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In the field of molecular ion spectroscopy, cold He buffer gas cooling in conjunction with ion
trapping has been used successfully by several groups for many years , following initial
studies with cold argon gas . The rotational and vibrational cooling of molecules leads to a
significantly reduced complexity of laser-induced rovibrational and electronic spectra,
especially for polyatomic ions, enabling a deeper understanding of their structure and
dynamical processes. The method was also applied to anions, OH- being a recent example
in our group. A sophisticated variant of buffer gas cooling of molecular ions has been
recently demonstrated, where the molecular ions are simultaneously translationally cooled
by laser-cooled atomic ions (sympathetic cooling). MgH+ ions, sympathetically cooled by
laser-cooled Ca+ ions, were additionally rotationally cooled by He gas at 4 K, in a cryogenic
trap. A rotational temperature of 7.5 K was reached in approximately 1 s of buffer gas
interaction time.

The study of simple molecular ions, either cations or anions, under the special condition of
them being trapped in a cryogenically cooled linear, radio-frequency quadrupole trap, and
sometime already translationally cooled through Coulomb interaction with atomic ,heavier
ions, can cause the molecular ions to be cooled into their ground rotational state even
though a low density of He atoms, ~10%° cm-3, is present in the trap. Therefore to be able
to then follow ensuing chemical processes in that trap after the initial cooling of the trapped
ions requires to have efficiently achieved that initial cooling step with a variety of possible
buffer gases.

From the computational standpoint, to complete that initial preparation of the trapped
molecular ions requires knowledge of the interaction forces between the trapped ions and
the selected buffer gas atoms, the quantum dynamical treatment of the energy-transfer
processes to yield the relevant inelastic cross sections at the expected energy range in the
traps, and finally the generation of the state-to-state inelastic rate coefficients over the
temperatures of interest. The above set of computational data can then be employed to
model the relaxation kinetics in the traps and the relative efficiencies of the selected buffer
gases as collision partners.

We have undergone an extensive study involving a variety of simple molecular ions of
astrophysical interest which have been considered to operate in cold ion traps with
different types of buffer gases like He, Ne, Ar and Ha..

Detailed results on a variety of System/NG combinations which we have been considering in
recent years will be presented at the Meeting.
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