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Recently, a pulsed photoelectron source has been set up to satisfy the beam
specifications required for atomic collision studies using so-called ”reaction mi-
croscopes”. The gun is in operation and delivers short electron pulses (~ 500 ps)
using GaAs/AlGaAs heterostructure crystals. Illuminating the photocathode with
light from a pulsed laser diode an average electron current of 60 pA has been ob-
tained. A quantum efficiency of 3% and a cathode lifetime of one week have been
achieved.

Planned future atomic collision measurements require a cold beam of transversely
polarized electrons. First design changes have been made to produce short pulses
of monochromatic and spin-polarized electrons in the future.

1 Introduction

Kinematically complete experiments for multiple ionization of atoms and
molecules by electron impact give detailed information about the role of
the electron-electron interaction. In our group great efforts are under-
taken to study these collisions systematically at incident electron energies
(Ep ~ 100eV) near ionization threshold. Furthermore first ionization ex-
periments in the presence of a strong laser field (~ 103 W/cm?)%23 as well
as quantum mechanically complete experiments, like ionization and/or exci-
tation in collisions of spin-polarized electrons with polarized targets, are in
preparation.

All these electron-impact ionization experiments are performed using the
cold-target recoil-ion momentum spectroscopy*?%7. This successful experi-
mental method demands, however, short-pulsed electron beams of high qual-
ity. Optimum conditions require pulse widths of less than 500 ps (for ”laser-
assisted” experiments even as short as ~ 100 ps), a beam diameter of 100 ym
at the target and a pulse-repetition rate of up to 3 MHz.

In the recent past, a pulsed photoelectron source has been developed
and set up®? satisfying the beam specifications required by our ”reaction
microscope” experiments®”.
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2 Experimental Set-up

The experimental set-up of the electron source and details of the preparation
technique of the photocathodes are described elsewhere®. Therefore only a
short description will be given here. A schematic diagram of the set-up is
shown in figure 1. The source consists of a three-chamber UHV system, i.e. a
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Figure 1. Experimental set-up of the pulsed electron source.

load-lock chamber, a photocathode-preparation chamber and a gun chamber.
Both, the preparation and gun chamber are operating at a base pressure in
the 1072 mbar regime, the load-lock chamber at ~ 10~° mbar. This three-
chamber UHV system allows the fast exchange of photocathodes within a few
minutes without breaking the ultra high vacuum of the gun chamber.

The photocathodes are prepared by an oxide-free technique'® and are
transported without exposure to air to the preparation chamber. After a heat-
cleaning procedure the GaAs crystals are activated with cesium and oxygen
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to obtain a negative electron affinity. The activated photocathodes are finally
transferred to the gun chamber.

In the gun chamber the cathode is illuminated in reflection mode with
a pulsed laser diode (up to 3.3mW) operating at a wavelength of 650nm.
An average emission current of 60 A, i.e. a quantum efficiency of 3%, and
a photocathode lifetime of one week have been achieved. Short pulses of
electrons are produced using GaAs/AlGaAs heterostructure crystals with a
thin active GaAs layer. At the layer thickness of 0.9 um the long tail of the
electron pulse, generated by a d-pulse light excitation, extends out to less than
200 ps'!t. Adding the laser diode pulse width of 100 to 300 ps, which depends
on the laser power, a total electron-pulse width of less than 500 ps is expected.

3 Perspectives

Atomic collision experiments using cold electrons as projectiles, as well as
transversely polarized electrons, are planned in the future. Design changes of
the electron gun are already in progress to produce a monochromatic and even
shorter pulsed (~ 100 ps) electron beam. The gun chamber will be replaced by
a new UHV chamber, which recently has been designed. A 90°-electrostatic
deflector for the production of transversely polarized electrons has been built
and will be mounted inside the new chamber together with an electron optics
for the beam transport. The new construction should allow in a further step
even cooling of the photocathodes.

The production of an intense cold electron beam with a high degree of
polarization demands a powerful infrared laser system. We have built a tune-
able Ti:Sapphire laser (670-1070nm) that fits these requirements, delivering
600mW at a pulse width of 100 to 200fs. Using strained GaAs photocath-
odes together with circularly polarized light from this laser system the source
should provide in the future a beam of spin-polarized electrons with a high
degree of polarization (up to 80 %).
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