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Introduction

Positron molecule scattering is a delicate phenomenon to consider theoreti-
cally. Unlike electron molecule scattering, there is no need for an exchange
potential, since the positron is distinguishable from the molecular electrons.
This is very convenient in order to solve the scattering equations. However,
it makes the interaction potential very sensible to relatively small variations
in the polarization potential. So, a well-determined polarization potential
is central for the determination of good cross sections curves for collisions
between positrons and molecules.

In order to account the short range polarization, the PCOP model was de-
veloped [1], using the correlation of a positron in a free electron gas, modeled
by [2]. So, in PCOP model, the short range polarization is described as
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and we do not worry about the 8.0 ≤ rs ≤ ∞ region, as

it is beyond the point where Vcor(r) crosses Vpol(r). Then, the polarization
interaction Vcor−pol(r) in any position is

Vcor−pol(r) = Vcor(r) r ≤ rc

Vcor−pol(r) = Vpol(r) r ≥ rc

where rc is the crossing point between Vcor(r) and

Vpol(r) = − α0

2r4
.

Once determined the polarization potential, the interaction potential be-
tween positron and molecule is well determined, since the interaction is

V (r) = Vcor−pol −
∑

i

1

|~ri − ~r| +
∑

j

Zj

| ~Rj − ~r|

and the problem is just solve the scattering equation in order to obtain the
scattered positron wave function, i.e., solve the Lippmann-Schwinger equa-
tion

|ψ〉 = |u〉 +G0U |ψ〉 .

In order to perform such a task, we used the Method of Continued Fractions
[3] which iterative and, in the N th iteraction, the LS equation is

|ψN〉 = |uN〉 + |ψN+1〉
〈uN |U (N) |uN〉

〈uN |U (N) |uN〉 − 〈uN |U (N) |ψN+1〉
with

|uN+1〉 = G0U
(N) |uN〉

|ψN+1〉 = |uN+1〉 +G0U
(N+1) |ψN+1〉
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Figure 1: Correlation polarization potential, obtained using the PCOP model. Note

that rc (see text) is in about 3 a0.

The calculations for CH4 molecule begin with the polarization interaction
potential determination, which is represented in figure 1. Note in that figure
that rc is in about 3 a0, which is beyond the radial point where are the
hydrogen atoms (RCH =1.0837 a0).

e+ − CH4 cross sections

The method found the scattered positron wave function in no more than 6
iterations. With that, the cross sections were determined and compared with
those in [4, 5, 6]. In figure 2, we show the Integral Cross Sections compared
with theoretical and experimental data.
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Figure 2: Integral cross section (ICS) for e+ − CH4 scattering. Note the minimum at

about 0.8 eV in the present results that do not exist on data [4]. No theoretical result

agree with the experimental values.

The present work shows a minimum in the ICS, that is absent in the oter
calculation. Considering other cross sections obtained with the PCOP model
[7], we expected the existence of the minimum, as CH4 is an apolar molecule
and there is no dipole interaction to hide possible imprecisions in the PCOP
model. In order to obtain more information about the difference of the cal-
culations, we show the Differential Cross Section (DCS) for a incident energy
of 0.8 eV .
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Figure 3: Differential cross section (DCS) for a incident positron with 0.8 eV . Blue

line represents the present work, and the red line is from reference [4].

In the DCS’s there is a clear difference in the position of the minimum.
The magnitudes of the cross sections are almost equal, considering all angu-
lar region, but the point of the minimum define the difference in the ICS.
There is no experimental data to compare, so there is no way to know which
minimum is closest to real position.

 0.01

 0.1

 1

 10

 0  20  40  60  80  100  120  140  160  180

D
C

S
 (

10
-1

6 cm
2 )

Angle (degrees)

Present work
Gianturco [4]
Przybyla [8]

Figure 4: Differential cross section (DCS) for a incident positron with 6.0 eV . Blue

line represents the present work, the red line is from reference [4] and the points are the

experimental data from reference [8].

In figure 4 we show the DCS for a positron with energy equal to 6 eV ,
and observe again a distinction between the theoretical cross sections. The
experimental data from reference [8] are normalized to DCS(90) value of
reference [4]. Again the minimum of the present work is shifted to the low
angle region, but now can be compared to experimental values. The results
from reference [4] agree better with the experiment in a qualitative way, since
the points are normalized, but no theoretical data reproduces the position of
the minimum or the low angle behavior. In reference [4] there is a mention
about the discrepancy theory and experiment, which occurs at low angle
region, justified by tha fact that the polarization is fundamental to describe
the cross sections in this angular region, and the short range polarization
should be better described in order to obtain cross sections that agree better
with the experimental data.
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Figure 5: Differential cross section (DCS) for a incident positron with 10.0 eV . Blue

line represents the present work, red line is from reference [4] and the points are the

experimental data from reference [8].

The same discussion made on figure 4 can be made on figure 5. The behavior
of the theoretical results are equivalent for incident energies of 6 and 10 eV .
The only difference is that the low angle behavior becomes more explicit, as
the divergence of the minima is more clear, for all three data.

Conclusions

We presented the integral and differential cross sections for positron methane
scattering at low energies (1-10 eV ) obtained with PCOP model, and com-
pared with other results of the literature, theoretical and experimental. We
see clearly that the PCOP model presents a disability in the determination
of the polarization potential, and improvements are necessary in order to
determine low angle corss sections more accurately.
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