This was achieved by taking confocal scans of
various regions on the samples, zooming into less dense
regions and parking on potentially single emitters. We
show the best sample of anti-bunching in fig[8] where we
used Eq[11] to fit the data. We also used the number of
emitters, N , equal to 1. I also did an anti-bunching plot
for the thermal light which, as was expected, gave a flat
curve demonstrating no correlations between intensities
as in Fig[4]. Also by looking at the time trace of the
fluorescence signal, fig[10], from the QD we observe the
phenomenon of blinking, where the QD stops emitting
for a certain time.
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FIG. 9: DiI Dye in Toluene, concentration of 1µM , fluores-
cence lifetime plot and fit. Fitting leads to τ = 2.74 ns.
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FIG. 10: Time trace of a QD CdTeSe in Toluene to ob-
serve the blinking phenomenon while recording anti-bunch
histogram in fig[8].

CONCLUSION

The phenomenon of anti-bunching was successfully ob-
served for single emitter QDs. From the data we have
an average value of the lifetime of DiI Dye in toluene
to be τ = 2.74ns ± 0.117. Additionally we also extract
the florescence of the CdTeSe QD florescence lifetime by
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TABLE I: Fluoresce life time if DiI Dye in Toluene, τ , in ns.
Where < τ >= 2.74± 0.117 ns 95% confidence.

τ 2.66, 2.72 2.78 2.68 2.81 2.67 2.71 2.82 2.76 2.76

curve fitting to be τ = 59.72ns which matches data from
Dr. Novotny’s Group. Using the second order correlation
function we were able to also determine that our sample
indeed was a single emitter of photons. It is also worth
noting that blinking is not the characteristic of a quan-
tum single photon source, the only identifier we verified
in this paper to be is the anti-bunch.

ACKNOWLEDGMENT

I’d like to acknowledge everyone in Dr. Lukishova’s

Quantum Optics Laboratory class, including our TA,
Zack. Also a special thanks to Tanya from Dr. Badolato’s
group, and Rayan Beam from Dr. Novotny’s group.

∗ Electronic address: gerviza@pas.rochester.edu

[1] B.O. Dabbousi, et al, J. Phys. Chem B 101, 9463 (1997).
[2] S.C. Kitson, P. Jonsson, J.G. Rarity, and P.R. Tapster,

PRA 58, 620 (1998)


