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We present a novel technique to lock the lasers used to create a Magneto-Optic Trap (MOT) to the MOT itself. We lock the lasers to a naturally broadened atomic transition using a technique analogous to Pound-Drever-Hall (PDH) locking of a cavity.

A probe laser is split from the main trapping laser and shifted 14MHz to the blue. The probe is frequency modulated with an EOM giving sidebands at 800MHz well outside the linewidth of the naturally broadened transition. The frequency of the trapping laser is manually adjusted until the MOT appears, bringing the probe beam on to resonance. The probe is detected on a high frequency photodiode after passing through the MOT. The sidebands are not affected by the resonance and act as a local oscillator allowing us to very sensitively measure the strong phase shift received by the carrier as  it drifts off resonance. The beat signal generated at the modulation frequency can be demodulated, filtered and fed back to the laser via a Proportional-Integral-Differential controller to lock the probe frequency to the atomic transition.

The new self-locked MOT is more compact than the standard technique using saturated absorption spectroscopy on a room temperature Doppler-broadened vapour cell. This may be important for applications where size is critical such as space-based experiments. The error signal from the self-locked MOT is due to the interaction of the probe beam with the entire sample where as saturated absorption on a Doppler-broadened sample probes only a small fraction of the atoms around v = 0. We are investigating this aspect of the self-locked MOT specifically for the trapping of rare isotopes where the natural abundance is too low to provide a saturated absorption locking signal from a room temperature cell.

