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

ACCURATE AB INITIO MOLECULAR CALCULATIONS FOR ULTRACOLD PHYSICS EXPERIMENTS

M. TOMZA, Faculty of Physics, University of Warsaw, Poland

Cold and ultracold systems attract researchers’ attention because the world’s quantum nature clearly manifests under such conditions. Research into such systems provides new insight into the quantum theory of matter and matter-light interactions. Ultracold atoms and molecules offer numerous exciting research prospects ranging from quantum-controlled chemical reactions and quantum simulations to precision spectroscopic measurements probing the fundamental laws of nature.

I will present how ab initio molecular electronic structure and multichannel scattering calculations can propose, guide, and explain ultracold quantum physics experiments. I will discuss the capabilities and limits of present methods applied to systems based on alkali-metal and alkaline-earth-metal atoms. I will start with our theoretical predictions of the scattering lengths for ultracold collisions without any adjustment to experimental data, which were possible by including high-level-correlation, relativistic, QED, and adiabatic corrections^1 . I will conclude with our theoretical explanations of quantum resonances measured in ultracold atom-ion^2,^3 and atommolecule^4 collisions, where the quantum regime of cold collisions and their quantum control with an external magnetic field have been recently reached for the first time.

1M. Gronowski, A. M. Koza, M. Tomza, Phys. Rev. A 102, 020801(R) (2020) 2T. Feldker, H. Fürst, H. Hirzler, N. V. Ewald, M. Mazzanti, D. Wiater, M. Tomza, R. Gerritsma, Nature Phys. 16, 413 (2020)

3P. Weckesser, F. Thielemann, D. Wiater, A. Wojciechowska, L. Karpa, K. Jachymski, M. Tomza, T. Walker, T. Schaetz, Nature 600, 429 (2021)

4J. J. Park, H. Son, Y.-K. Lu, T. Karman, M. Gronowski, M. Tomza, A. O. Jamison, W. Ketterle, Phys. Rev. X (2023)

p-number: p236 Submitted on Thu, 22 Jun 2023 06:50:31 +0200