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The angular distribution of electrons in multiphoton detachment of H™ by an elliptically-
polarized laser field, F(1) = FRe{eexp[—i(wt — k - r)]}, is analyzed analytically using the
§-model potential for H™. Starting from the general solution [1] of the corresponding complex
quasienergy problem, the properly-normalized wavefunction of the quasistationary, quasienergy
state (QQES), ®.(r,t), is presented in terms of a free-electron Green’s function in a laser field
and the Fourier-coeflicients, f,, of ®.(r, 1) at the origin (r — 0). The complex quasienergy ¢
is the eigenvalue of an infinite system of linear algebraic equations for f,. The (complex) nor-
malization parameter is calculated as a sum of one-dimensional integrals of the Bessel function.
The angular distribution of photoelectrons in n-photon detachment, do(™/dQ,, is determined
using the asymptotic form (at r — 00) of the n-th Fourier coefficient of ®.(r,t), where p is the
electron momentum direction.

The perturbative expansions (in the amplitude of the laser field, F') of €, f,, ®, and the
normalization factor are obtained and used for the calculation of do™, which has a simple
analytic form for each n. For n = 2 and 3 the results are obtained in the lowest-order of
perturbation theory (PT). For one-photon detachment, the linear in laser intensity correction to
the angular distribution is calculated. This latter correction involves contributions originating
both from expansions of € and the normalization factor as well as from the interference between
first-order and third-order amplitudes. All these contributions have comparable magnitudes.
The third-order amplitude describes the stimulated re-emission (re-scattering) of a photon by
the detached electron. The final results for the differential cross sections are:
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where o), w, and I are in scaled units: &2, |Ey|/h and 1/2m|F[3/eh, respectively. Here

Ey = —h?k?/2m is the initial bound state energy, [ = e - e is the linear polarization degree of
a laser field F(¢), and a = e*/he.

The most interesting polarization effect in multiphoton processes with an elliptically-polarized

Y ‘(f)-e)z(?)w—l) _ il

laser field is elliptic dichroism (ED), which consists in the dependence of cross sections on the
sign of the circular polarization degree (i. e., on the helicity) of a photon. This effect vanishes
both for linear and circular polarizations of F(¢) and occurs only for the case of an elliptic po-
larization [2]. Eqgs. (1) - (3) demonstrate that in n-photon detachment ED originates formally
from the term
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in expressions for do(™. The parameter ¢ (—1 < & < 41) is the circular polarization degree:
= ik - [e x €*]. The angles o and § are those between the directions of the photoelectron
momentum, p, and the major and minor axes of the laser polarization ellipse. Physically,
in all cases ED is caused by the interference between real and imaginary parts of detachment
amplitudes. For the case n = 1 it arises from the interference between first-order and third-order
(“rescattering”) amplitudes. Obviously the ED effect in this case is small in the perturbative
regime and for its measurement the case of a strong laser field is most appropriate. For n = 2
and 3 the magnitude of the ED term is comparable to those of other contributions to do™ /d()s.

Our result for do® coincides with that obtained by standard PT calculations [3]. ED
vanishes after integrating over the directions of p. For this case, total rates of photodetachment,
o™, coincide with those obtained from the imaginary part of the complex quasienergy e, i. e.,
without using the QQES wavefunction. For the case of linear polarization of F(f), the 3
independent parameters of the angular distribution do(? are in good agreement with those
measured for H™ in a recent experiment [4]. Four independent atomic parameters describe
the angular distributions of two- and three-photon detachment from an initial S-state for an
elliptically-polarized laser field, and one of them is the ED-parameter.
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