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ABSTRACT

The quantum properties of optical frequency combs have been the focus of several research works in recent years.
Investigating the quantum correlations between the spectral components of the combs is of fundamental interest
because it allows for a better understanding of light-matter interactions, but also of technological interest as it
wold permits the implementation of quantum communication networks. In this communication, we present some
of our latest advances in this field.
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1. INTRODUCTION

In recent years, optical frequency combs have been mostly investigated for the purpose of time-frequency metrol-
ogy and sensing.

Several research groups have studied in detail the frequency combs generated by nonlinear whispering gallery
mode (WGM) with ultra-high @ factors, when pumped by a continuous-wave laser.! 3 The nonlinear analysis of
these combs can be performed via a modal expansion approach®® or via a spatiotemporal formalism®® relying
on the Lugiato-Lefever equation.? For the particular case of Kerr combs in the quantum regime,'® sub-threshold
pumping leads to twin-photon generation leading to parametric fluorescence,'' 2 while pumping above threshold
can lead to squeezing,?S as initially predicted by several decaes ago for systems ruled by the Lugiato-Lefever
equation.?” Indeed, other types of nonlinearities can be used as well for the generation of quantum states
using high-Q resonators?® 3% Such quantum optical frequency combs are expected to play a major role in future
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Figure 1. Experimental setup for photon pair generation and frequency comb filtering. The superior block is the source
and the inferior block highlights photon manipulation, that is filtering, delay and detection
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Figure 2. Spontaneous emission of the PPLN at 1550.11 nm mesured with 10 km fiber spool and the photon counter.

quantum communication networks. The topic of optical frequency comb generation using high-QQ WGM of ring
resonators has generated an extensive literature in both the nonlinear and quantum regimes, and comprehensive
reviews include for example refs.31 34

In this communication we present preliminary results related to our work that is based on a different kind
of frequency optical frequency comb, and the main idea here is to carve out a comb out of a fluorescence
spectrum generated via spontaneous parametric down conversion, and the system presented below is essentially
an experimental characterization of our twin photon source.

2. SYSTEM

The experimental system under study is presented in Fig. 1. An important procedure is the measurement of the
coincidence detection for two photons, that allows us to find out, with a given probability, if those two photons
belong to the same pair. We use very sensitive avalanche photodiodes that can perform single-photon detection,
and the performance of our measurement procedure critically depends on various parameters, such as the dark
count rate. Our photon counters are used in the triggered mode and we measure the time between the two
triggers in order to plot coincidence histograms over a certain period of time.

The photon pairs are generated not by four wave mixing as in a sub-threshold Kerr comb generator, but
via spontaneous parametric down conversion inside a PPLN crystal. A fibered Fabry-Perot cavity filters the
spontaneous emission spectrum of the PPLN to give us the equivalent of a frequency comb.

The source block is composed of a laser diode that with an output around 1550 nm. The laser diode pumps
the PPLN crystal and part of the the output signal is the second harmonic generation (SHG) around 775 nm.
The power generated through second harmonic generation is used to pump another PLLN crystal, this time to
generate spontaneous emitted photon pairs. Since at the output of the first PPLN there is remaining at 1550 nm,
a broadband filter is used to filter out around the 1550 nm signal and let the photons at 775 nm pass. A 90/10
coupler is used to send a small fraction the light to a power meter, which allows us to monitor the input power
and perform power stability measurements. A fibered Fabry-Perot cavity with a 25 GHz free spectral range is
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Figure 3. Power measurement of the output power of the first PPLN (775.05 nm) over 20 minutes

used to periodically filter the spontaneous emission spectrum of the second PPLN. A programmable filter is then
used to select resonances of the Fabry-Perot cavity and thus frequency of the photon pairs that are generated.
A fiber spool of varying length (10 or 25 km) is used to temporally delay the photons relative to their frequency.
The fiber turns a frequency difference into a time of arrival difference because of its dispersion. For silica fiber,
the group velocity dispersion is typically 16 ps/nm/km (i.e., two photons separated by 1 nm and entering the
fiber at the same time are going to exit with a time delay of 16 ps after 1 km of fiber propagation). Finally a
beam splitter separates the photon pairs and send one to the first detector and the other to the second detector.

3. RESULTS AND OUTLOOK

Figure 3 represents the count histogram for different temperatures of the PPLN. We started at 35°C' and
finished at 38.5°C' and for each temperature, the counts were measured over 20 minutes. We found that the ideal
temperature, that the temperature for which the number of counts is maximized was 36.8°C'. From that point
on, this is the temperature we used.

On the other hand, in Fig. 3, the power is very stable over 20 minutes with relative variations of less that
1%. Over 2 hours we observed variations of about 5 to 10% but since most of our measurements where made
over 20 minutes, the first stability measurement is thus more relevant.

The next step of our investigations will be to optimize the system in order to increase brightness and stability
over time. A detailed analysis will be performed as well to study its quantum correlation properties.** 47 Future
work will also be specifically devoted to the use of high-Q WGM resonators in the linear (filtering) or nonlinear
(twin-photon generation) regime for various quantum photonic systems.35 43
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