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Differential cross-sections for the double photoionization of lithium
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Synopsis We apply the convergent close-coupling (CCC) and time-dependent close- coupling (TDCC) methods
to describe energy and angular resolved double photoionization (DPI) of lithium at arbitrary energy sharing. By
doing so, we are able to evaluate the recoil ion momentum distribution of DPI of Li and make a comparison with

recent measurements of Zhu et al. [Phys. Rev. Lett. 103, 103008 (2009)].

The lithium atom is the simplest target, be-
yond He and Hs, for which differential, with re-
spect to the photoelectron energies and angles
(or momenta), characterization of double pho-
tolonization (DPI) is now possible. Zhu et al.
[1] performed differential measurements of DPI
of Li resolved with respect to the sum photoelec-
tron momentum (or, equivalently, the recoil ion
momentum). On the theory side, the convergent
close-coupling (CCC) and time-dependent close-
coupling (TDCC) methods are now capable of
producing fully-resolved triply-differential cross-
sections (TDCS) for Li [2]

In the special case of equal energy sharing
condition, the TDCS in lithium can be conve-
niently parametrized by a pair of symmetrized
DPI amplitudes in the singlet and triplet chan-
nels. The partial contribution of these ampli-
tudes varies with the fixed escape angle relative
to the polarization axis of light. The angular
spread of the amplitudes relative to the back-to-
back emission indicates the strength of the an-
gular correlation in the two-electron continuum.
This strength depends noticeably on the spin of
the photoelectron pair [3].

In the general case of arbitrary energy shar-
ing, the number of symmetrized DPI amplitudes
should be doubled. To describe the experimen-
tal recoil ion momentum distribution [1], a com-
plete set of TDCS should be integrated across
various energy sharings and mutual photoelec-
tron angles. This distribution is given by the
following differential cross-section:

d?o 1 dog
— = % Y511 4 BePy(cos
dpdy, ~ ix 2= dp [ + Bs Pa(cos p)}

where the asymmetry parameter 3 and the sin-
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cross-section (SDCS) are expressed via the an-
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S = 0 and triplet S = 1 channels. Simi-
larly, one can obtain the double differential cross-
section (DDCS) d%c/dp, dp. and compare it di-
rectly with experiment (see Fig. 1).
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Figure 1. The DDCS d?¢/dp, dp. of DPI of Li

at the photon energy of w = 85 eV. Top: theory
[2], bottom: experiment [1]. The dashed circle on
each panel indicates the maximum available recoil
momentum ppax = 0.77 a.u.
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