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Summary

Laser and synchrotron spectroscopic studies of molecular hydrogen

This thesis represents a systematic experimental study of several electronic
states of the hydrogen molecule with the aim of testing a number of current
molecular theories. In chapters 1 - 3 a study of the ground X1!+

g state is de-
tailed. One photon transitions within the ground state manifold are extremely
weak and limited to low rotational levels, therefore we make use of an indirect
method: The EF 1!+

g - X
1!+

g electronic transitions. By measuring transitions
and taking combination di"erences between states probing the same upper
level but emanating from di"erent ground state levels, it is possible to deter-
mine ground state rotational and vibrational splittings. High rotational states
in the ground state manifold are populated by a photo-chemical reaction with
HBr. This serves to produce a non-thermal ground state distribution of “hot”
H2 molecules with rotational levels up to J=19 populated. Alternatively, a dis-
charge source is employed which e#ciently induces vibrations in the molecule.
In view of its isolation from the nearest excited state, the ground electronic
state is relatively unperturbed which makes it possible to perform highly ac-
curate calculations on its level structure. The high precision measurements in
chapters 1 and 3 test the latest ground state calculations, including QED and
relativistic e"ects, below the 30 MHz level.
For further precision measurements on the ground state using the indirect
method described above, a greater understanding of the level structure of the
EF 1!+

g state is required. This is the aim of chapter 2 where a low resolution
study of the EF ! X intervals is performed. Again, starting with a non-
thermal ground state population, over 100 transitions in the EF !X system
were probed. The highly perturbed structure of this state is due to the double
well shape of the Born-Oppenheimer potential. As such it was not possible to
confirm the assignments of the level structure experimentally and so we rely
on a prediction by multi-channel quantum defect theory (MQDT). It can be
seen from the experimental results that the MQDT predictions are accurate to
"5 cm!1 and constant over a particular band. This is su#ciently accurate to
identify several unassigned transitions and further add to the knowledge of the
level structure of the EF 1!+

g state. This now serves as a stepping stone towards
high resolution spectroscopic studies on rotational and vibrational levels in the
ground X1!+

g state.
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Summary

The D1$u state is treated in chapters 4-6 for the H2, HD and D2 molecules. It
represents the bench mark state for understanding predissociation. An inter-
action with a closely coupled continuum causes the predissociation and gives
rise to broadened Beutler-Fano line profiles. Absorption spectra were recorded
using the unique vacuum ultraviolet (VUV) Fourier transform spectrometer
(FTS) at the DESIRS beam-line of the synchrotron SOLEIL in Paris. The
vibrational bands of the D1$u cover the range from 110 000 - 135 000 cm!1.
In light of this, broadband synchrotron radiation is the ideal light source to
record absorption spectra for the analysis of this state. A model was developed
in order to extract accurate line shape parameters from the FTS absorption
spectra which were in agreement with those retrieved using conventional ex-
perimental techniques. The experimental results were compared to theory with
good agreement all round.
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