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Search for positron quasibound states in the doubly excited region of the helium atom
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Recent calculations by Bromley et al. [Phys. Rev. Lett. 109, 063201 (2012)] have indicated that the He(2s 2 1S e )
state will bind a positron. The e+ He(2s 2 1S e ) state has a binding energy of 0.447 eV with respect to the He(2s 2 1S e )
state. Binding of a positron to the He 2s 2 state has been predicted to give rise to two resonances in positron
scattering from ground-state helium: e+ He(2s 2 1S e ) at 57.3716 eV and a 2P o shape resonance just above the
He(2s 2 1S e ) threshold at 57.8485 eV. To investigate these predicted resonances, low-energy positron scattering
experiments were performed to measure the total and positronium cross sections in the doubly excited region of
helium in this energy region. No experimental evidence has been found for these resonances, but upper bounds
on the resonance strength were determined for both predicted resonances.
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Theoretical calculations have predicted that many different
atoms are capable of binding a positron to both the ground
and electronically excited states of both atoms and molecules.
For atomic systems, these states have binding energies
ranging from 13 meV (e+ Na) to 0.50 eV (e+ Ca), but are
unstable to positron-electron annihilation and therefore have
short lifetimes [1]. Large Feshbach resonances have been
observed in annihilation cross sections corresponding to
the formation of positron-molecule bound states, providing
strong evidence that such states also exist for molecules [2].
However, experimental evidence of positron-atom bound
states has proven to be evasive.
Previous studies of low-energy positron scattering from
atoms or molecules have yielded no evidence of positron-atom
bound states [3,4]. Many of these investigations have been performed with relatively low-resolution (E  0.5 eV) and lowintensity positron beams, with the result that narrow or weak
features in the cross sections were likely to be undetectable. In
more recent years, the energy resolution available for positron
scattering experiments has been improved significantly [5], but
a high-resolution (E ∼ 25 meV) investigation of H2 , N2 , CO,
and Ar [4] found no sign of predicted quasibound states, or
resonances, in the total scattering cross section. Positron-atom
bound states with higher binding energies are more suited
to experimental study, but nearly all of the atoms with high
predicted binding energies are solids at room temperature.
For example, some of the most promising candidates for
the experimental search for positron-atom binding are openshell transition metals (e.g., Fe, Co, Ni) due to their high
dipole polarizabilities and moderate ionization potentials [6].
Since single scattering positron experiments must use gaseous
targets, atoms such as these transition metals provide an
experimental challenge compared to the bulk of previous
positron scattering studies.
The current search was motivated by recent calculations
performed for positron binding in the region of the helium
doubly excited states [7]. In their paper, Bromley et al. note
the similarities in energetics of the doubly excited state(s)
of helium to the ground state of the Mg ion, suggesting the
likelihood that these state(s) can bind a positron. They also
point out the similarity between the dipole polarizability (αd )
of He 2s 2 (76.2 ao 3 ) and Mg 3s 2 (71.3 ao 3 ) states. Positron
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binding was found to be possible for model alkali-metal atoms
with dipole polarizabilities greater than 23.5 ao 3 [1,3]. The
current study explores the region about two of the predicted
resonant positions: the bound state of e+ He (2s 2 1S e ) and the
2 o
P shape resonance just above the He(2s 2 1S e ) state energy.
We report on the measurement of total and positronium (Ps)
formation cross sections in these regions.
The apparatus and techniques used in these measurements
have been discussed elsewhere [8], so only a summary is
provided here. A moderated beam of positrons, produced by a
∼25 mCi 22 Na source, was guided electrostatically from a neon
moderator into a Surko buffer-gas trap. Positrons are confined
in the radial direction by magnetic fields of approximately
0.05 T. These positrons were trapped and cooled to near room
temperature in an electrostatic potential well using N2 and CF4
buffer gases. The trapped positron cloud was released with an
energy spread (FWHM) of ∼60 meV and a repetition rate
of ∼70 Hz. A retarding potential analyzer (RPA) was used
to determine the absolute energy and energy spread of the
positron beam. This technique provides an absolute energy calibration which is accurate to better than ±25 meV, and this has
been validated by measurements of the positronium formation
threshold in positron scattering from the noble gases [9]. The
positrons passed through a scattering cell containing helium
gas (∼1.6 × 10−3 mbar). An RPA located after the scattering
cell was used to measure the loss of parallel energy of the
positrons after their transit through the gas cell. The intensity
of the positron beam was measured with a microchannel plate
(MCP). The energy distribution was used to determine the
partial cross sections, as has been explained previously [10].
This Brief Report presents the measurements made of the
total and positronium (Ps) cross sections for positron scattering
from helium. The total cross section is found using the BeerLambert law,
 
It
1
,
(1)
σT = − ln
nl
I0
where n is the gas number density, l is the scattering path length
or length of the cell, It is the transmitted intensity, and I0 is the
full incident intensity. The determination of other partial cross
sections has been explained in a previous publication [11].
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FIG. 1. (Color online) Cross sections: top panel, total scattering;
bottom panel, positronium formation (Ps). The theoretically predicted
location of the e+ He(2s 2 1S e ) state is indicated with a vertical dashed
line at 57.3716 eV. The red dashed lines are the 95% confidence
intervals and the solid lines are linear fits through the data.

FIG. 2. (Color online) Cross sections: top panel, total scattering;
bottom panel, positronium formation (Ps). The predicted theoretical
location of the He(2s 2 1S e ) state at 57.8485 eV is indicated with a
vertical dashed line. The red dashed lines are the 95% confidence
intervals and the solid lines are linear fits through the data.

Energy resolution and statistical uncertainties limit the
sensitivity of these measurements to resonances in the cross
sections. The upper bound on the resonance strength can be
estimated (95% confidence level) [4] by

for the total and 0.93 Å2 meV for the Ps cross section. For
the 2P o shape resonance, this is 1.72 Å2 meV for the total and
1.73 Å2 meV for the Ps cross section. These upper bounds are
summarized in Table I.
Based on previous measurements of electron resonances
in this energy region, Bromley et al. [7] compared positron
attachment to the case of electron attachment, suggesting that
these positron bound states are detectable. Using available
experimental and theoretical results, we calculated the expected resonance strength. The magnitude of the observed
electron resonance in the ion yield for the He(2s 2 1S e ) state was
determined to be 0.8% of the total ion current by Quéméner
et al. [12]. Using the results for ionization of helium by positron
impact of Fromme et al. [13], who predict the magnitude

σr Er < 2σrms Eb ,

(2)

where σr is the resonance cross section and Er is the resonance width. σrms is the statistical uncertainty (one standard
deviation) on the cross-section data and Eb is the energy
resolution of the beam. Note that this is only strictly applicable
for symmetric resonant profiles.
Measurements were made of the total and positronium
cross sections at energies around the two predicted resonance
positions: 57.3716 eV [for e+ He(2s 2 1S e )] and just above
the He(2s 2 1S e ) threshold of 57.8485 eV (for the 2P o shape
resonance) [7]. The energy step size in the measurement was
20 meV. Figures 1 and 2 show the results for both energy
regions. The statistical uncertainties in Fig. 1 range from
0.7% (total) to 3.1% (Ps), and in Fig. 2 from 1.3% (total)
to 6.4% (Ps). No resonant features are observed in these
cross sections with this energy resolution and these statistical
uncertainties.
Using (2), it is possible to place an upper bound on
the resonance strength at each of these energies. For the
e+ He(2s 2 1S e ) resonance, the upper bound is 0.95 Å2 meV

TABLE I. Summary of resonance searches.

Energy
range (eV)
57.23–57.63
57.62–58.16
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Cross
section

Upper bound on
resonance strength
(Å2 meV)

Total
Ps
Total
Ps

1.14
1.12
2.06
2.08
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of the ionization cross section in this energy region to be
0.38 Å2 , we can determine an approximate resonance strength
of 0.21 Å2 meV using Eq. (2). This resonance strength is more
than five times smaller than our upper limit for measurements
of the total and positronium formation cross sections about the
He(2s 2 1S e ) state energy.
In conclusion, measurements of the total and positronium
cross sections for He have been made in two different
energy regions to search for resonances associated with the
He 2s 2 state. While no clear resonances were observed,
upper bounds have been placed on the strength of these
resonances ranging from 1.12 to 2.08 Å2 meV. This suggests

that these resonances are either too narrow or too weak
to detect with the current experimental arrangement and
technique. It is possible that these resonances would be
more pronounced in a different partial cross section (e.g.,
annihilation, direct ionization, or electronic excitation), warranting further study in the future as experimental techniques
improve.
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