HRMS, 28th Colloquium, Dijon, France, Aug. 28 - Sept. 1, 2023

NON-MARKOVIAN AND NON SECULAR COLLISIONAL DYNAMICS IN THE DISSIPATION OF LASER-ALIGNED MOLECULES

M. BOURNAZEL, F. BILLARD, E. HERTZ, O. FAUCHER, Laboratoire Interdisciplinaire CARNOT de Bourgogne Franche-Comté, 21078 Dijon, France; J. MA, J. WU, State Key Laboratory of Precision Spectroscopy, Shanghai 200062; C. BOULET, Institut des Sciences Moléculaires d’Orsay, 91405 Orsay, France; J.-M. HARTMANN, Laboratoire de Météorologie Dynamique, 91120 Palaiseau, France

Studying molecular alignment at very short times enables to measure the influence of some mechanisms that affect the evolution of the open system^1. Here we experimentally, based on molecular dynamics predictions, study the limits of the two widely used secular and Markov approximations. The first one neglects all the exchanges between the quantum coherences that oscillate at different frequencies^2 and the second considers that all collisions are complete in the time interval of observation. To test the limits of both these approximations, we study the influence of the pressure on the decay of the molecular alignment soon after the excitation by a femtosecond laser pulse. Four systems have been chosen, involving all the situations at the investigated time scale : Practically secular and Markovian (HCl diluted in Helium) or non-Markovian (pure HCl), nonsecular and Markovian (CO_2 diluted in Helium) or non-Markovian (pure CO_2)^{3,4}. We show here that, depending the studied system, those approximations lead to important errors on the predicted relaxation at short times, before becoming valid after tens of picoseconds. Those nonsecular and non-Markovian effects might be observed in the future on more complex molecular systems than linear rotors investigated in the present study.

1doi:10.1103/PhysRevLett.122.193401, H. Zhang, B. Lavorel, F. Billard, J.-M. Hartmann, E. Hertz, O. Faucher, J. Ma, J. Wu, E. Gershnabel, Y. Prior, I. Sh. Averbukh, Rotational Echoes as a Tool for Investigating Ultrafast Collisional Dynamics of Molecules, Phys. Rev. Lett. 122, 193401 (2019).

2doi:10.1038/s41467-019-13706-0, J. Ma, H. Zhang, B. Lavorel, F. Billard, E. Hertz, J. Wu, C. Boulet, J.-M. Hartmann, O. Faucher, Observing collisions beyond the secular approximation limit, Nature Commun. 10(1), 5780 (2019).

3doi:10.1103/PhysRevA.107.023115, M. Bournazel, J. Ma, F. Billard, E. Hertz, J. Wu, C. Boulet, J.- M. Hartmann, O. Faucher, Non-Markovian collisional dynamics probed with laser-aligned molecules, Phys. Rev. A 107, 023115 (2023).

4doi:10.1063/5.0150002, M. Bournazel, J. Ma, F. Billard, E. Hertz, J. Wu, C. Boulet, O. Faucher, J.- M. Hartmann, Quantum modeling, beyond secularity, of the collisional dissipation of molecular alignment using the energy-corrected sudden approximation, J. Chem. Phys. 158, 174302 (2023).

p-number: p124 Submitted on Wed, 14 Jun 2023 11:09:58 +0200