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INTRODUCTION

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

Several research groups have studied in detail the frequency combs generated by nonlinear whispering gallery mode (WGM) with ultra-high Q factors, when pumped by a continuous-wave laser. [START_REF] Kippenberg | Kerr-Nonlinearity Optical Parametric Oscillation in an Ultrahigh-Q Toroid Microcavity[END_REF][START_REF] Savchenkov | Low Threshold Optical Oscillations in a Whispering Gallery Mode CaF 2 Resonator[END_REF][START_REF] Del'haye | Optical frequency comb generation from a monolithic microresonator[END_REF] The nonlinear analysis of these combs can be performed via a modal expansion approach [START_REF] Chembo | Modal expansion approach to optical-frequency-comb generation with monolithic whispering-gallery-mode resonators[END_REF][START_REF] Chembo | On the generation of octave-spanning optical frequency combs using monolithic whispering-gallery-mode microresonators[END_REF] or via a spatiotemporal formalism [START_REF] Matsko | Mode-locked Kerr frequency combs[END_REF][START_REF] Chembo | Spatiotemporal Lugiato-Lefever formalism for Kerr-comb generation in whispering-gallery-mode resonators[END_REF][START_REF] Coen | Modeling of octave-spanning Kerr frequency combs using a generalized mean-field Lugiato-Lefever model[END_REF] relying on the Lugiato-Lefever equation. [START_REF] Lugiato | Spatial Dissipative Structures in Passive Optical Systems[END_REF] For the particular case of Kerr combs in the quantum regime, 10 sub-threshold pumping leads to twin-photon generation leading to parametric fluorescence, [START_REF] Sharping | Generation of correlated photons in nanoscale silicon waveguides[END_REF][START_REF] Clemmen | Continuous wave photon pair generation in silicon-on-insulator waveguides and ring resonators[END_REF][START_REF] Helt | Spontaneous four-wave mixing in microring resonators[END_REF][START_REF] Chen | Frequency-bin entangled comb of photon pairs from a Silicon-on-Insulator micro-resonator[END_REF][START_REF] Azzini | Ultra-low power generation of twin photons in a compact silicon ring resonator[END_REF][START_REF] Helt | How does it scale? Comparing quantum and classical nonlinear optical processes in integrated devices[END_REF][START_REF] Azzini | From classical four-wave mixing to parametric fluorescence in silicon microring resonators[END_REF][START_REF] Camacho | Entangled photon generation using four-wave mixing in azimuthally symmetric microresonators[END_REF][START_REF] Matsuda | A monolithically integrated polarization entangled photon pair source on a silicon chip[END_REF][START_REF] Reimer | Integrated frequency comb source of heralded single photons[END_REF][START_REF] Vernon | Spontaneous four-wave mixing in lossy microring resonators[END_REF][START_REF] Engin | Photon pair generation in a silicon micro-ring resonator with reverse bias enhancement[END_REF][START_REF] Grassani | Micrometerscale integrated silicon source of time-energy entangled photons[END_REF][START_REF] Silverstone | Thompson Qubit entanglement between ring-resonator photon-pair sources on a silicon chip[END_REF][START_REF] Wakabayashi | Time-bin entangled photon pair generation from Si micro-ring resonator[END_REF] while pumping above threshold can lead to squeezing, [START_REF] Dutt | On-Chip Optical Squeezing[END_REF] as initially predicted by several decaes ago for systems ruled by the Lugiato-Lefever equation. [START_REF] Lugiato | Quantum Noise Reduction in a Spatial Dissipative Structure[END_REF] Indeed, other types of nonlinearities can be used as well for the generation of quantum states using high-Q resonators [START_REF] Fürst | Quantum Light from a Whispering-Gallery-Mode Disk Resonator[END_REF][START_REF] Förtsch | A versatile source of single photons for quantum information processing[END_REF][START_REF] Förtsch | Highly efficient generation of single-mode photon pairs from a crystalline whispering-gallery-mode resonator source[END_REF] Such quantum optical frequency combs are expected to play a major role in future quantum communication networks. The topic of optical frequency comb generation using high-Q WGM of ring resonators has generated an extensive literature in both the nonlinear and quantum regimes, and comprehensive reviews include for example refs. [START_REF] Chembo | Kerr optical frequency combs: theory, applications and perspectives[END_REF][START_REF] Strekalov | Nonlinear and quantum optics with whispering gallery resonators[END_REF][START_REF] Lin | Nonlinear photonics with high-Q whispering-gallery-mode resonators[END_REF][START_REF] Pasquazi | Micro-combs: a novel generation of optical sources[END_REF] 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.

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 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.

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. [44][45][46][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. [START_REF] Tavernier | Magnesium fluoride whispering gallery mode disk-resonators for microwave photonics applications[END_REF][START_REF] Coillet | Microwave Photonics Systems Based on Whispering-gallery-mode Resonators[END_REF][START_REF] Lin | Cascaded Brillouin lasing in monolithic barium fluoride whispering gallery mode resonators[END_REF][START_REF] Lin | On the dispersion management of fluorite whispering-gallery mode resonators for Kerr optical frequency comb generation in the telecom and mid-infrared range[END_REF][START_REF] Chembo | Spatiotemporal dynamics of Kerr-Raman optical frequency combs[END_REF][START_REF] Henriet | Kerr optical frequency comb generation in strontium fluoride whispering-gallery mode resonators with billion quality factor[END_REF][START_REF] Lin | Phase-locking transition in Raman combs generated with whispering gallery mode resonators[END_REF][START_REF] Lin | Universal nonlinear scattering in ultra-high Q whispering gallery-mode resonators[END_REF][START_REF] Saleh | On the phase noise performance of microwave and millimeter-wave signals generated with versatile Kerr optical frequency combs[END_REF] 
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 1 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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 2 Figure 2. Spontaneous emission of the PPLN at 1550.11 nm mesured with 10 km fiber spool and the photon counter.
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 3 Figure 3. Power measurement of the output power of the first PPLN (775.05 nm) over 20 minutes