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Introductions

Frequency standards are essential for numerous applications such as GNSS and telecommunication systems. Atomic clocks present the best frequency stability available on the market. Latest development aimed at demonstrating a high frequency stability clock in a portable prototype for onboard applications. One of the promising solutions for cesium compact clocks is based on the Coherent Population Trapping (CPT) phenomenon. Here atomic interrogation is carried out by two lasers modes with a frequency difference of 9.19 GHz, matching the separation of the hyperfine ground states of 133Cs. Laboratory clocks demonstrated impressive frequency stabilities of few 10 -13 at 1 s [START_REF] Tricot | Analyse et réduction des sources d'instabilité de fréquence dans une horloge CPT compacte[END_REF], averaging down below 10 -14 at 1000 s of integration time [START_REF] Hafiz | Toward a High-Stability Coherent Population Trapping Cs Vapor-Cell Atomic Clock Using Autobalanced Ramsey Spectroscopy[END_REF].

In order to reduce the size and complexity of these systems, we propose to implement a highly compact clock based on a dual-frequency vertical external cavity surface emitting laser (DF-VECSEL) at 852 nm associated with a miniature optical bench.

Discussion

The optically-pumped DF-VECSEL emits directly the two frequencies needed for CPT interrogation on two orthogonal polarizations. As these two eigenstates share the same cavity and pump noises, it has been shown that their relative intensity noises (RIN) will be correlated and in-phase [START_REF] Gredat | Fully-correlated multi-mode pumping for low-noise dual-frequency VECSELs[END_REF]. In order to further reduce the optical power fluctuations of the laser, we implemented and demonstrated a highly compact set-up for intensity stabilization, operating simultaneously on the two polarizations eigenstates, using miniature optical components and robust bonding technics (figure).

A partial reflection of the laser beam provides a photodetected signal is compared to a reference voltage and a feedback loop is applied to the transmission of an acousto-optic modulator to stabilize the optical power [START_REF] Tricot | Power stabilization of a diode laser with an acousto-optic modulator[END_REF]. Detection of the sum of both polarizations leads to the best overall reduction of the RIN of the two correlated eigenmodes. A reduction of the dual-polarization RIN of 25 dB is measured up to an offset frequency of 4 kHz, reaching a noise floor of -152 dB/Hz (figure). The RIN of the two orthogonal polarizations are similarly reduced by 13 dB, down to a noise floor of -140 dB/Hz, compatible with the targeted clock performances. This noise floor is limited by the amplitude of the correlation between the two intensities (close to 0.9 here). There is good agreement between the predictive model and the experimental results. The discrepancy between model and experiment of noise floors for the RIN of the sum of the polarization is attributed to the shot noise and detection noises that are not yet taken into account in the simulations. 

Conclusion

We implemented and demonstrated the simultaneous optical power stabilization of two polarization modes emitted by a DF-VECSEL within a highly compact set-up. We also developed a predictive model for the RIN reduction that gives good agreement with experimental results, showing that in-phase highly correlated intensity noises could be similarly reduced with a single feedback loop.

Future work will now be conducted for optical frequency locking of the DF-VECSEL via a saturated absorption experiment and for beat note frequency stabilization onto the microwave atomic resonance frequency.
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 : Figure: (Left) Compact set-up for optical isolation and power stabilization of the laser. (Center) Predictive RIN reductions for each components when the sum of the polarizations is detected and stabilized. (Right) Experimental results of the RIN reduction.