Spin-polarised Electron Studies of Free Atoms.

A complete quantum description of a spin polarised scattering process requires the determination of the change of the spin vectors of all interacting particles, before and after a collision. Part of that information for some excitation processes can be acquired by the observation of electron exchange and spin-orbit effects using incident spin-polarised electrons and observation of either the left-right asymmetry and up/down spin asymmetry of the scattered electron or the ‘integral’ polarisation of the photons from decaying excited states.  This information gained by each method is at the cost of either detecting the spin of the scattered electron with a reduced efficiency of about 10-4 or not detecting the electrons, respectively. 

(i)  'integral polarisation' observations.

Helium

These measurements of the Stokes parameters Pi(i = 1, 2, 3) for the 33P state showed behaviour characteristic of spin exchange excitation. Since this state is excited only by exchange, non-zero values of P3 were verified. Both continuum and target spin-orbit coupling effects are negligible for this state and this was confirmed by zero values of P2 since exchange alone cannot give non-zero values of P2. The state was also readily aligned as shown by the relatively large P1 values.
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Neon

There are many advantages of using neon to explore spin-dependent interactions. The 3p manifold for neon is composed of 10 levels, from which transitions [in the jk coupling scheme] may occur within either [3/2] or [1/2] cores, or between cores, from parent J = 0, 1, 2, 3 states, to final states J = 0, 1, 2 as allowed by the selection roles J = 0, ±1 but not J = 0 to J = 0. Its electronic structure showed a large variety of states with transition wavelengths in the visible region and hence ready availability of polarizers which enabled neon to be a wonderful ‘atomic laboratory’ in which the effects of angular momentum transitions were explored.
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(ii) A comparison of some J = 1, 2 and 3 states of neon, krypton and xenon.

These studies explored the effects of increasing spin-orbit interactions, the trend towards jj coupling and the effects of increasing mean radial charge densities on the observed parameters.
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(iii) The ionisation-with-excitation process.

These observations used the electron-photon coincidence technique of the simultaneous ionisation with excitation process in helium atoms for incident electrons. The residual ion was hydrogen-like, i.e. the 22P state of He+ and this allowed a new method for studying electron correlations. All three electrons changed state, i.e. one electron was excited to an empty orbital and two electrons emerged in the continuum. The work identified the photo decay mode of the doubly excited states of the neutral helium atom to the ionic ground state and separated the final 2s and 2p states. A small alignment and orientation of the excited state and strong electron correlation effects were seen from interference with the 3l3l’ doubly excited states decaying via the observed 2p photons.
Phys Rev Lett 77  3098-3101 (1996) Simultaneous ionisation and excitation of the He+ 22P State.  PA Hayes 
and JF Williams
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(iv) Zinc atoms.

The electronic structure and associated scattering dynamics of zinc atoms are suitable for study using spin-polarized electron and photon spectroscopies which have enabled the resolution of numerous excitation and ionization processes near thresholds. Measurements report the effects of alignment and orientation of angular momenta, spin-orbit interactions, electron exchange, post-collision interactions, negative ion resonances, double and triple electron excitations. Recently a geometrical Berry phase was observed in the electron impact exchange excitation from the 11S0M S = 0 to the 33S1MS = 0 state following the “parallel transported” of the electron spin around a closed path. 
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