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The weak interaction is predicted to give rise to slightly different structures for left and right-handed chiral 

molecules, contrary the common conception that enantiomers are perfect mirror images. The consequences range 

from the nulling of the tunnelling rate between enantiomers to a possible seed of homo-chirality in the chemistry 

of life. We are building a new experiment aimed at observing weak force parity violation (PV) for the first time in  

molecules. We will use the charged version of chiral molecules which can be easily trapped providing long 

interrogation times. Toward this goal we have developed a novel method to differentially extract the PV signature 

from a racemic sample [1], overcoming the need to synthesize enantio-pure samples to be measured separately. 

We use the principles of 3-wave mixing to simultaneously perform Ramsey spectroscopy on the vibrational 

transitions of both enantiomers and extract the frequency in an enantio-resolved manner. The differential nature of 

the scheme enables common-mode noise rejection for signal of interest, optimizing the precision and minimizing 

susceptibility to systematic shifts. The method is applicable to ongoing experiments in neutrals as well as charged 

chiral molecules.   

We will describe our progress towards implementing this scheme in chiral molecular ions. 

 

 

 

Fig. 1: A chiral molecule is described by an asymmetric double well potential when including weak force PV (a). 

When considering the ground vibrational level |1⟩ and two rotational states |2⟩ and |3⟩ in the first excited vibrational 

level, the slight difference in frequency of the two wells leads to an offset between the transitions of Left (L) and 

Right (R) molecules (b). In the method the racemic sample of molecules initially populates |1⟩. The first 𝜋/2 pulse 

in the Ramsey sequence (c) creates the superposition states |𝐿⟩ = (|1⟩ + |2⟩)/√2 and |𝑅⟩ = (|1⟩ + |3⟩)/√2. The 

second 𝜋/2 pulse transfers part of the population of L to |2⟩ and part of R to |3⟩ depending on the free evolution 

time 𝜏. Readout of states |2⟩ and |3⟩ is possible by photo-dissociation, separating the two states by the kinetic energy 

of the photo-fragments (d). 
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