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Abstract. We present highly accurate relative measurements of 23P excitation of
helium by electron impact at 30, 40 anil SO eV. These, when normalised to the
convergent close-coupling (CCC) theory at one angle, yield excellent agreement at
the remaining angles. This resolves some of the outstanding discrepancies between the
CCC theory and earlier measurements.
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Recently we have concentrated on providing a combined experimental and
theoretical study of electron-helium differential ionization at intermediate energies
(Roder et al 1996a, Roder et al 19966). The theory used is the convergent close-coupling
(CCC) method, introduced by Bray and Stelbovics (1992) for the electron-hydrogen
scattering problem. This is a close-coupling approach to electron-atom scattering
that expands the target space in a set of square-integrable target states obtained by
diagonalizing the target Hamiltonian in a suitably chosen Laguerre basis. As such, the
CCC method is ideally suited to the description of excitation, i.e. transitions between
discrete states. Application of the method to the calculation of ionization cross sections
depends implicitly on the assumption that it is able to reliably obtain discrete excitation
cross sections.

The CCC method has been extended to the electron-helium scattering problem
by Fursa and Bray (199?)), who showed that the method yielded generally very good
agreement with most of the available absolute measurements of the elastic and excitation
(up to H < 3) differential cross sections at energies ranging between 1.5 to 500 eV.
However, there remained some substantial discrepancies in the shapes of a few cross
sections, particularly so for excitation of the ground state to the 23P level. This is a
cause for substantial concern and the aim of this Letter is to address these discrepancies
by providing further calculations and new measurements.

The experimental apparatus (see figure 2 of Roder if ai (1996a)) was originally
used for measurements of triple differential cross sections for the ionisation of rare gases
and atomic hydrogen. A detailed description has been given by Rosel cl al (1992)
and Ehrhnrdt el al (19SG). Briefly, it consists of two detectors using tandem 127 deg
cylindrical selectors and an electron gun using only one 127 deg cylindrical selector. For
the measurements reported in this Letter only one of the detectors was used. Unlike
most common systems the cylindrical selectors are arranged vertically. The selector slits
(as 5 x 1 mm2) have the larger diameter in the scattering plane, thereby reducing the
need for angular correction of the measurements. The maximum value of the estimated
angular resolution of the analyser is ±3.5 deg. which is sufficient for our needs.

The electron beam profile has a full-width at half-maximum (FWHM) of
approximately 1.2 mm. This has been measured with a thin grounded metal pin of
0.1 mm diameter (Ehrh irdt el al 19S6). Similarly, the acceptance profile of the analyser
has been measured for various detection energies.

The diameter of the gas nozzle was 0.5 mm, with the intersection region of the
electron and the gas beams at 1.5-2 mm above the nozzle. Buckman el al (1993)
measured gas beam profiles of a nozzle with a 1 mm diameter and a pressure of
approximately 1 Torr for different distances from the nozzle. For this nozzle and a
distance of 2.5 mm they found a FWHM of approximately 2.4 mm for the gas beam
profile. Therefore the acceptance angle of the analyser is sufficient so that we anticipate



there is no need For any angular correction of measurements using our apparatus. This
has been explicitly checked several times, see Ehrhardt et al (19S6) for example, by
comparing the measured relative elastic cross sections with the theoretical data of Nesbet
(1979).

For the measurements reported here the electron beam was focused onto an electron
Faraday-Cup with divided inner and outer electrodes. This Faraday-Cup cannot be
mechanically adjusted exactly in the zero degree direction. The estimated systematic
uncertainty in the scattering angles is ±1.5 deg. The energy resolution of the system
was around 90 meV, so the 33P state cannot be resolved from the 3'P and 33|)D states.
The voltage supply system for the electron optics has been designed for this range.
Only a very small background signal was observed and so backgiound correction was
not needed.

Relative cross sections for excitation of the 23S, 2*S, 2'P, 2'P, 33S and 3'S were
measured at impact energies of 30, 40 and 50 eV. AH o[ Vhese MC in good agreement,
when suitably normalised, with the CCC theory and most of the previous measurements.
We concentrate our presentation on the 23P cross sections as this is where discrepancies
in shape are greatest with the previous measurements. The other data may be obtained
from the authors. Note that we view the new measurements as complimentary to
the existing set. The earlier experiments concentrated on the very difficult task of
determining much needed absolute values for these cross sections. Having obtained
these to an accuracy of approximately 20%, we believe it is valuable to provide the
shapes of these cross sections to an accuracy of around 5%.

In figure 1 we present the results for excitation of the 23P state of helium by 30 eV
electrons. The present measurements have been normalised to the CCC theory by visual
fit. We see that the new data is in very good agreement with the CCC(75) and CCC(69)
calculations (Fursa and Bray 1995) as well as the CCC(85) calculation. The latter adds
10 G-states to the 75-state calculation in order to check for convergence of the earlier
results with increasing target-space orbital angular momentum. Clearly convergence is
achieved and the apparent discrepancy with the earlier measurements is resolved.

The 40 eV results are given in figure 2. Here we see that there is considerably less
discrepancy between the older data and the CCC theory. Whereas the measurements of
Trajmar et «/(1992) are absolute determinations, those of Brunger cl «/(1990) are ratios
to the 2'P cross section multiplied by the CCC 2'P results, which are in good agreement
with existing 2'P data at 40 eV (Fursa and Bray 1995). Though a little variation
is evident between the three theories indicating the difficulty of the calculations, the
good agreement with the latest measurements at all available scattering angles gives us
confidence in the accuracy of the CCC theory at all angles.

The discrepancy between the CCC theory and the earlier measurements is somewhat
larger at 50 eV, and is presented in figure 3. Here the measurements of Hall et al



(1973) arc similar in shape to the theory, but are systematical^- too high. Our present
measurements support this shape in preference to that obtained by Trajinar et al (1992).
Agreement in shape with the present measurements is once again very good.

In conclusion, we have resolved some of the remaining discrepancies between
predictions of the CCC theory and experiment (Fursa and Bray 1395). The presented
23P differential cross sections are difficult to calculate accurately. Detailed comparison
with other theories lias been given earlier, none of which were able to reproduce the
measurements or be in agreement with the CCC theory. The primary difficulty is
due to the importance of treating the target continuum at these energies. The recent
R-matrix with pseudo-states (RMPS) theory (Bartschat c/ al 199G) should be able to
yield results similar to the CCC theory, and initial indications are that this is indeed the
case (Bartschat 1996). Its advantage over previous R-matrix theories. (Fon ct al 1991)
for example, is the ability to accurately treat both the target discrete and continuum
subspaces.

Having applied a number of calculations at each projectile energy we believe that th<-
CCC theory is able to obtain the e-lle excitation differential and, hence, integral cross
sections very accurately. The next substantial challenge for this theory is differential
ionization at low energies and extension to quasi two-electron targets such as beriHium.
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s 1- Differential cross section for the excitation of the 23P state of lii-lium by
.10 eV electrons. The present relative measurements have been normalized to the CCC
theory.
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Figure 2. Same as for figure 1 except for 40 eV incident electrons.
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Figure 3. Same as for figure 1 except for 50 eV incident electrons.


