
Double-to-single photoionization ratio as a function of excess
energy (black circles: this work, open squares: [1]).The red
diamonds (connected by a dotted line) are calculated values from
Kheifets and Bray [3]. The solid line is the scaled ratio of He [4]
in excess-energy units ∆E, with ∆E being the energy difference
between the double- and single-ionization thresholds. The green
crosses are the scaled ratios of Li [5] also in units of ∆E. The
blue dotted line (partly overlapping with the solid line) is a fit to
our data using a universal shape function [6].
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In a nutshell:
At the Synchrotron Radiation Center (SRC) we have measured the double-to-single photoionization ratio of beryllium (1s2

2s2) between 28 and 40eV and determined the relative single and double photoionization cross sections. In this energy
region only simultaneous but not sequential emission of both 2s electrons can take place. We also compare our data with
recent theoretical calculations and find good agreement with our data. The previously found scaling law for the double-to-
single photoionization ratio is confirmed with high accuracy. Close to threshold the  photon-energy dependence of the
double-photoionization cross section can be described by the Wannier power law [12] up to 1.7 eV. However, we
unexpectedly find oscillations in the cross section, which are in excellent agreement with a modulated threshold law based
on the Coulomb-dipole theory [14,15].

Double-to-total photoionization ratio (left scale) (blue circles) and
previous measurements [1] (open squares) compared to the total
cross section (right scale of electron impact ionization of Be+ [2]
(green triangles). The red diamonds connected by a dashed line
are the calculated double-to-total photoionization ratios of
Kheifets and Bray [3].

Relative single-photoionization cross section compared to
theoretical calculations; green dotted line: R-matrix calculation
[7]; blue dotted-dashed line: RRPA [8]; light-blue dashed line:
MCRRPA [8]; black curve with dots: HRM-SOW [9]; thick solid
line: Hartree-Fock-Slater calculation [10]; thin solid line: CCC
calculation [3]; yellow diamonds: previous measurement [1]. Our
data points (open and filled circles) were derived by different
methods and scaled to the curve of Yeh&Lindau [10].

Relative double-photoionization cross section (filled circles).
Previous measurement [1] (open squares); CCC calculations [3]
(red open diamonds); TDCC calculations [11] (filled diamond);
HRM-SOW calculations [9] in L, V, and A gauges (triangles). The
blue solid line is a fit to our data using a universal shape function
[6].

Double-photoionization cross section near threshold. The black
solid line is a fit according to Wannier�s power law [12] σ = σo

(hν-Eo)
α ; α=1.056 fixed: gray line. The red dashed line is a fit

curve according to the fourth-order Wannier theory [13]. The
vertical dotted line indicates the approximate range of validity of
the Wannier power law.

The Wannier exponent [12] α as a function of the upper limit of the
fit range using fixed parameters except for α. The horizontal line
indicates the theoretical value for α.

Cross section difference between our data and the fourth-order
Wannier curve (points with error bars). The gray fit curve corresponds
to the modulation term of the Coulomb-Dipole theory [14]: ∆σ = C
Eexc

5/4 sin[D ln(Eexc)
2 + µ] + σa . The dotted line is a similar fit but

using an exponent of 1/4 instead of 5/4.

The double-photoionization cross section (points with error bars) and a
fit curve according to the Coulomb-Dipole theory σ = Eexc (1+C Eexc

1/4

sin[D ln(Eexc)
2 + µ]). The upper panel shows the deviation of the data

points from the fit curve. For more information on the Coulomb-
Dipole theory, see Ref. [15]. Please see also poster D1.071.
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