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Post: Master Internship in Ultra-precise Mid-Infrared Molecular Spectroscopy
Location: Laboratoire de Physique des Lasers, CNRS-Université Sorbonne Paris Nord Villetaneuse, France
Team: Metrology, Molecules and Fundamental Tests

Supervisors: Dr Mathieu Manceau (mathieu.manceau@univ-paris13.1r)
Dr Benoit Darquié (benoit.darquie@univ-paris13.1r)
Contract: 4-6 months, starting in spring 2025

Looking for potential variations of the proton-to-electron mass ratio and other tests of fundamental physics
via precision measurements with molecules

Internship Description:

The master student will participate in cutting-edge experiments aimed at ultra-precise measurements of rovibrational
molecular transitions and dedicated to measuring/constraining the potential time variation of the proton-to-electron
mass ratio (u), a fundamental constant of the standard model (SM). Such variations, if detected, would be a signature
of physics beyond the SM, providing insights into the nature of dark matter and dark energy. The idea here is to
compare molecular spectra of cosmic objects with corresponding laboratory data. The experimental setup is based
on quantum cascade lasers (QCLs) locked to optical frequency combs, with traceability to primary frequency
standards, a breakthrough technology developed at Laboratoire de Physique des Lasers (LPL), allowing
unprecedented spectroscopic precision in the mid-infrared range.

This internship will focus on measuring mid-infrared molecular transitions of methanol (CH30H), a molecule
known for its enhanced sensitivity to changes in p. The student will set up and stabilize a new QCL in a spectral
region hosting particularly relevant transitions. The work will involve achieving sub-Doppler spectroscopic
resolution to reach target laboratory frequency accuracies of ~100 Hz needed for comparisons with astronomical
observations. This activity is part of the ANR Ultipos project, a collaborative effort which seeks to refine current
constraints on the possible variation of p which involves leading research institutions, including Laboratoire Kastler
Brossel (LKB, L. Hilico) and MONARIS (C. Janssen) at Sorbonne Université. The three partners of the Ultipos
consortium will collaborate to conduct measurements in methanol and other species such as ammonia (NH3) in
different spectral windows, to identify transitions as targets for future Earth/space comparison campaigns, which
could further tighten constraints on variations of p. Other collaborators, such as Vrije Universiteit Amsterdam and
Onsala Space Observatory, will provide theoretical and observational/astronomical support to complement the
experimental efforts.

The proposed laser technology is also crucial for the ongoing development at LPL of a new-generation molecular
clock specifically designed for precision vibrational spectroscopy of cold polyatomic molecules. The student may
therefore be involved in first precise spectroscopic measurements on cold molecules produced at ~1 K in a novel
cold molecule apparatus. Combining frequency metrology and cold molecule research as the potential to bring even
more stringent constraints on a drifting-p1, and opens possibilities for using polyatomic molecules to perform other
fundamental tests, including the measurement of the energy difference between enantiomers of a chiral molecule, a
signature of parity (left-right symmetry) violation, and a sensitive probe of dark matter.

Keywords: fundamental constants, standard model, precision measurements, ultra-high-resolution spectroscopy,
frequency metrology, quantum cascade lasers, frequency comb lasers, cold molecules, molecular physics, quantum
physics, astrophysics, optics & lasers, vacuum, electronics, programming & simulation

Relevant publications from the team: Tran et a/, APL Photonics 9, 3, (2024); Fiechter et a/, J Phys Chem Lett 13,
42 (2022); Santagata et al, Optica 6, 411 (2019); Cournol et al, Quantum Electron. 49, 288 (2019), arXiv:1912.06054;
Tokunaga et al, New J. Phys. 19, 053006 (2017); Argence et al, Nature Photon. 9, 456 (2015), arXiv:1412.2207.

Requirements: The applicant should be doing its master studies in a relevant area of experimental physics or
chemical physics: atomic, molecular and optical physics, spectroscopy, lasers, quantum optics. Interested applicants
should email a CV, a brief description of research interests and the contact details of 2 referents to M. Manceau
(mathieu.manceau(@univ-paris13.fr) and/or B. Darquié (benoit.darquie@univ-paris13.fr).

Funding is already secured for a potential PhD following the internship.

www-Ipl.univ-paris13.fr


http://www-lpl.univ-paris13.fr/UK/
http://www-lpl.univ-paris13.fr/UK/EQUIPE-MMT-PRESENTATION.awp
http://www-lpl.univ-paris13.fr/UK/EQUIPE-MMT-PRESENTATION.awp
mailto:mathieu.manceau@univ-paris13.fr
mailto:benoit.darquie@univ-paris13.fr
https://watermark.silverchair.com/030801_1_5.0170227.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAABw0wggcJBgkqhkiG9w0BBwagggb6MIIG9gIBADCCBu8GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMhHSImSYGnVtekyGBAgEQgIIGwJQm8EFkWhLlvNDlyrp-5kbbTQO0sWhpkoUH-gfibcDT7I_4URfqSRoo4R9ypbWOhlNZbSEBw26sIuSJ6trT4B7G2efDeNP_Kb7pjmtyBFUesfIBZRNUVfNevgdKcgHwhZ28Hgrbq5GybdBoC8R5HON4EZBq642tfZ6hNYfJK1rm59v7WVu6JlPLgDR-y_LkF6CElWlczDsx--lANdpB8EWVXZ0aKiCtHjszvKecexOtquSBLxyyZO2G_1HouDxSI55bnk3E6kMcVYyj5kXoBf798P699dIi8htnU56z0pXJztEJdtMLf_0_LEjwpMcdRQ2C1rR75eK5fF6pgbJtupNuDpNvb-1K_5iwjcypfC3MwcodUkJ_Dk7EG8xSTSMf3MJ-v3RNziAj-LsF2CcpTCWQBL7wwz3upmnByWPzJTALW6GpkA_PbLDUbpeFgnDRUilcJp-AHDIn-MkJBt4xQldy6kLDY5BwRFk4cHbeTN_WdcLnaVj2flkjLOrJx0zxlNGwkXPs3fubN7F93avYUkBFtYyqU6WKJx18WFIlL0aCvS4OMnzD3UJ1bcB0xORETdosptlhDPFxAjpBGJRxlRlP7ijykCi-Eilw4rxSk6g7_TzPvljb_01Zl2ZX7CeJN-GAaIHmlw28k488elnfG2qr2NIkMvJ-awhZk9MEHGj7buuHXLEJQeX7JrQoGM_sTuFYMAV2Tdcf6SqAlgK2dLAWruP_OhSPItl3RijiKeTlA2jjGeaD0NQlzXeWNTujDfiG854SineMJDE90AmR5Bh8GgMCRNz0kZgkh2D0AQweagoLZ32MiOLEfGVWpAOTFkSFWiVwF-_mQfoTBptAyn49GiI3ZxnZKUTO4dJxfhNj5H0TcSQX4n67vSJPJi4Sc6tfWyUTQLtaNZs7ZyFjAfxgIiderY5QUtcmhBNtD9F6keOMibbZiskezRF0iZOWjr-VNCd3EZWYXxtG7DlcVCxS2_cvVM1Hgk6-6Ly6owFpL6zqitWZERLzBG5HXLMEzKsVa7hzvcTjYALCR22ncKiERwZam9C3nmRzM9EbuDpDCArP6ui5D1LIYJoYC7NY3_KAS6KGDLKc3_DNzhUJGAEjjoFMLM5eLOhusxn6Vp6QOpjhOFxleH5fzII8fdzQxek6dZ5Vuf5pZ3ArE2Rmgp9IJNCxGcMA7RsO4Cb_Hw40PyGJJmqHkm_Jg0fxY8Pzm61NBIeCv4DDSoVU97441AT0i_v-qeM_vnW0Qy8c8jueYwtXaAoxdIwUivaj4V8c50KiE_N1XkZmf7owuP68DFwX_1DE-El8c9Rm7pK5s_5zqD-EFcvs0Ecd6jP_ThVX2NChu49JWVGd-0mtTfdgE3apI7DX0jOInm_sS5itMfCGm8U33tqxxr9F7YX7hUrl8eNMjKbPoC5L6v18boocy3PKH3NtrwwXB5Rw0LeYgIgYpOZ1j4h_EW7oagWBxqws-fIFQPqs3ZzhBYWyEO9UNUS-5Q1jDufQkk-Jzgu87o-SpJ_fWd9oK06aV0lLnEbyKqJJ3XfH7lf_FvKKSIHD0gk6lRqCIH-qu4YzkO0f4pZI8YXZrgeEnBSi1V97yoajHNqnNg2QeZsp3WpQ_7A8yXr0rd2Yv5am0pmfjAQBZ_mSPi1fzZxFAG8OOMMFzMvDs-kbXd-gW_2Hn09N5WW351mJ6xooao_cMor_wX6exjfA3nSupz7wPOTVC2XGMfh12llHJJSjIdMtWah8jyeyj2ryIswETKCsixmgGhdnfQjg-rDEIXE11naPsoDYWIU_6_l1is244AZiuzY58AyxxbDfs1PnlukJQJtKJDFu8V22Aph73yXSJWMQbyuwVDFVBjkfXRSOd
https://pubs.acs.org/doi/full/10.1021/acs.jpclett.2c02434
https://pubs.acs.org/doi/full/10.1021/acs.jpclett.2c02434
https://doi.org/10.1364/OPTICA.6.000411
https://doi.org/10.48550/arXiv.1912.06054
http://doi.org/10.1088/1367-2630/aa6de4
https://arxiv.org/abs/1412.2207
mailto:mathieu.manceau@univ-paris13.fr
mailto:benoit.darquie@univ-paris13.fr

