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Abstract. New insights into our understanding of the semirelativistic excitation of
atomic hydrogen by electronic impact have been made possible by combining the use
of polarized electron beams and intense laser field. The paper reviews relativistic the-
oretical treatment in laser-assisted electron scattering with particular emphasis upon
spin effects. Different spin configurations for inelastic electron-atom collisions is also
discussed. The role of laser field in such collision is of major importance and reveals
new information on the dynamics of the collision process. The examined modern the-
oretical investigations of such relativistic laser-assisted collisions have shown that the
need for experimental data is of a paramount importance in order to asses the accuracy
of our calculations.
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1 Introduction

The spin is not only an indispensable ingredient in atomic physics but also responsible
for many phenomena observed in solid-state physics. In addition to the uses of polarized
electrons in studies of atomic physics, there have been numerous studies of polarized
electron scattering and polarized electron emission from ferromagnetic solids over the
past decade. In 1975, the purpose of the Spin-Polarized Electron Source was to describe
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how this effect, which had been discovered in spin-polarized photoemission experiments
by Pierce et al. at the ETH-Zurich [1], could be used to provide a compact spin-polarized
electron gun. Later on, an experimental work has been done to produce electron beams in
which the spin has a preferential orientation. They are called polarized electron beams [2]
in analogy to polarized light, in which the field vectors have a preferred orientation. Ex-
tensive theoretical works have been performed by introducing relativistic and spin effects
in the collision between incident particles and atoms [3-6]. There are many reasons for
the interest in polarized electrons. One important reason is that in physical experiments
one endeavors to define as exactly as possible the initial and/or final states of the systems
being considered.

Since the 1960s when lasers became a worldwide-used laboratory equipment and
also large polarization effects in low-energy electron scattering were ascertained, ex-
perimental and theoretical studies of laser-matter interaction have witnessed continuous
progress. By virtue of the increasing progress in the availability of more powerful and
tunable lasers, such processes are nowadays being observed in laboratories [7-10]. Most
experimental and theoretical studies of laser-assisted electron-atom collisions were re-
stricted to the nonrelativistic regime and low-frequency fields, where it has been already
recognized that, as a general consequence of the infrared divergence of QED, large num-
bers of photons can be exchanged between the field and the projectile-target system. An
extension of the first-Born nonrelativistic treatment [11] to the relativistic domain was
formally derived for unpolarized electrons [12]. There have been also theoretical investi-
gations of relativistic scattering in multimode fields [13].

In the present paper we have to extended our previous results [14] to the case of
laser assisted inelastic excitation 1s to 2s of the atomic hydrogen by polarized electrons.
Therefore, we have begun with the most basic results of our work using atomic units
(a.u) in which one has (i = m, =e =1), where m, is the electron mass at rest. We have
used the metric tensor ¢" =diag(1,—1,—1,—1) and the Lorentz scalar product defined
by (a.b) = a’b,. The organization of this paper is as follows: the presentation of the
necessary formalism of this work in Section 2, the result and discussion in Section 3 and
at last a brief conclusion in Section 4.

2 Theory

The transition matrix element corresponding to the laser assisted inelastic excitation of
atomic hydrogen by electronic impact from the initial state i to the final state f is given

by
=i [y, (1) (02) Vel (1) 22) 9

where V;=1/r12 —Z/r is the interaction potential, r; are the coordinates of the incident
and scattered electron, r, the atomic electron coordinates, 1o = |1 —r2| and 7y = |r;|. Be-
fore we present the most interesting results of our investigation regarding laser-assisted



