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ABSTRACT

The subject of this dissertation is a comprehensive study of the interplay

between molecular collisions and spectroscopy. In particular, the dissertation

provides key reference data, such as rate coefficients, collisional line-shape

parameters, and the positions and intensities of hyperfine components of rovi-

brational transitions for various diatomic molecules. The work is firmly groun-

ded in quantum theory: the reference data are determined using rigorous qu-

antum scattering calculations performed on state-of-the-art potential energy

surfaces. The results are discussed in the context of applications in astro-

physics, terrestrial atmosphere research, and high-precision spectroscopy of

molecular hydrogen.

In addition to providing practical reference data, this dissertation addres-

ses fundamental challenges at the intersection of quantum scattering and

line-shape theory. In particular, we investigate how subtle collisional effects

manifest in astrophysical observations, we explore the role of the accuracy

of potential energy surfaces in providing accurate reference data for remote

sensing applications, and we demonstrate the feasibility of performing large-

scale ab initio calculations for populating spectroscopic databases. Finally, we

explore how hyperfine interactions and external magnetic fields affect preci-

sion measurements of molecular hydrogen, and we propose novel methods to

push the experimental accuracy further, allowing for more stringent tests of

quantum theory through spectroscopy of the simplest neutral diatomic mole-

cule.

i


	Publications constituting the dissertation
	Introduction
	Part I. Astrophysics: Interstellar Medium and Planetary Atmospheres
	Part II. Terrestrial Atmospheric Studies: Toward ab initio Spectroscopic Databases
	Part III. Spectroscopy of Simple Molecules for Fundamental Studies

	Author Contribution Statement
	Publications
	Article A
	Article B
	Article C
	Article D
	Article E
	Article F
	Article G
	Article H
	Article I
	Article J
	Article K
	Article L

	Conclusions
	Co-Author contribution statements
	Cerullo Giulio
	Ciuryło Roman
	Cybulski Hubert
	Gancewski Maciej
	Gatti Davide
	Gordon Iouli
	Gotti Riccardo
	Grabowski Antoni
	Tan Yan and Wang Jin
	Jankowski Piotr
	Kassi Samir and Camparge Alain
	Lamperti Marco
	Lique Francois
	Lisak Daniel
	Marangoni Marco
	Patkowski Konrad
	Polli Dario
	Ronchetti Daniele
	Rutkowski Lucile
	Słowiński Michał
	Stankiewicz Kamil
	Stolarczyk Nikodem
	Szalewicz Krzysztof
	Thibault Franck
	Tscherbul Timur
	Viel Alexandra
	Wcisło Piotr
	Wójtewicz Szymon
	Zaborowski Mikołaj

	All published articles
	Notation
	Appendix
	A. Quantum scattering calculations of collisional rate coefficients
	B. Ab initio description of the spectral line shape
	C. The role of quantum indistinguishability in spectral line shape theory
	D. Pressure broadening and shift coefficients for hyperfine components of rovibrational transitions

	Bibliography



