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Experimental Set-up

Experiment:

The experiment was performed at the Synchrotron
Radiation Center (SRC) in Stoughton, Wisconsin. In
order to measure the partial ion yields of Li and Be, we
employed an ion time-of-flight (TOF) spectrometer. The
ion TOF was operated in the pulsed extraction mode. A
pulsed electric field across the interaction region
provided a start pulse, while the detection of an ion on a
Z-stack MCP detector provided a stop pulse for the flight-
time measurement. Details of the apparatus can be found
in Wehlitz et al., Rev. Sci. Instrum. 73, 1671 (2002).

In a nutshell:

The double-to-single photoionization ratio and double-
photoionization (DPI) cross section of Li and Be were investigated
in the threshold region where only simultaneous emission of the
two outer-most electrons is possible. While Be is a He-like atom in
so far as it has two s-electrons in the valence shell, its ratio
exhibits a quite different photon energy dependence. However,
using a particular energy scaling, we demonstrate that the shape
of the ratio curve is the same for He, Li, and Be. Moreover, even
less accurate data for H, and Na support this scaling model.

For the region very close to threshold, two ptually different
theories, namely the Wannier theory [G. H. Wannier, Phys. Rev.
90, 817 (1953)] and the Coulomb-Dipole theory [A. Temkin, Phys.
Rev. Lett. 49, 365 (1982)], were developed to describe the near-
threshold DPI cross section. In contrast to Wannier’s power law,
the Coulomb-dipole theory predicts an oscillating but
nevertheless monotonically increasing DPI cross section. Until
recently, the only DPI experiments that tested the Wannier power
law on atoms by measuring ions was performed on He [H.
Kossmann, V. Schmidt, and T. Andersen, Phys. Rev. Lett. 60, 1266
(1988)] and oxygen [Z. X. He, R. Moberg, and J. A. R. Samson,
Phys. Rev. A 52, 4595 (1995)].

Comparison of the double-to-single photoionization ratios
of He, Li, and Be. The ratio for He is still rising at 60
eV, whereas the ratio for Li has already leveled off at 20 eV.

In the figure above we compare the Li double-to-single

photoionization ratio with the one for He.
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1s electron in Li is only screening one Coulomb charge, i.e.,
one regards it as an inert core. However, this approximation
appears not to be valid because the additional 1s electron in
Li manifests itself in an overall lower ratio and a different

energy dependence.

Double-to-single photoionization ratios on an energy scale
in units of for He ( 79.0eV - 24.6eV 18.2eV) , Li
(81.0eV - 64.4eV 16.6eV), Be (27.5eV - 9.3eV 18.2eV), Na
(52.4eV - 38.0eV 14.4eV), and H, (49.9eV - 15.4eV 34.5eV).

is the atom-specific energy difference between the
double- and single-ionization thresholds. The data are
arbitrarily scaled in y-direction. An attempt to ustify this
energy-scaling model is given below using the relation
between photon and electron impact as well as a scaling
model for electron impact ionization.

Shown above are our measured beryllium double-to-single
photoionization ratio compared to a CCC calculation by

Kheifets Bray, and a universal shape function by Pattard.
This functionis 2 ()R ( )2 ( 1) 2 with
1.056, R the asymptotic high-energy ratio, and and ,

as fit parameters. The ratio for He measured by Samson is

shown for comparison.

ummar :

In summary, we have measured the double-to-single
photoionization ratio of Li and Be near threshold. Using a
particular energy scaling, we could demonstrates that
the s a e of the ratio curve is the same for He, Li, and
Be. Close to threshold, we found oscillations in the DPI
cross sections of Li and Be which may indicate the
existence of a dipole potential as proposed by Temkin.
The Coulomb-dipole theory describes the near threshold
DPI cross section fairly well, even better than the
Wannier threshold law.

The Wannier threshold law and the first experiments
confirming this theory.

First we applied the Wannier power law to our Li data
(Wehlitz et al., Phys. Rev. Lett 89, 093002 (2002)). The
resulting fit curve is shown above. A non-statistical
deviation of this fit curve from our data is shown in the
upper panel and suggests an oscillating behavior of
the DPI cross section as predicted by the Coulomb-
dipole theory.

The Coulomb-dipole theory was originally developed
for electron-impact ionization but was recently
extended to the case of double photoionization. First
hints of oscillations had been observed for
photodetachment by Donahue et al, PRL 48, 1538
(1982) and Bae Petersen, PRA 37, 3254 (1988).

Then we applied the Coulomb-dipole theory to our Li
data and achieved a much better fit with 2 decreasing
from 81.8 to 26.3 (Wehlitz et al., Phys. Rev. Lett 89,
093002 (2002)).

As in the case of Li, we obtained a better fit to our Be
data by using the formula of the Coulomb-dipole (CD)
theory (Lukic et al., Phys. Rev. Lett. 93, 023003
(2004)). Note that the fit parameter a in the CD
formula is the same for Li and Be as predicted by
theory.



