Shapes of molecular lines from first principles (pr oposal for constructing line-
shape databases from ab initio calculations)
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A proper treatment of non-Voigt line-shape effetdscrucial to reliably interpret and reconstruct
accurate molecular spectra as well as to reduceytfiematic errors in atmospheric measurementseoEarth
and other planets. This fact has stimulated devedop of a new structure of modern spectroscopiatieses [1-
3] and incorporation of an extensive set of new#ape parameters [4]. It turned out, howevet,tti@most
challenging issue is to determine the values ade¢hgarameters for a wide range of pressures anktaires
covering all the bands and branches. Currentlyt afsavailable experimental data is relatively sgaand even
if the experimental data can be reliably fitted aegdroduced with the non-Voigt line-shape modehthigeir
extrapolations to other transitions and other tletynamic conditions would result in very large esr¢4].
Following [5, 6] we present our proposal for overing this difficulty by performing a set @b initio line-
shape calculations. We calculate from first pritespthe phase-/state-changing contribution by duintum-
scattering calculations [7-9] and velocity-changimme from the Boltzmann collisional operator basadthe
billiard-ball approximation [10, 11]. After validah with experimental spectra for several particliaes we
will be able to generate a complete dataseatfinitio line-shape parameters for a given molecular system
Finally, they will be projected [4] on a simple wtture of the quadratic correlated speed-dependerd
collision profile [12, 13] also called the Hartmahran profile [14], hence making them ready to beluded
into the new structure [1, 2] of the HITRAN datab§$5].

To validate our concept, we chose ppérturbed by helium which, on one hand, is thepsst possible
system for such studies while, on the other hani, rielevant for the studies of the atmospheregasf giants
and hence required to be stored in the spectraldatabases. Our preliminary results for pure imtat and
fundamental bands demonstrate that aiiinitio approach not only well reproduces experimentattspebut
can also be used to validate the potential enengiaces available in the literature [8]. In the netep we will
repeat these calculations for higher Wbrations with an extended version of the redsghly accurate PES
[16]. A positive validation of our calculations Wipen a way for generating the first complakeinitio dataset
of the line-shape parameters for a particular moscsystem. In a long-term perspective we wowd to focus
on the CO-N system, which is not only relevant for the invgations of Earth's atmosphere but can also be a
feasible objective adib initio studies.
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