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APPENDIX

Raman cross-section
For Q-branch diagonal elements [1,2], S and O branch from [3]: � and 
 are the invariants of the polarizability tensor. OnlyΔv = 1
transitions (which are the strongest). For �∥, i.e. parallel polarization of pump and probe:
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For �⟂, i.e. orthogonal polarization of pump and probe [1]:
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from the definition of the Hermann-Wallis-Factors, which account for the branch dependent vibration-rotation interaction, [2]
and the Placzek-Teller-coefficients (after some simple math from [1])
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for each branch.
After some transformations, the equation for the amplitudes of the resonant third order susceptibility ?? reads as follows:
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where � = 
∕� corresponds to AG in CARSFT [4], i.e. the ratio of the anisotropy of the polarizability derivative to the mean
polarizability derivative and � is the mean polarizability derivative � divided by

√

2�c!eM , corresponding to AC1. This was
chosen to be compatible with the definitions in CARSFT’s molecular parameter files [4]. Also: multiply by 1018 to have the same
units as �NR in cars.mol. For these equations, FQ


 = FQ
� = FQ [1].

The angles Φ and Θ denote the angle between pump and probe and the angle of a polarizer in front of the spectrometer.

aq = cos(Φ)cos(Θ)a∥q + sin(Φ)sin(Θ)a
⟂
q (6)
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Hermann-Wallis-Factors
Judging from the list of references in [4], CARSFT originally uses the James-Klemperer-Model [1] for Q-branch HW-Factors and
the Buckingham-Model for O- and S-Branches [3]. In addition to those implemented in CARSFT, other Q-branch HW factors
have been implemented, see equation 8 (taken from [2], primary sources in equations).
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FQ
JK = 1 − 3�J (J + 1) ∕2 James et al. [1]
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For HW factors other than James-Klemperer, S andO branch will still use Buckingham as the others do not provide corrections
for these branches (which are not so significant in ro-vib cars anyway).
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