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Abstract. Results are presented for positron—Hj collision cross sections for energies below
the positronium formation threshold. Calculations are performed with a variety of target
representations, including full configuration interaction within a basis of Slater-type orbitals,
and several models. The most sophisticated model includes the use of pseudo-excited
electronic states of the target to account for intermediate-range polarisation effects. Short-
and long-range polarisation effects are also considered. Calculations are performed for
2;, M, Ty, Ag and A, symmetries which are combined to give differential cross sections
as a function of energy. These calculations underestimate the Zg* eigenphase sum but
perform better for the higher symmetries. The differential cross sections show a minimum
for angles about 45° which should be amenable to experiment. A computationally more
efficient reformulation of the positron-molecule scattering problem is presented within the
R-matrix method. Corrections are given for some previously published results.

1. Introduction

The study of the interaction of positrons with atoms and molecules has become an
increasingly popular area of study due, at least in part, to the increased availability of
positron beams (Charlton 1985). This experimental activity has encouraged a number
of workers to perform calculations on these systems. In particular several methods
have been developed to consider low-energy positron-molecule collisions from first
principles. These methods have recently been the subject of both comprehensive and
short reviews by Armour (1988, 1989). In these works Armour pays particuiar attention
to the status of positron—hydrogen molecule collision calculations, a subject he himself
has worked on for a number of years (see, for example, Armour 1985, Armour and
Baker 1987, Armour et al 1989).

There is little information on differential cross sections for positron-atom or
molecule collisions. Campeanu (1977) and Humberston (1979) calculated low-energy
differential cross sections for the et—He system which show a pronounced energy-
dependent structure below the positronium formation threshold. Similar structures
have been predicted for et—alkali-atom collisions (Ward et al 1988,1989). Measure-
ments have been performed on e*—Ar which have yet to fully resolve this low-energy
structure (Kauppila and Stein 1987).

1 Present address: Department of Physics and Astronomy, University of Oklahoma, Norman, OK 73019,
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The molecular R-matrix method has been used to perform a series of studies
on low-energy electron-molecule collisions. These calculations are now capable of
considering both subtle nuclear motion effects (Gillan et al 1987) and effects due to
polarisation of the target charge cloud even at low scattering energies where these
effects are most pronounced (Gillan et al 1988).

Over the last few years we have been using the molecular R-matrix method to
study low-energy collisions between positrons and diatomic molecules (Tennyson 1986,
Tennyson and Morgan 1987, Tennyson and Danby 1987, Danby and Tennyson 1988).
These studies have produced a number of interesting results but have been uniformly
defective in that the cross sections obtained at the lowest scattering energies were too
low. We (Tennyson and Danby 1987) considered that this was due to the absence of
intermediate-range polarisation effects which can be represented, within the R-matrix
method, by the use of suitably chosen electronically excited states of the target. Use of
these polarised pseudostates has been found to lead to a correct representation of the
low-energy electron—N, cross section (Gillan et al 1988).

In this work we present a reformulation of the molecular R-matrix method for
positrons which is computationally considerably more efficient than that previously
implemented by Tennyson (1986). With this reformulation we present results for
positron-hydrogen-molecule collisions using a variety of target representations and
models for the collision process. The largest calculations involve using a fully correlated
target, within a finite basis, and the representation of short-, intermediate- and long-
range polarisation effects. The intermediate-range polarisation effects are represented
using polarised pseudostates modelled on those used by Nesbet et al (1986) for
electron-H, scattering calculations. In the course of implementing our new procedure
a programming error was discovered which affected some of our previous positron
scattering results. Corrected e*—-H, results are given here.

One advantage of the R-matrix method is that it is implemented in a general
fashion which means that calculations are easily repeated for other diatomic targets
and for a number of total symmetries. In this work we have used this feature to present
differential cross sections for the ¢*—H, collision process as a function of scattering
energy.

2. Method

In earlier R-matrix studies of e™-H, collisions (Tennyson 1986), the XIE; target
state was represented by a single configuration of molecular orbitals obtained from an
SCF calculation. Occupied and virtual molecular orbitals were employed to account
for correlation and polarisation effects within the region of space enclosed by a
sphere centred on the molecular centre of mass. The coefficients of the resulting
configuration expansion of the total positronic—electronic wavefunction were obtained
by diagonalising the associated Hamiltonian matrix. From these one may obtain the
amplitudes, on the surface of the R-matrix sphere, of the positronic continuum orbitals,
which, together with the eigenvalues, yield the R matrix. This is matched to the solution,
in the external region, of differential equations describing the motion of the positron
in the quadrupolar field of H,. The simple nature of the positron-molecule interaction
beyond the target charge cloud allows R-matrix propagation and asymptotic series
methods to be used.

Until recently (Danby and Tennyson 1990) all R-matrix calculations of positron—
molecule collisions have been performed at the adiabatic fixed-nuclei level. In the
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present (as in the previous) work the protons are kept fixed at their equilibrium
separation, R,, though we note that at the non-adiabatic level, the inner region may
be generalised to be a hypersphere in the configuration space of all (nuclei, electrons,
positron) particles (Gillan et al 1987).

In addition to repeating calculations of the type just outlined, with improved
algorithms, we have now included up to three multiconfiguration states of the H,
target in the expansion of the total wavefunction. The generalisation of the electron—
molecule theory to treat positron impact may be illustrated in five parts, corresponding
to the computational procedure followed.

2.1. Target states and pseudostates

At the SCF level, moiecular orbitals for the target wavefunction are constructed from
a linear combination of Slater-type atom-centred orbitals (LCAO-STO). Two STO bases
have been used in the present work. The (1so, 2so, 2po) basis of Fraga and Ransil
(1961) (FR), extended to include (2p=, 3pn, 3dn) orbitals (Tennyson 1986), was chosen
partly to correct our previous work (Armour 1988, table 9). More extensive calculations
have been performed with the (1so, 1so, 2po, 2po, 2pn, 3pn, 3dn) basis developed by
Nesbet et al (1986) (NNM) to account for H, polarisation in e”™—H, scattering. In our
final calculations this basis has been augmented by a 3dé orbital whose exponent was
arbitrarily set to that of the NNM 3dn orbital.

For consistency with previous work, calculations performed using the FR basis were
performed with R, = 1.4 a, and those using NNM with R, = 1.402 q,, although this
difference is unlikely to be significant.

Whereas we only use FR basis for an SCF treatment of the ground state, that
of NNM was additionally used to generate molecular orbitals for the construction
of pseudostate, as well as ground-state, configurations. Specifically, occupied and
virtual o, n, and m, (and &, and 6, where appropriate) molecular orbitals were
taken from an SCF determination of the X !Z} state, a 3L calculation providing
those of ¢, symmetry. Following Nesbet et al a ‘reduced CI’ target was generated by
diagonalising the Hamiltonian formed from the Ioé, lo? and 172 configurations with
single configuration pseudostates represented by laéla‘l1 and laélnl{. Full CI target and
pseudostates were generated including all symmetry-allowed configurations. The total
number of configurations of 122, 12;‘ and 1l”Iu symmetry are, respectively, 32, 25 and
24 or 34, 26 and 30 with 0 orbitals included.

Taking the lowest eigenstate from the CI calculation yields a representation of the
ground state which recovers about 90% of the correlation energy and two pseudostates
which act to account for the static polarisability. The inclusion of these diffuse
pseudostates may be expected to lead to an improved description of the polarisation
potential for e*-H, collisions in (intermediate) regions of space within the R-matrix
boundary but where the electron density of the ground target state is low.

In this work, in common with most previous molecular R-matrix calculations,
the R-matrix radius was fixed at 10 ;. Recent electron-H, studies (Branchett and
Tennyson 1990) have shown that this sphere is more than adequate to contain the H,
ground state but too small for some of the diffuse electronically excited states.

2.2. Continuum orbital generation

The first step in the generation of the continuum orbitals, which will carry the scat-
tered positron, is the numerical solution, for each contributing partial wave [, of the
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differential equation in Ryd

a2 I(l+1)
(—55 V- k,%.) uy(r) =0 (1)
with the reduced radial functions, u;;, satisfying the homogeneous boundary conditions
_ a duy _
u;(0) =0 @ dr |~ 0. )

The basis generating potential, ¥, is in principle arbitrary and in most cases the reults
are insensitive to it (Tennyson 1986). We therefore used ¥, = 0 for all calculations
except for those giving continuum orbitals of 7 symmetry. These were generated using
the isotropic electron-H, potential. The reasons for this seemingly unphysical choice
will be discussed below.

A boundary value problem of the above (homogeneous Sturm-Liouville) type
yields, for each I, an infinite orthonormal set of discrete eigenfunctions, though only
those with klzj < 10 Ryd are retained. The effect of the neglected terms on the diagonal
R-matrix elements may be taken into account by a Buttle correction (Buttle 1967,
Shimamura 1978) evaluated at this stage of the calculation. Numerical functions were
generated to represent the three lowest partial waves for each symmetry.

2.3. Molecular integrals

The numerical evaluation of the one- and two-electron integrals over the atom-centred
STO and the continuum functions (centred on the molecular centre of mass) is performed
at this stage using the program of Noble (1982) based on the ALCHEMY (McClean
1971) package. In earlier studies of positron-molecule scattering (Tennyson 1986) an
independent set of STO was used in the construction of short-range positronic orbitals,
even though in practice these were always taken to be identical to the occupied and
virtual target orbitals. This method obviated the need for reprogramming to allow dual
occupancy of spin orbitals. With these changes now made (see below), a significant
reduction in the number of integrals to be calculated and stored has been effected,
while retaining the previous approach as an option.

A fully orthonormal set of molecular orbitals is obtained using Schmidt orthogo-
nalisation. This may be preceded by a Lagrange orthogonalisation of the continuum
functions to a specified number of target molecular orbitals of the same symmetry, a
procedure less prone to problems associated with linear dependence (Tennyson et al
1987). In the present work, the o,, o,, 7, and m, continuum orbitals were Lagrange
orthogonalised to the lowest target molecular orbital of the same symmetry. These
molecular orbitals are used with a standard four-index transformation of the integrals
between atomic basis functions to give molecular integrals.

2.4. Hamiltonian matrix

With the possible exception of the choice of the continuum basis generating potential,
the procedure followed so far is the same whether the scattered particle is a positron or
an electron. The calculations begin to differ when the target and continuum molecular
orbitals are used to generate the configurations representing (for a given symmetry)
the total wavefunction of the electrons and positron inside the R-matrix sphere:

‘I’k(xl,xz,x3) = Z Cijk(pi(xp xz)’h("z.)ﬂ(%) + Z dikd)i(xpxz)d’;('%)ﬁ(%) 3

g
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where x; are the space-spin coordinates (r,, ;) of the electrons (i = 1,2) and positron
(i = 3), B is the positron spin function and @, is a target state or pseudostate consisting
of a weighted sum of configurations determined in section 2.1. The choice of continuum
molecular orbitals 7, is determined by the symmetry of the target state(s). The ¢, are
short-range functions constructed from the target spin orbitals. In all configurations
the target is explicitly coupled to a specific spin state, here a singlet.

With an SCF target two types of configurations are included in the second sum in
(3). Correlation configurations ®,¢; are included to allow for high-/ effects in the region
of the target singularities and to relax orthogonalisation constraints discussed above.
Polarisation configurations can be included by considering single excitations out of
the occupied orbitals with the positron occupying appropriate (by symmetry) ¢;. The
function of these two-particle one-hole states is to account for short-range polarisation
effects. For CI targets the number of correlation configurations required increases, but
it is no longer possible to distinguish these from polarisation configurations.

Expressions for the Hamiltonian matrix elements between the configurations gen-
erated above are evaluated in terms of a list of coefficients to be combined with that
of the integrals obtained earlier. With each such coefficient is associated one label
identifying the corresponding Hamiltonian matrix element and another the integral it
multiplies (Yoshimine 1973, equation (3)). This is the point at which the bulk of the
reprogramming was necessary in order to generalise the codes for positron collisions.
The signs of the coefficients attached to the one-electron nuclear attraction integrals
are changed, and two-electron exchange contributions neglected.

An error present in earlier implementations of the method (Tennyson 1986, Ten-
nyson and Danby 1988, Danby and Tennyson 1988) led to the retention of some
exchange contributions and the neglect of the corresponding positron—electron attrac-
tion terms. Previous et-molecule calculations beyond the static approximation were
affected by this, and consequently some have been corrected in the present paper.

The occupation of electronic spin orbitals by the positron is most easily effected,
not by changing the configuration generator (which in its original form enforces
the Pauli principle), but by initially having separate positron spin orbitals (as in
previous work) and mapping the integral label of each coefficient accordingly. After
re-ordering this coefficient list to minimise input/output operations (Yoshimine 1973), it
is combined with the list of integrals to yield the Hamiltonian matrix elements between
configurations.

For a multiconfiguration (CI) target state the weight of each configuration is deter-
mined by performing a CI calculation for the target or pseudo-target state concerned,
®,. These weights are then used to transform the Hamiltonian matrix elements involv-
ing continuum orbitals. This contracted Hamiltonian is then diagonalised to yield the
variational coefficients along with the eigenvalues, E,, of ¥,. The differences between
the eigenvalues and the energy of the lowest target state appear in the denominator of
the R matrix at r = a and hence are known as the R-matrix poles.

2.5. Outer region

The initial conditions for the solution of the scattering problem in the outer region
of configuration space are provided by the R matrix on the surface of the sphere
r = a (taken in the present work as 10 a,). Beyond the R-matrix sphere, the problem
reduces to a set of close-coupled differential equations which must be solved for
each energy E (Gillan et al 1987). A combination of R-matrix propagation (Morgan
1984) and (Gailitis) asymptotic expansion techniques (Noble and Nesbet 1984) was
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deployed. The (closed) pseudochannels were excluded and, instead, the asymptotic
form of the polarisation potential adopted. Following Nesbet et al (1986), we used
(o), 0,) = (6.2654,4.3590) (units are aé) for our calculations with a full CI target, and
(6.2298, 4.4573) for ‘reduced CI’ calculations. The interaction with the H, quadrupole,
taken from NNM as Q = 0.447 ea3, was also included. For positrons the polarisabilities
give an attractive interaction and the quadrupole net repulsion.

3. Results

Preliminary to obtaining final results in this study we investigate the effect of the use
of different target representations and ways of accounting for polarisation. For space
reasons we only present detailed comparisons for the Eg total symmetry although most
models were tested for several symmetries.

Table 1 gives the behaviour of the eigenphase sum for four target representations
as short- and long-range polarisation effects are included. The static calculations with
the SCF Fraga—-Ransil (FR) target are very similar to those given previously (Armour
1988, table 9, column 4) although they were generated on the Cray-XMP48 at the
Atlas Laboratory using our new code. These static results are very similar to those
given using an SCF target due to Nesbet et al (NNM).

Table 1. Eg’ eigenphase sums, in rad, for positron-H, scattering as a function of a model
using an SCF target wavefunction as described by FR (Fraga and Ransil 1961) or NNM
(Nesbet et al 1986), and a full c1 wavefunction using the NNM basis.

Static spe sp+a® sP+a2¢
k2 (Ryd) FR NNM FR NNM CI FR NNM Cl NNM+9 CI+d
0.0t -0.072 —-0.068 0.087 0078 0055 0102 0095 0.069 0.100 0.077
0.04 -0.142 -0.139 0119 0109 0074 0128 0119 0.081 0.126 0.092
0.09 -0.209 —-0206 0098 0.096 0.056 0108 0105 0064 O0.115 0.076
0.16 -0274 -0273 0045 0046 0007 0.053 0055 0015 0.066 0.028
0.25 -0.336 -0.331 —-0.022 -0010 -0046 -0016 —0.003 —0.039 0.008 -0.027
0.36 —0.394 —-0371 -0.088 —0.056 —0.090 -—-0.083 -0.051 -—0.08f —-0.038 —0.071
0.49 —-0.448 —0425 —-0.149 —-0.120 -0.152 -0.145 -0.116 —0.148 -0.103 —0.135
0.64 —-0.497 —0487 —-0206 —0.183 —0.214 -0203 -0.179 -0.210 -0.167 -0.197
0.81 -0.539 —-0.522 -0.256 -0208 -—-0.240 -0253 -0.206 -0.237 -—-0.193 -0.223
1.00 —-0.578 —0.563 —-0.299 —0.240 -0.270 —-0.296 -0237 —-0.267 —0.224 —0.253

4 Static plus short-range polarisation.
b Static plus short- and long-range polarisation.
¢ Targets including J orbitals.

Inclusion of short-range polarisation effects by use of single excitations in the target
virtual orbitals leads to a significant increase in the Z; eigenphase sum. The FR results
presented here correct the equivalent results of Tennyson (1986, table 1 final column).
Comparison between the FR and NNM SCF targets shows that the FR eigenphase sums
are marginally higher at low energy and lower at high energy. A more significant
difference is found when the NNM target is fully correlated. This leads to a significant
decrease in the computed eigenphase sum at all energies. This can be explained by the
improvement of the representation of the target relative to the continuum wavefunction
which leads to an increase in the R-matrix pole positions and hence a iowering of the
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eigenphases. This suggests that it is in fact possible to overestimate the eigenphase sum
by using a poor target representation, a phenomenon known as over-correlation.

The third set of columns in table 1 shows the effect of including the polarisabilities
in the the asymptotic potential. As this term is attractive this leads to a near uniform
rise in the eigenphase sum for all targets which is more significant at low scattering
energies.

The final columns of table 1 show the effect of including a 6, and a J, orbital in
the target orbital set. This allows for A polarisation effects to be included as well as
augmenting the ¥ and IT polarisation. Inclusion of these single, arbitrarily defined, é
orbitals leads to a uniform increase in the eigenphase sums of about 0.014 rad. Again
this effect is slightly less for the CI target because use of the extra orbitals also leads to
a corresponding lowering of the energy of the full CI target. Nevertheless using these
functions lead to a 15% increase in our final X, cross section at 0.01 Ryd.

Table 2 investigates the effect of using polarised pseudostates to represent interme-
diate polarisation effects. For comparison the final column of table 1 and the best Kohn
variational results, due to Armour and Baker (1986), are also given. These calcula-
tions, in common with others by Armour and co-workers, used a target representation
which recovers about 50% of the H, correlation energy. Column 3 investigates the
use of pseudostates generated following the prescription of NNM by using a three-
configuration target representation and two single-configuration pseudostates. The
poorness of these results can be attributed to both the crudeness of the pseudostates
and the fact that this model leads to a large reduction in the number of configurations
used to represent short-range polarisation effects.

Table 2. R-matrix Zg eigenphase sums, in rad, for positron-H; scattering as a function of
a model using CI target wavefunctions. Eigenphases obtained by Armour and Baker (1987)
using Hylleraas functions and the Kohn variational principle are shown for comparison.

SP+Pss+aP
SP+o? Kohn

kK (Ryd) ci1+é NNM®  Fulld  Full+6%¢  type 1f

0.01 0.077 0.038 0.099  0.105 0.157
0.04 0.092 0.012 0112 0.120 0.213
0.09 0076 —0.035 0.086  0.096 0.199
0.16 0.028 —0.094 0037  0.049 0.155
0.25 -0.027 -0.147 -0.007 0.005 0.066
0.36 —0.071 -0.184 -0.041 -—0.028 —0.002
0.49 -0.135 0239 -0.094 —0.081 —0.058
0.64 —0.197 0297 -0.146 -0.133

0.81 -0.223 0326 —0.164 —0.151

1.00 —0.253 0360 -—0.187 —0.173 —-0.217

2 Static plus short- and long-range polarisation.

b Static plus short-, intermediate- and long-range polarisation.
¢ Polarised pseudostates defined following Nesbet et al (1986).
4 Polarised pseudostates defined using a full c.

¢ Targets including & orbitals.

[ Column e, table 2 of Armour and Baker(1987),

The fourth column of table 2 shows that the use of full CI pseudostates with a full CI
target leads to a significant rise in the eigenphase sum at all energies, demonstrating the
importance of the intermediate-range polarisation effects. Comparison of these results
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with the Kohn calculations, employing Hylleraas functions to explicitly correlate the
et—e~ motions, suggests that at low energies we are still underestimating the s-wave
eigenphase. Some improvement is obtained by using § orbitals; see column 5 of
table 2. However it would appear that, particularly for the penetrating s wave,
the polarisation potential is difficult to represent accurately without using Hylleraas
functions. Conversely, at higher energies our eigenphase sums are higher than those
given in the Kohn calculations. We attribute this to the inclusion of higher partial
waves neglected by Armour and Baker who only allowed for the, albeit spheroidal, s
wave in their calculations.

Table 3 gives eigenphase sums for the higher symmetries. These results were
calculated using the full CI target including J orbitals and pseudostates and are thus
equivalent to column 5 of table 2. For comparison we also give the recent I}
calculations of Armour et al (1989). Our results are in excellent agreement with theirs
except at higher energies where our eigenphases are higher. Again this is probably due
the inclusion of only the lowest partial wave in their calculation. The good agreement
at low energies suggests that, although our polarisation potential is inadequate for the
Zg calculations, it can give reliable results for the higher symmetries which do not
penetrate the target region so strongly.

Table 3. Eigenphase sums, in rad, for higher symmetry positron-H; scattering calculated
using a full cI target with short-, intermediate- and long-range polarisation. The Kohn
result due to Armour et al (1989) for T} symmetry is given for comparison.

k? (Ryd) ¢ i I, Ag Ay

0.01 0000 0000 0009 0000 0003 0.000
0.04 0013 0017 0020 0002 0009 0002
0.09 0036 0037 0046 0004 0016  0.005
0.16 0064 0056 0088 0018 0023  0.007
0.25 0.082 0066 0108 0050 0032 0010
0.36 0082 0072 0089 0072 0042 0015
0.49 0075 0069 0065 0058 0051 0020
0.64 0072 0063 0067 0027 0060 0026
0.81 0080 0050 0094 0019 0071 0032
1.00 0131 0041 0126 0057 0081 0.042

2 Armour et al (1989) table 4, final column, The R-matrix results quoted by these authors
are our preliminary values which did not include § orbitals in the calculation.

Our results suggest that the I1, symmetry is more important at low energies than
the T} symmetry, as anticipated by Armour et al. Our calculations on the A symmetries
give eigenphase sums that are small, positive and monotonically increasing—in line
with calculations of the d-wave contribution to e*—He scattering (Campeanu 1977).

For both IT, and II, symmetries, our results showed a pronounced dip in the
eigenphase sums in the region 0.4-0.8 Ryd. We could find no obvious physical
explanation for this effect. Therefore we performed several test calculations to probe
the cause of this effect. The magnitude of the dip was found to be much more
sensitive to the details of the calculation than, for instance, the eigenphases with  or
A symmetry.

In particular the II eigenphases appeared to depend strongly on both the exact
form of the continuum numerical functions and the level of short-range polarisation
included in the calculation. So, for example, the IT, eigenphase sum for k* = 0.081
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Ryd increased 0.021 rad when d orbitais were used. This is 50% larger than any of the
increases for other symmetries.

The sensitivity to choice of continuum functions appears to be more of a technical
problem. Unfortunately the IT target orbitals developed by Nesbet et al (1986)
are themselves nearly linearly dependent. When these are augmented by a set of
continuum functions a linear dependence occurs which is not well treated by our
Lagrange orthogonalisation procedure (Tennyson et al 1987) as the underlying cause
of it is the target and not the continuum orbitals. This results in an underestimate of
the eigenphase sums in calculations using Lagrange orthogonalised orbitals. Numerical
experimentation showed that this effect was least severe for continuum functions which
maximised the overlap with the target orbitals. Hence the choice of the attractive
electron-H, potential for generating our continuum orbitals.

Table 4 presents cross sections calculated using the results of table 3 and column
4 of table 2. The total cross sections are too small when compared with experiment
(Hoffman et al 1982, Charlton et al 1983) which can be directly attributed to our
underestimate of the 2; contribution. Our total cross sections are compared with
those obtained by Nesbet et al (1986) for e"—H, scattering showing the much larger
cross section in the electron case. Comparison with experiment (Hoffman et al 1982)
shows that these calculations also underestimate the total cross section at the lowest
scattering energies.

Table 4. Cross sections, in a%, for positron-H; scattering calculated using a full cI target
with short-, intermediate- and long-range polarisation. The Kohn results for Z'g* and £
symmetry are given for comparison, as is the calculated total electron—H, cross section.

¥ (Ryd) Ef F* E T M, My Ay Ay Totalleh) Totale™)®
0.01 13967 30744 0003 0000 0219 0002 0031 0001 1422 37.80
0.04 4321 1398 0053 0089 0237 0003 0052 0003 467 43.58
0.09 1076 5448 0166 0186 0518 0005 0062 0005 183 48226
0.16 0111  1.885 0281 0249 1069 0044 0068 0007 158 52.69
025 0066 0232 0273 0218 0998 0222 0080 0008 165 5407
0.36 0263 0000 0170 0178 0431 0316 0092 0011 128 51.21
0.49 0495 0085 0088 0121 0126 0137 0096 0015 097 45.38
0.64 0.801 0052 0079 0096 0015 0100 0018 108 39.01
0381 0.989 0046 0041 0152 0005 0106 0022 132 33.64
1.00 1036 0581 0109 0027 0220 0048 0108 0031 155 25.85

2 Armour and Baker (1987) table 5, column (b).
b Armour et al (1989) table 5, final column.
¢ Electron—Hj cross sections from Nesbet et al (1986).

Figure 1 shows the convergence of a calculation of the et-H, differential cross
section as a function of the number of symmetries. Although the shape of the curves
changes markedly as symmetries are included, the small change on including the A,
symmetry suggests that our results are converged at this level.

Figure 2 shows differential cross sections as a function of scattering energy. A
notable feature of this figure is the prediction of a minimum in the differential cross
sections for an angle of about 45° for scattering energies between 0.3 and 0.6 Ryd. This
feature is very similar to that predicted in low-energy et-He scattering (Campeanu
1977, Humberston 1979), but the larger total cross section of the e*—H, system makes
it a more promising candidate for observation. A similar feature was found in the
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Figure 1. Differential cross sections for e*~H, collisions at 0.5 Ryd as a function of
number of symmetries included in the calculation. Symmetries are included in the order
Zg,EI,l’Iu,Hg,Ag and A,. Chain curve, three symmetries; dotted curve, four symmetries;
broken curve, five symmetries; full curve, six symmetries.
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Figure 2. Differential cross sections for e*-H; collisions as a function of collision energy.
The resuits include all symmetries up to and including A,,.

model potential calculations of Morrison et al (1984), although their differential cross
sections appear to be significantly more forward peaked. As the X, cross sections are
forward peaked for all but the lowest energies, our underestimate of this cross section
will act to lower this peak. At higher energies, one would expect symmetries higher
than A, to also make a significant contribution to the forward cross section.
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4. Conclusions

We have presented results for positron-hydrogen molecule collisions using a number
of target representations and different models for polarisation effects. These results
show the importance of including short-, intermediate- and long-range polarisation
effects. Our best results give eigenphase sums which are too low for the penetrating
2; symmetry. This results in an underestimate of the low-energy cross section by up
to a factor of two suggesting that our short-range representation of polarisation is
still inadequate for this symmetry. These effects appear less important for the higher
symmetries for which our results appear more reliable although we had some problems
of a technical nature with the calculations of IT symmetry.

Our predicted differential cross sections show a structure similar to that found
in some positron—-atom systems. We believe this structure may be observable with
present-day experimental techniques.

The improved formulation of the positron—molecule scattering problem presented
in this paper makes possible calculations on a number of diatomic targets at the
same level of sophistication as those presented here. Such calculations are currently in
progress and it is our aim to study both elastic and inelastic processes in these works.
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