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Calculations of the two-photon ionization of metastable levels of helium and the first three s levels of cesium
are presented. The calculations are carried out to second order in a perturbation expansion and are valid for
low laser intensities. The behavior of the ionization cross section at high photon frequencies w is studied, and
it is found that the N-photon ionization cross section behaves as o™ x w~#¥+12 This analytic asymptotic be-
havior is verified numerically in the case of two-photon ionization.

1. INTRODUCTION

The theory of multiphoton absorption of atoms and
molecules is a rapidly growing area of research activity.
The introduction of stable high-powered lasers to atomic
and molecular spectroscopy in the past two decades and
the observation of novel phenomena such as the above-
threshold structures associated with ionization and disso-
ciation have stimulated a substantial theoretical effort,
much of it using perturbation expansions of the multi-
photon transition matrix elements.'®

Infinite sums in the Nth order of photons involving
products of N dipole matrix elements have been evaluated
by several methods. Although truncation of the infinite
sums has yielded reasonably accurate results near reso-
nance lines, where a small number of discrete terms are
important, it gives incorrect nonresonant values for the
multiphoton matrix elements, primarily because of its ne-
glect of the intermediate continuum. Alternatively, the
infinite summation can be cast in the form of N — 1 inho-
mogeneous differential equations,®® each successive equa-
tion being driven by the response function of the previous
inhomogeneous equation. This method for the evaluation
of perturbation transition matrix elements has been quite
successful in prediction and interpretation of low laser in-
tensity data. Some researchers have also carried out the
infinite sums variationally on an L? discretized basis.>3®

Some nonperturbative ab initio methods have been pro-
posed.”® Numerical time-dependent techniques’™ on
single-electron and multielectron atoms allow for the
explicit introduction of time-dependent laser field ampli-
tudes (pulse shape). Floquet-type expansions of the time-
dependent state function'®2 (based on the periodic nature
of the light-atom interaction potential) have been devel-
oped into reliable nonperturbative methods for the study
of high-order ionization and harmonic generation by
medium-intensity lasers. In most of these calculations,
the atom-laser interaction is treated semiclassically.

In this paper we report a calculation of two-photon exci-
tation and ionization cross-sections of the Rydberg helium
and cesium metastable levels within the framework of
second-order perturbation theory.!® Similar calculations
were performed on these atoms.’*™® Our intent is to in-
vestigate the form of the ionization cross-sections at high
photon frequencies, to present highly accurate nu-
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merical results for the two-photon ionization of the atoms,
and to clarify some ambiguities that exist in the literature
regarding the choice of boundary conditions on the Green’s
function. In Section 2 the problem is discussed and a
simple analytic representation of the variation of the jon-
ization cross-section with energy is derived. In Section 3
the numerical technique is presented, and in Section 4 the
results are given. Comparisons are made with experi-
mental and other theoretical results. The asymptotic be-
havior of the ionization cross section at high photon
frequencies is verified by comparison with numerical cal-
culations. For the photoabsorption of cesium we discuss
the implications of core polarization by the valence elec-
tron and show the modified results. In Section 5 we dis-
cuss our results.

2. THEORY

A. Two-Photon Cross Section

If we denote the initial energy of the atom as E,, the ex-
pression for the differential two-photon ionization cross
section is™

do®
do
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where the final energy of the photoelectron is Ey, = E, +
2w, ky = (2E,)"?, and M? is the amplitude for a two-photon
transition in the second order of time-dependent pertur-
bation theory:

MP = (f'& . rG(H(El)& . r|i>. (2)

In Eq. (2), {t|i) = Ru(")Yin(f is the wave function for the
initial state and
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is the outgoing wave function for the final state, where
Rg,r is the energy-normalized continuum radial wave
function, G (E,) is the outgoing Green’s function for the
one-photon intermediate energy E, = Ey + o, and & is the
light polarization vector.
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