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Overview of the Project
The electric dipole approximation is often employed to simplify the treatment of molecular spectroscopy. However, due to their symmetry,
homonuclear diatomics such as molecular oxygen (O2), nitrogen (N2) and hydrogen (H2) have zero electric dipole moment. Instead, their
infrared spectra are dominated by higher order transition moments such as the electric quadrupole and magnetic dipole moments.
This project aims to provide high-resolution linelists for higher order transition moments in diatomic molecules by implementing the
electric quadrupole, magnetic dipole, and electric polarisability transition moments in DUO – a general, multistate, variational code for
computing linelists and spectroscopic quantities of diatomic molecules [1].

Why can’t I
see anything?

At present the electric quadrupole and polarisability have been implemented. Below we illustrate a preliminary spectrum for carbon
monoxide (CO) and molecular hydrogen (H2). In the future we hope to provide a hot, high-resolution linelist for molecular oxygen (O 2) –
a key molecule of astrophysical interest, in particular as an exoplanetary biosignature.
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We can generate a quadrupole field
using e.g MOLPRO.
In its irreducible tensor
representation, the quadrupole
moment of the CO molecule has
only one non-zero component,
shown in the graph opposite.
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Now has equivalent
for quadrupole and
polarisability transitions!
The electric quadrupole and electric polarisability moments now have
routines in the DUO program for calculating transition matrix
elements, linestrengths and Einstein coefficients. The implementations
are currently being validated (some refinement is required), and will
soon be available in the stable release version of DUO. Soon the
magnetic dipole moment will also be implemented, completing the
DUO toolkit for higher order transition moments.
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