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To date the only cross section measurements made on atomic ions originate
from the joint programme between Newcastle University and Daresbury
Laboratory a few years ago. Yet from the theoretical viewpoint, and for an
understanding of loss and confinement processes in, for example, fusion
reactors, they are in great demand. The problem lies in obtaining a well
quantified atomic ion beam, of sufficient density that the photon flux will
allow reliable measurements to be made. For calcium, strontium, barium,
zinc, gallium and potassium ions this was achieved at the Daresbury SRS
using a merged beam technique, where a well collimated light beam was
merged over a length of about 10cms with the ion beam as shown on figure 1.

Figure 1 (For an explanation of the symbols, see Lyon et al[1])
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Figure 2, taken from Lyon et al[1] where
the experimental procedure is also
described, shows the precision obtainable
for Ba+ in the region of the 5p - 5d
resonance. Absolute cross sections with an
accuracy of ~±12% were obtained, where
all the absorbed photon energy resulted in
the production of the doubly charged ion.
The technique could measure cross
sections down to ~1O'17 cm2, assuming an
incident photon flux of 1012 photons/sec,
and this limitation prevented useful
quantitative measurements being made on
other singly charged ions.
With only minor adaptation, this equipment
could be used to detect higher charge

Figure 2 Total cross section of Ba+ in the region of the 5p - 5d resonance
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states resulting from the ionisation of singly charged ions, with the interest
now moving to ionisation of deeper inner shells and core levels. A
particularly interesting case is magnesium, an important element in stellar
atmospheres and tractable theoretically. However, this means partitioning of
the cross section since higher multiply charged states are accessible, with
consequent lower count rates in any one channel. For this reason a photon
fiux in the region of 1OU photons/sec is required in the grazing incidence
region of the spectrum; the monochromator output must be substantially free
from higher orders and stray tight, and this implies low efficiency. This is
beyond the capability of today's conventional storage rings and will have to
await the very high intensities available from a sourca such as the APS.

The current programme in Atomic and Molecular Science is focussed on
photaionisation of atoms and small molecules. On the atomic side,
experiments on the double ionisation of helium were completed recently{2],
verifying the Wannier threshold law for double photoionisation. Also, the
angular distribution of the electrons has just been measured, and thesa
results show a marked divergence from theoretical expectations. Other
experiments include fluorescence polarisation measurements for the atomic
ions calcium and strontium, which, when combined with photoelectron
angular distribution measurements, form the complete photoionisation
experiment. A sizeable part of our programme is devoted to studying
molecular fragmentation. The triple cotncidence technique, in which the two
fragment ions are detected in coincidence with the photoelectron after the
parent molecule has been doubly ionised, was developed at DaresburyjB], and
experiments in this area continue with the addition of fluorescence
measurements.

Photoelectron spectroscopy continues to be used as a basic technique;
prominent among experiments in this area is the joint NIST/ANL/DL project,
using a high resolution angle rssoiving system shown on figure 3.

This system, designed
and built in the USA, has
been fitted to the high
resolution 5-metre
normal incidence
monochromator at the
DaresburySRSand
produced precision,
bench-mark
measurements on a
number of small
molecules.

Figure 3
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Figure 4 shows the angular distribution parameter for the v=1 vibrational
member of the N,+ X state, in the region of complex autoionising structure.
The assignments shown are derived from earlier experimental work and may
have to be changed as a result of these measurements and recent theoretical
calculations; full details are contained in West et al[4].
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Precision
measurements have
also been made on the
molecules CO2 and H2-
The data for CO2 are
being analysed
assuming three
vibrational modes are
present: symmetric
stretch,

antisymmetric stretch
and bending, and the
data set for this
molecule covers the
ionisation region from

Figure 4 The angular distribution parameter for the v=1 member of the
ground state of N2+.
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the X-state threshold to beyond the
B-state ionisation potential on a
photon energy mesh of 2meV. Figure
5 shows a comparison between
resonant and non resonant
behaviour, where the photoelectron
spectra indicate the presence of
higher vibrational modes for the
resonant case.
In the case of the H2 experiment,
angular distribution measurements
were made in regions where
vibrational autoionisation takes
place, close to the thresholds of
the rotationally split Hj"1"
vibrational continua. By this means
rotational information can be
obtained, without the requirement

Figure 5 "On" and "off" resonance CO2 photoelectron spectra.

for rotational resolution in the electron spectrometer. There have long been
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theoretical predictions for this effect, and confirmation has had to wait
until now for an experiment with sufficient precision.

Looking to the future, the atomic and molecular science programme at
Daresbury will move closer to applied science areas, with metal clusters and
transient species becoming more prominent. Much of this work wiil require a
source with two to three orders of magnitude advantage in photon intensity
over the SRS, and a design study is presently under way for a VUV/Soft X-ray
source to meet these requirements.
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