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Magneto-optical trapping of molecules has thus far been restricted to molecules with 2Y or 2Y-like electronic ground states.
These species are normally chemically reactive and difficult to produce, and in the case of diatomic molecules with 2X+
ground states, a simple laser cooling scheme exists only for the first excited rotational level.

In this talk, I will present the first magneto-optical trap (MOT) for a ¥+ ground state molecule, the diatomic species
aluminium monofluoride (AIF). The intense ATl + X'XT transition in AIF enables efficient optical cycling on any Q(J)
rotational line, and we take advantage of this fact by demonstrating a MOT for three different excited rotational levels. Our
results represent the shortest wavelength magneto-optical trap for any atom or molecule to date, and pave the way to highly
precise spectroscopy on the spin-forbidden a’Il «+— X' ¥ transition in AIF.
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Figure 1: Magneto-optical trapping of AIF molecules. Upper spectrum: molecular beam fluorescence spectroscopy of the
A'TI,v = 0 = X'ET, v = 0 transition in AlF, showing the five lowest Q(.J) lines. Lower spectra: fluorescence spectra of
the MOT for three different rotational states. Red, solid lines: spectra with the circular polarisations of the trapping light
configured for the MOT. Blue, solid lines: spectra with the circular polarisations of all trapping beams reversed. Dashed,
grey lines show the position of resonance lines measured in the molecular beam. Insets show camera fluorescence images at
the position of the fluorescence peak, for the MOT polarisation configuration.
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