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It is now exactly twenty years ago that the Molecular Physics department at the Fritz Haber Institute (FHI) in 
Berlin has been established. Cold Molecules have been an important theme of the ongoing research from the 
beginning and our specific contributions to the field have in the first decade been centred around the manipulation 
and control of molecular beams with electric fields, as reviewed in 2012 [1]. In that year I left the FHI to serve a 
term as president of the Radboud University in Nijmegen, The Netherlands, my alma mater. Since my return to 
the FHI in 2017, we have started new research activities, and here I report on experiments that are currently being 
performed in our department to study and control chiral molecules and to laser cool and trap diatomic molecules.  
In the study of chiral molecules, photo-electron circular dichroism (PECD) [2] - a forward-backward asymmetry 
in the photoemission from a non-racemic sample induced by circularly polarized light - and microwave three wave 
mixing (M3WM) [3] have emerged as powerful new techniques during the last decades. PECD has thus far almost 
exclusively been demonstrated on neutral chiral molecules in the gas phase, using VUV or X-ray ionization 
sources. We have demonstrated that PECD can be observed for chiral molecules in solution as well, using angle 
resolved photo-electron spectroscopy after carbon core-level excitation on a liquid jet of fenchone [4]. More 
recently, we have also demonstrated PECD on mass-selected anions with visible and near-UV laser light by 
recording energy resolved PECD signals for deprotonated 1-indanol anions, using velocity map imaging (VMI) of 
the photo-detached electrons. The study on anions can elucidate the role of long-range interactions between the 
departing electron and the remaining core in the PECD process. In most M3WM experiments that have been 
performed to date, the microwave signal itself, i.e. the free induction decay, has been used for detection and 
characterization, and signal intensities have been limited by thermal population differences. We have performed 
experiments on a jet-cooled beam of 1-indanol, and first deplete a selected rotational level in the electronic and 
vibrational ground state via optical pumping on the S1 ¬ S0 transition. Further downstream, three consecutive 
microwave pulses with mutually perpendicular polarizations and with a well-defined duration and phase are then 
applied. The population in the originally depleted rotational level is subsequently monitored via laser induced 
fluorescence detection. This scheme has enabled the first quantitative comparison of experiment and theory for the 
transfer efficiency in what is the simplest triangle for enantiomer-specific state transfer (ESST) for any chiral 
molecule, that is, the one involving the absolute ground state level [5]. 
In our search for "the most ideal molecule" for laser cooling and trapping, that is, yielding the highest densities of 
ultracold molecular samples, we have identified and focused in on aluminum monofluoride. The AlF molecule has 
a binding energy of almost 7 eV and vapour pressures of tens of mbar can be reached at temperatures around 1200-
1350 °C. Therefore, a bright beam of AlF can be produced, either pulsed or cw. The photon scattering rate on the 
A1P - X1S+ band around 227 nm is very high, the Franck-Condon matrix is highly diagonal, all Q-lines of a 1P 
¬ 1S+ transition are rotationally closed and the hyperfine splitting in the 1S+ state is within the natural linewidth 
of the optical transition. The distance needed for laser slowing a beam of AlF molecules to rest will therefore be 
only several centimeters and the capture velocity of a MOT will be exceptionally large. We have used pulsed 
beams of jet-cooled AlF and beams from a buffergas source in combination with radio-frequency, microwave and 
optical fields to experimentally determine the fine and hyperfine structure of the lowest rotational levels in the 
X1S+, A1P and a3P states of AlF [6]. We have also determined how the hyperfine levels split and shift in external 
electric and magnetic fields and we have performed a detailed investigation of the singlet-triplet interaction, as this 
could cause a loss channel [7].  We have experimentally verified the predicted high scattering rate and we have 
demonstrated efficient optical cycling on the A1P - X1S+ band [8]. A status update will be given. 
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