Investigating molecular interactions in helium with control:
impulsive alignment in the gas phase versus thermal equilibrium in the bulk
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Synopsis Rotational wavepackets of C2 H2 -He complexes produced in a beam were excited using impulsive laser alignment.
The time dependence of alignment was measured via Coulomb explosion of the C2 H2 molecules. The rotational spectrum of
the complex was obtained by Fourier transformation. In bulk helium fluorescence spectra of helium excimers showed that these
had cooled at a rate of at least 1010 -1011 K/s to the lowest rotational quantum state.

We explore molecular interactions in helium
while seeking novel ways of achieving control over
the molecular rotational states. In the gas phase control of the number of helium atoms in a small cluster
is important. We show that, in addition, impulsive
laser alignment is well suited to provide control of
the population of rotational level. In contrast, in the
bulk phase we achieve molecular control by establishing thermal equilibrium.
We have excited a beam of small C2 H2 -Hen clusters non-resonantly with intense femtosecond laser
radiation and probed the state of alignment of the
C2 H2 molecules as a function of time. Using
this technique it is possible to generate rotational
wavepackets and probe their propagation in the time
domain. A Fourier-transform of the time-spectrum
yielded the complete pure rotational spectrum of
C2 H2 -He in excellent agreement with theory [1]. We
show that the time-dependence of alignment of pure
C2 H2 which is always present in the beam can be
used as a diagnostic tool for the study of molecular
complexes.
In another experiment bulk helium was electronically excited using a corona discharge and the fluorescence spectrum was measured as a function of

temperature and pressure. Intense fluorescence in
the visible region showed the rotationally resolved
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u → b Πg transition of He2 . With increasing
pressure, the rotational lines merged into single features that we attribute to fluorescent emission from
the lowest rotational quantum state, indicating that
these excimers are in thermal equilibrium .
The observed pressure dependence of linewidths,
shapes and lineshifts established that within liquid
helium excimers exist in two different environments:
they are either solvated, and cold, or they are ‘boiling’ within rotationally hot gas pockets. From the
electronic lifetime we can deduce an lower limit of
the rotational cooling time for which we found 1010 1011 K/s [2].
Both experimental methods hold great promise
for the exploration of superfluidity using molecular
probes.
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