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Context:  
An important objective of this project is to make new cutting-edge technological 
developments for the study of complex polyatomic molecules at the forefront of the field of 
cold molecule research and of precision spectroscopic measurements. Those developments 
will allow complex polyatomic molecules to be studied at an unprecedented level of 
precision, with a range of potential applications in tests of fundamental physics, in particular 
towards the observation of the left-right symmetry breaking in chiral molecules. 

Three among the four fundamental interactions of nature (the electromagnetic, strong and 
gravitational interactions) conserve parity and are invariant under space inversion which 
transforms (x,y,z) in (-x,-y,-z). But this left-right symmetry is not conserved in interactions 
involving the weak nuclear force. This has been verified in high-energy processes (of nuclear 
and particle physics) and in atomic physics. But it has yet to be observed in the molecular 
domain, where parity violation should lead to a small difference in energy between the two 
enantiomers – the two non-superimposable mirror images – of a chiral molecule. Confirming 
this difference is important for several reasons. It is a probe of the weak interaction and would 
thus serve as a test of the standard model and a probe of physics beyond it. But it will also 
shed light on the origin of biomolecular homochirality, the unexplained but possibly related 
puzzle that Nature works only with L-amino acids and D-sugars, not their mirror images. 
To date, no experiment has reached the sensitivity required to observe this tiny energy 
difference. Our approach is that of “time-frequency” metrology. We are developing a 
molecular clock, that is to say a high precision mid-infrared (frequency ~30 THz, wavelength 
~10 µm) laser spectroscopy experiment which will enable us to compare the frequencies of 
the same rovibrational transition of two enantiomers. To this end, we plan to probe a beam of 
cold chiral molecules using a quantum optics technique called Ramsey interferometry. This 
setup will allow us to reach the required sensitivity to observe parity violation in rather 
complex molecules containing about ten atoms. 

Objectives: 
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The PhD student will participate in the development of novel instruments essential for the 
construction of a molecular clock of the highest precision. In particular, he will work on the 
following issues: 
- implementation of a new source of cold chiral molecules, in collaboration with a team from 
Imperial College London. Solid-state molecules of interest will be laser-ablated in a cryogenic 
chamber, precooled by collisions with a buffer gas of He and made into a cold and slow beam 
by allowing them to exit the cell via a small orifice. 
- implementation of new laser sources called quantum cascade lasers (QCLs) and 
development of the instrumentation required to control their frequency at a metrological level. 
This emerging technology will give access to the whole mid-infrared region and will allow us 
to study any molecule showing absorption between 3 and 25 µm. We will reach state-of-the-
art laser frequency stability and accuracy by locking QCLs to a frequency comb stabilized via 
an optical fibre to an ultra-stable near-infrared reference monitored against the atomic clock 
clocks of the French metrology institute in Paris. 
- implementation of a novel high-sensitivity detector for cold molecules which measures 
populations of individual molecular rovibrational quantum state by driving rotational 
transitions in the microwave domain. 
These instruments will be used to carry out precision spectroscopic measurements on chiral 
and achiral complexes. The construction of these new devices is essential for making the first 
observation of parity violation in chiral molecules. It also develops generic technology 
necessary for bringing polyatomic molecules within reach of precision measurement 
experiments, opening a variety of possibilities for the future, beyond tests of the parity 
symmetry. 

This project has recently received substantial funding (200 000 €) for the next four years 
(2015-2018). 

The candidate will be in charge of a mostly experimental project. A Good knowledge of basic 
physics is required. Good expertise in experimental physics (in particular in experimental 
optics) and/or in programming and simulation would be welcome. But most important are 
curiosity and creativity. The PhD student will be supervised by researchers and professors 
working on the experimental setup. 

Keywords: 
molecular physics, quantum physics, optics and lasers (CO2 lasers and quantum cascade 
lasers, QCLs), cold molecules, precision spectroscopic measurements, frequency metrology, 
parity violation, chiral molecules, vacuum tecniques, electronics, molecular beams, weak 
signal detection (amplitude and frequency modulation) 

Funding: 
- ½ PhD grant assured by LabEx FIRST-TF (http://first-tf.com/index.php?lang=en) 
- ½ PhD grant quasi-assured by the local doctoral training centre (école doctorale Galilée) if a 
candidate is found 
- if wished, teaching activities are possible 
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