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ABSTRACT

Cusp-electron production has been investigated in collisions of 75-300 keV He+

with Ar. The relative contributions from electron capture to the continuum (ECC),
transfer ionization (TI), and electron loss to the continuum (ELC) to the total cusp-
electron production were measured. Over the energy range investigated, ECC was
found to decrease from about 86% to 80%, TI decreased from about 12% to 1%, and
ELC increased from about 2% to 20%. The present results are consistent with earlier
work for He+ and Oq + projectiles.

INTRODUCTION
»

Currently there is great interest in continuum electrons and the processes from
which they originate1. Cusp electrons, so-called due to the Hcusp"-shaped peak that
appears in the energy spectrum, are those continuum electrons ejected in the forward
direction whose velocity, ve, equals that of the incident projectiles.

The data presented here are the result of an investigation of the three distinct
processes from which cusp electrons are produced in collisions of 75-300 keV He+

with Ar. Two of these processes involve a single electron and the other involves two
electrons. When a cusp electron is produced through ionization of the target by the
projectile, this is known as electron-capture-to-the-continuum (ECC). This form of
capture into a continuum state of the projectile can be thought of as simply an
extension of capture into a high-lying bound state. The charge state of the projectile
remains unchanged during ECC, so in the present experiment ECC was observed by
detecting a cusp electron in coincidence with an outgoing He+ particle.

The other single-electron process producing cusp electrons is known as electron-
loss-to-the-continuum (ELC). In this process, through ionization by the target atom,
it is the projectile which loses a bound electron to a continuum state. Due to this
projectile ionization, the signature for ELC was the detection of a cusp electron in
coincidence with a charge-changed He2+ particle.

Of particular interest to the present work is the third means by which cusp
electrons may be produced. This process, referred to as transfer ionization (TI), is a
two-electron process in which one electron is transferred into a continuum state of the
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projectile, while the other electron is captured into a bound state. In the present
experiment, TI was observed by detecting cusp electrons in coincidence with outgoing
neutral He particles.

Previous work2 for He+ + Ar collisions indicated that TI increases as the
projectile energy is decreased. In similar work3 for 60 keV O6 + + He, low-energy
continuum-electron emission was found to occur only when accompanied by bound-
state capture. The present measurements, for 75-300 keV He+ + Ar, were
conducted to compare with these earlier results.

EXPERIMENTAL PROCEDURE

The measurements presented here were obtained using the 1.5 MeV Van de
Graaff at ATOMKI in Debrecen, Hungary2. The 75-300 keV He+ projectiles passed
through a pair of collimatcrs preceding the effusion gas target. The Ar target was
mounted at the focal point of a double-stage cylindrical mirror electron spectrometer.
The emitted cusp electrons were energy analyzed by this spectrometer and counted
with a channel electron multiplier (CEM).

The projectile beam leaving the target region was separated into its charge-state
components by an electrostatic deflector. These different components, namely, He0,
He+ , and He2+ , were then counted by a second CEM that detected secondary
electrons, produced when these particles struck a surface. Coincidences between cusp
electrons and the outgoing Heo>*+ '2+ particles were detected in order to identify the
ECC, ELC, and TI processes.

Measurements were taken at five different projectile energy values between 75
and 300 keV. At each energy, data were collected for several target gas pressures to
ensure that single-collision conditions prevailed. Examples of typical cusp-electron
energy spectra are shown in Fig. 1 for ECC, ELC, TI, and total cusp-electron
emission.
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Figure 1. Cusp-electron energy
spectra for 150 keV He+ + Ar:
O, total; • , ECC; • , TI;
• , ELC
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RESULTS

The measured relative contributions of ECC, ELC, and TI to cusp-electron
production over the projectile energy range investigated here are shown in Fig. 2.
The relative contributions were determined assuming that the sum of the separate
coincidence fractions equal unity. To obtain these relative values, cusp-electron
spectra were corrected for "dark counts" in the CEM and for detection efficiency.
Additionally, the coincidence spectra were corrected for random events. The general
tendency of the results shown in Fig. 2 is in good agreement with the previous work
of Kover et al2.

As seen in Fig. 2, the largest percentage of cusp electrons, for the energy range
investigated here, come about through the ECC process. However, as the projectile
energy increases, the ECC fraction becomes less dominant, decreasing from about
86% to 80%. Furthermore, as the projectile energy increases, the contribution due to
ELC increases from about 2% to 20%, while the TI fraction is seen to decrease from
around 12% down to 1%. The increase in the value of the TI fraction with
decreasing projectile energies has been shown in previous work2 and is consistent
with what was found in the present data.
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Figure 2. Relative contributions
of the various cusp-electron
production mechanisms for 75-300
keV He+ 4- Ar collisions. The
contributions are: • , ECC; • , TI;
• , ELC.

A quantity of particular interest is the TI/ECC ratio which gives the probability
for comb: *ed continuum and bound-state capture compared to the probability of
continuum capture alone. This ratio is shown in Fig. 3. In related work for 60 keV
O6 + + He (Ref. 3), and for 20-112 keV O8 + + He (Ref. 4) and 42 keV O^+ + He
with q= 3, 6, and 8 (Ref. 4), it was found that continuum-electron emission only
occurred when accompanied by bound-state capture to the projectile. In Refs. 3 and 4
it was suggested that the observed continuum-electron emission associated with bound-
state capture came about as a result of electron-correlation effects. In the present data
the TI/ECC ratio increases with lower projectile energies, reaching a maximum value
of about 15% at 75 keV. It is likely that the two-electron TI events observed here



also originate from electron-correlation effects, but additional experimental and
theoretical work is needed to relate these results for He+ projectiles to those obtained
in Refs. 3 and 4 for Oq + projectiles. Future investigations are planned to further
investigate the behavior and dynamics of continuum-electron emission leading to TI,
ECC, and ELC at low to intermediate projectile energies.
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Figure 3. Fraction of cusp
electrons accompanied by bound-
state capture (TI) compared to cusp
electron production without
projectile charge change (ECC).
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
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