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Two-center convergent close-coupling calculations
for positron-lithium and positron-sodium collisions

A. V. Lugovskoy 1, A. S. Kadyrov, I. Bray and A. T. Stelbovics

ARC Centre for Antimatter-Matter Studies, Curtin University, Perth 6150, Australia

Synopsis The convergent close-coupling calculations of e+-Li and e+-Na collisions are reported. The target is
treated as one active electron interacting with an inert ion core. The positronium formation channels are taken
into account explicitly utilizing both negative- and positive-energy Laguerre-based states. A large number of
channels and high partial waves are used to ensure the convergence of the cross sections.

The physics of positron collisions with atomic
targets has attracted considerable interest dur-
ing the past decade. In part this has been due to
significant advances in experimental techniques
and computational power available to researches.
This permitted conducting new high-resolution
experiments and computationally intensive cal-
culations for a wide range of atomic and molec-
ular targets. Also, the interest of the commu-
nity has been motivated by a number of problems
such as determining positron-atom bound states
and anomalously high cross sections in positron
scattering from macromolecules where agreement
between the experiment and theory has not been
reached.

McAlinden et al

Le et al

Surdutovic et al

CCC: spd basis

e+ - Li

impact energy (eV)

cr
os

s
se

ct
io

n
(1

0−
1
6

cm
2
)

10110010−110−2

40

30

20

10

Figure 1. Total positronium formation cross sec-

tion for e+-Li calculated with the use of the CCC

method [1] along with the experimental [2] and the-

oretical data [3, 4].

In this contribution we report our convergent
close-coupling (CCC) results on positron scatter-
ing from atomic lithium and sodium. In positron
collisions with alkalies both elastic and rear-
rangement channels are open at all incident en-
ergies. This generates a particular challenge for
practical calculations since both centers, atom
and positronium, can participate in a collision
event on equal footing. To take this into account

we use the two-center expansion for the wave-
function of interest

Ψ =
Nα∑

α

Fα(ρα)ψNα
α (rα) +

Nβ∑

β

Fβ(ρβ)ψ
Nβ

β (rβ) (1)

where ψNα
α and ψ

Nβ

β are atomic and positron-
ium pseudostates, respectively, and Fα and Fβ

are their associated weight functions. Decompo-
sition (1) results in a set of close-coupled equa-
tions for the T -matrix elements which we solve
numerically.
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Figure 2. Same as Fig.1 but for e+-Na scattering

along with experimental and theoretical data from

[2] and [5] respectively.

In Figures 1 and 2 we give our Ps formation
results for Li and Na, respectively.
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