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

SPECTRAL LINE SHAPE COLLAPSE TO LORENTZ PROFILE UNDER FREQUENT VELOCITY-CHANGING COLLISIONS

N. STOLARCZYK, P. WCISŁO, R. CIURYŁO, Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University in Toruń, ul. Grudzia̧dzka 5, 87-100 Toruń, Poland

The collapse of spectral line shapes involving speed dependence of collisional width and shift to Lorentz profile under frequent velocity-changing collisions was recognized^{1 ,2} in the past. Phenomenological expression for Lorentzian width of the collapsed profile in the case of velocity-changing collisions described by hard collision model^3 and speed dependence of collisional shift given by quadratic function^4 was proposed, verified numerically, and applied for interpretation of experimental data^{5,6}. This finding was supported then by analytical derivation^7. It was shown that while the effective width increases with speed dependence of collisional shift, it is reduced by speed dependence of collisional width. On the other hand, the effective shift is modified by the thermal average of speed dependence of the product of collisional width and shift.

Recently we went beyond hard collision approximation. For a quadratic speed dependence of collisional broadening and shift, and the billiard ball model of velocitychanging collisions, we provide simple analytical expressions for the effective Lorentzian width and shift^8. We show that the effective Lorentzian width and shift split into components originating from the: well-known Dicke-narrowed Doppler width, speed-averaged collisional broadening and shift, their speed dependencies, and a product term that mixes the contributions of the broadening and shift speed dependencies. We show how the components depend on rates of speed-changing and velocity-changing collisions related to the perturber/absorber mass ratio. Analytical formulas were numerically validated on an example of H_2 transition perturbed by He.

1doi:10.1139/cjp-79-10-1209, D. A. Shapiro, R. Ciuryło, R. Jaworski, A. D. May, Can. J. Phys., 79, 1209, (2001).

2doi:10.1103/PhysRevA.65.012502, R. Ciuryło, D. A. Shapiro, J. R. Drummond, A. D. May, Phys. Rev. A, 65, 012502, (2002).

3doi:10.1103/PhysRev.135.A4, M. Nelkin and A. Ghatak, Phys. Rev., 135, A4 (1964). 4doi:10.1063/1.468342, F. Rohart, H. Mäder, and H.-W. Nicolaisen, J. Chem. Phys., 101, 6475 (1994)._5

doi:10.1016/j.jqsrt.2016.01.024, P. Wcisło, I.E. Gordon, H. Tran, Y. Tan, S.-M. Hu, A. Campargue, S. Kassi, D. Romanini, C. Hill, R.V. Kochanov and l.S. Rothman, JQSRT, 177, 75-91, (2016).

6doi:10.1002/jrs.5391, R. Z. Martinez, D. Bermejo, F. Thibault, P. Wcisło, J. Raman Spectrosc., 49, 1339, (2018).

7doi:10.1016/j.jqsrt.2022.108246, N. Stolarczyk, P. Wcisło, R. Ciuryło, JQSRT, 287, 108246, (2022)._8

doi:10.48550/arXiv.2305.11885, N. Stolarczyk, P. Wcisło, R. Ciuryło, arXiv, 2305.11885 (2023).

p-number: p112 Submitted on Tue, 13 Jun 2023 21:42:20 +0200