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When a high-power (TW) intense laser pulse is guided through a plasma channel, a wakefield in the plasma is created,
which accelerates injected electron bunches to energies of several hundreds MeV.

For easier synchronization of the injection of an electron bunch and the wakefield created by a high power laser pulse, a
low density plasma channel is rather attractive. However at lower pressures the matched spot size is relatively large. The
matched spot size is that particular laser spot size, which can be guided through the plasma channel without diverging. A
large matched spot size means that only large focused laser spot sizes can be guided properly. This results in a lower
energy density in the spot and therefore a weaker wakefield is created, which in turn results in a smaller energy gain for the
accelerated electrons'.

Plasmas with densities in the range 102 — 10** m™ have been created by using low-current (300-800 A) capillary
discharges® in hydrogen filled alumina capillaries of 0.15-0.25 mm radius.

The plasma produced in such a discharge has a lifetime of about a microsecond. During the discharge a hollow electron
density profile appears for a few hundred nanoseconds, after which a bulbed electron density profile appears. In the case
that the minimum electron density is situated on the axis of the capillary, the plasma is suitable as a waveguide for laser
light.

The matched spot size is determined by interferometry measurements. From the curvature of the fringes in the interference
pattern, the radial electron density distribution is determined and thus the matched spot size. This is done at different times
during and after the current pulse. The results show that the matched spot size is only slightly dependent on the pressure.
However at higher pressures a suitable matched spot size is maintained for a longer time. A larger discharge current
(voltage) or a smaller capillary radius appears to be of much more significance for getting a smaller matched spot size than
a larger pressure.
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