Periodic table of positronic atoms
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Synopsis The calculation shows that more than half of the atoms in the Periodic Table bind the positron in their
ground state. A number of atoms also bind positrons in excited states forming discrete spectrum and low-lying

resonances.
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Figure 1. Recommended positron binding energies
relative to the dissociation threshold e*-+A. The
results based on current study are shown with +
sign. The (O shows the results of the previous
best calculations based on configuration interaction
(CI) or stochastic variational methods (SVM). A
shows the previous result of the relativistic method
MBPT+CI for Cu, Ag, and Au in our group. The
binding energies of Rb, Cs, and Fr are obtained by
linear extrapolation of the values of Li, Na, and
K with respect to the ion(A™) radius, which are
marked by square [

Binding of positron to an atom with several va-
lence electrons is a challenging problem. This is
mainly due to the strong electron-positron cor-
relation effects and virtual positronium (Ps) for-
mation [1] . In Ref. [2] we presented calculations
of the positron binding energies to all atoms in
the Periodic Table. The most accurate previous
calculations involving Li, Na, Ag, Cu, Au, Be,
Mg, Ca, Zn, Sr and Cd atoms [3, 4] have been
included and used to correct our values for the
binding energies of positron to other atoms. We
hope that the recommended positron binding en-
ergies to all atoms in the Periodic Table stimu-
late the experimentalist to detect the positron-
atom bound states. The ordinary Periodic Table
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is constructed due to the similar chemical prop-
erties of atoms with the same number of valence
electrons in external subshells. We have obtained
similar periodicity in the positron-atom bound
states, see the figure.

For atoms with ionization potential I such
that I > 6.80 eV, the Ps-formation channel is
closed. The closest decay channel will be e™+A.
On the other hand, for I < 6.80 eV the low-
est decay channel is Ps+A™. On the figure, the
positron binding energies ¢, have been presented
relative to the decay channel e™+A. The binding
energies relative to different channels are related
by an equation

ep=¢ps— 1 +6.80 eV, (1)

where € p; is the positron binding energy relative
to the channel Ps+A™, and 6.80 eV is the bind-
ing energy of positronium (Ps). We found that
more than half of the atoms in the Periodic Ta-
ble bind the positron in their ground state (i.e.
stable relative to both channels). A number of
atoms also bind positrons in excited states form-
ing discrete spectrum and low-lying resonances.
These resonances may be used for experimental
detection of positron-atom bound states via res-
onant annihilation or scattering [5].
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