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Abstract: A detailed study of positron impact elastic scattering from methane and silane is carried
out using a model potential consisting of static and polarization potentials. The static potential for the
molecular target is obtained analytically by using accurate Gaussian molecular wavefunctions. The
molecular orbitals are expressed as a linear combination of Gaussian atomic orbitals. Along with the
analytically obtained static potential, a correlation polarization potential is also added to construct the
model potential. Utilizing the model potential, the Schrödinger equation is solved using the partial
wave phase shift analysis method, and the scattering amplitude is obtained in terms of the phase shifts.
Thereafter, the differential, integrated and total cross sections are calculated. These cross-section
results are compared with the previously reported measurements and theoretical calculations.

Keywords: model potential; analytic static potential; positron; partial wave analysis; scattering
cross sections

1. Introduction

Studies on positron scattering from atoms and molecules are important due to their rel-
evance in understanding different plasma and astronomical environments [1,2]. Positrons
are produced mainly in the beta decay process from radioactive isotopes or through the in-
teraction of the gamma–rays radiated from radioactive nuclei with matter. Additionally, in
astronomical environments, positron annihilation radiation has been detected from various
directions of the Milky Way galaxy, particularly from its central region [3]. The gamma–rays
from the positron-emitting radionuclide are detected in positron emission tomography
(PET) scanners for determining the metabolic activity through three-dimensional images of
a human body [4]. The positron annihilation spectroscopy (PAS) is widely used in material
science to identify defects, density alterations and displacements within a solid material [5].

In the recent review of Brunger et al. [6], they mentioned the previously available mea-
surements and theoretical calculations and reported the recommended positron-molecule
scattering cross sections. These cross section results are very important in the different
positron transport simulations [7,8]. According to Brunger et al. [6], there are very few
reports on the positron-molecule scattering cross-section results and more experimental
and theoretical studies are required in this direction. Therefore, in the present work, we
study positron impact elastic scattering from methane (CH4) and silane (SiH4) which are
simple symmetrical molecules. Interaction of positrons with these molecules casts light on
the various processes taking places in the plasma and astronomical environments [9–11].
In fact, the scattering cross-section results from such molecules are the basic inputs for the
characterization of their plasma.

There is very little attention paid to positron impact elastic scattering studies from
CH4 and SiH4 molecules, especially for the differential cross section (DCS). The only
experimental DCS results for CH4 are available from Przybyla et al. [12], who performed
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the relative DCS measurements with angular distribution ranging from 30◦ to 135◦ in the
incident positron energy range 4–200 eV. On the theoretical end, a few old calculations from
Jain [13], Jain and Thompson [14,15] and Jain and Gianturco [16] are available for positron-
CH4 scattering. These calculations are based on the optical model potential method
using different polarization and correlation potentials. Out of these calculations, Jain and
Gianturco [16] presented the detailed DCS and integrated cross section (ICS) results from
0.2 eV to 200 eV incident positron energy by employing a parameter-free model polarization
potential within the density function description of the target correlation. Further, there are
no specific experimental results available for ICS; however, a few theoretical calculations
have been reported in the low energy region. Zecca et al. [17] calculated the ICS results in
the energy range of 0.001 eV to 10 eV using the Schwinger multichannel method at both
static and static plus polarization levels of approximation. Franz [18] performed the ICS
calculations up to 10 eV by taking different forms of short-range correlation polarization
potentials. In contrast, for the total cross section (TCS) results, several measurements and
theoretical calculations have been reported in the past. Charlton et al. [19] measured the
TCS for positron-CH4 scattering in the incident positron energy range from 15 eV to 600
eV by using a slow positron beam time of flight (TOF) system. Further, with the minor
modifications in the experimental set up, the same group of Charlton [20] reported TCS
results in the low energy range from 2 eV to 20 eV. Floeder et al. [21] measured the TCS
results in the incident positron energy from 5 eV to 400 eV by producing the low-energy
positrons using a combination of the 22Na positron emitter and tungsten-vane moderator.
Dababneh et al. [22] used a beam transmission technique and carried out the measurements
in the range of 1 eV to 500 eV positron energy. Sueoka and Mori [23] reported the positron
impact total cross section in the energy range varying from 0.7 eV to 400 eV, using a
retarding potential TOF method. Zecca et al. [17] reported the latest TCS measurements for
positron-CH4 scattering in the incident positron energy ranging from 0.1 eV to 50 eV. On
the theoretical side, Jain [24] performed the TCS calculations for 2–600 eV positron energies
by taking three different positronium formation energies and using a local spherically
complex optical potential (SCOP). Further, Baluja and Jain [25] reported the TCS results up
to 5000 eV. Raizada and Baluja [26] calculated TCS using the additivity rule in the energy
range from 10 eV to 5000 eV. Recently, Singh et al. [27] employed a modified spherically
complex optical potential (mSCOP) to calculate the TCS results for CH4 in the incident
positron energy range from the positronium formation threshold to 5000 eV.

There are no experimental DCS results reported for the positron-SiH4 scattering; only
old theoretical calculations of Jain [28], Gianturco et al. [29], and Jain and Gianturco [16]
are available in the literature. However, recently, Barbosa and Bettega [30] performed the
Schwinger multichannel approach calculations to find the DCS and ICS results for positron
scattering from SiH4 in the incident positron impact energies up to 10 eV. Similar to CH4,
there are no specific measurements for the ICS results. Further, only a few results have
been reported for TCS. For example, Sueoka et al. [31] measured the TCS for positron-SiH4
scattering in the 0.7–400 eV incident positron energy range, using a TOF set up with a
retarding potential method (RP–TOF). Besides this experimental work, Baluja and Jain [25]
calculated TCS up to 5 keV, using SCOP formalism. Further, Raizada and Baluja [32]
reported the TCS results using the additivity rule in the energy range from 10 eV to 5000
eV. Sinha et al. [33] calculated the TCS for the 1 eV to 5 keV incident positron energy region
with SCOP formalism.

Recently, we successfully applied our analytical static potential approach to study
the electron and positron impact elastic scattering from some molecular targets [34–36].
In the present work, we extend our method to report the different cross section results
for positron scattering from CH4 and SiH4 in a wide range of incident positron energies
of 1–500 eV. We calculate the charge densities of these molecules by using the STO-6G
Gaussian wavefunction obtained from GAUSSIAN 16 software with the Hartree–Fock
method. Subsequently, the static potential is calculated analytically in a fixed molecular
frame of reference. We construct the model potential consisting of the calculated static
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potential, adding to it the suitable polarization potential. This potential is further used in
the Schrödinger equation to solve the scattering problem by adopting the method of partial
wave phase shift analysis [37,38]. The scattering amplitude in terms of the phase shift is
obtained. Thereafter, the differential and integrated cross-section results are calculated,
utilizing the scattering amplitude in a conventional manner. Additionally, we also add
the imaginary part of the potential, i.e., the absorption potential to the model potential,
and calculate the TCS which takes into account all the inelastic scattering channels. In
our present work, we do not explicitly consider the positronium formation contribution
while calculating TCS. Here, our focus is to study positron-CH4/SiH4 elastic scattering.
In addition, the effect of the positronium formation is known to affect the magnitude and
nature of TCS more only at low incident positron energies.

In the next section, we describe the theoretical methodology adopted, and the results
are presented and discussed in Section 3.

2. Theoretical Methodology

The interaction between the incident positron with the target molecule is similar to
that of electron scattering; only the sign of the interaction potential changes. Additionally,
the exchange part is dropped for positron scattering, as it is only applicable for electron
scattering due to its indistinguishability with the target electrons. At an arbitrary point
r from the center of mass of the molecule, the static potential of the target molecule as
experienced by the projectile positron can be expressed as

Vst(r) =
Z
r
−
∫

ρ(r′)
|r− r′|dr′. (1)

Here, the first term in Equation (1) stands for the nuclear charge distribution, and
the second term is due to the electronic contribution. Here, Z is the total charge of the
target molecule. The molecular electronic charge density p(r′) at point r′ can be written in
terms of the molecular wavefunction by taking its square modulus. Further, the molecular
orbitals are expressed as a linear combination of the Gaussian atomic orbitals. As a result,
the charge density p(r′) can be written as [39]

ρ
(
r′
)
= ∑

i
∑
k,k′

aikaik′ ∑
j,j′

NkjNk′ j′ckjck′ j′χkj
(
r′
)
χk′ j′

(
r′
)
. (2)

Here, aik represents the molecular orbital coefficient, Nkj refers to the normalization
constants and ckj denotes the coefficients of the un–normalized form of the Gaussian
basis function χkj(r′). Here, summations over i and k are, respectively, on the number of
molecular orbitals and the total number of atomic orbitals, while j is over the Gaussian basis
which is taken as 6 in the present case. We obtain the STO-6G Gaussian wavefunction and its
related constants in Equation (2) using the GAUSSIAN 16 software with the Hartree–Fock
method. The choice of taking the STO-6G basis set of the Gaussian wavefunctions provides
quite accurate cross section results as demonstrated in our previous publications [34–36].
However, to check the accuracy of the wavefunction, we can compare our obtained ground
state energies for CH4 and SiH4 molecules with other available reliable calculations. We
find that the ground state energies for CH4 and SiH4 molecules in the present calculations
are −40.11 and −290.21 Hartree, respectively. The corresponding values obtained from
the DFT/B3LYP method with cc–pVTZ basis set [40] are −40.54 and −291.91 Hartree, and
thus show close agreement with our results.

The un–normalized form of the Gaussian basis function χkj(r′) with center at A with
its coordinates Ax, Ax and Ax can be represented as

χkj
(
r′
)
= e−αkj |r′−A|2(x′ − Ax

)mx(y′ − Ay
)my(z′ − Az

)mz . (3)
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Here, mx, my and mz are non–negative integers and αkj is the exponents of the Gaussian
basis function. The values of the exponents and coefficients of atomic and molecular
wavefunctions viz. αij, Nkj, ckj and αkj are taken from our previous paper [39]. Now using
the property of Gaussian multiplication, i.e., the product of the exponential parts of two
orbitals with different centers, A and B can be written as an exponential of the same form
at a center P on the line joining A and B,

χkj(r′)χk′ j′(r′) = e−αkj |r′−A|2

×(x′ − Ax)
mx (y′ − Ay)

my(z′ − Az)
mz

×(x′ − Bx)
m′x (y′ − By)

m′y(z′ − Bz)
m′z

= Ekj,k′ j′ e−α|r′−rP |
2
(x′ − Ax)

mx

×(y′ − Ay)
my(z′ − Az)

mz

×(x′ − Bx)
m′x (y′ − By)

m′y(z′ − Bz)
m′z ,

(4)

where rp is the position vector of P in the molecular frame and can be expressed as

rP =
αkj A+αk′ j′B

αkj+αk′ j′
,

α =
(

αkj + αk′ j′
)

and

Ekj,k′ j′ = e
(−

αkjαk′ j′
αkj+αk′ j′

|A−B|2)
.

(5)

Further, using the expression for charge density as in Equation (2) and expanding the
denominator of Equation (1) and following the property of spherical harmonics, we can
write the spherically averaged static potential over all the orientations of the molecule as

Vst(r) = Z
r −∑

i
∑
k,k′

aikaik′ ∑
j,j′

NkjNk′ j′ckjck′ j′Ekj,k′ j′

×
∫

e−α|r′−rp |2(x′ − Ax)
mx (y′ − Ay)

my(z′ − Az)
mz

×(x′ − Bx)
m′x (y′ − By)

m′y(z′ − Bz)
m′z 1

r> dr′.

(6)

Here, r> is greater than r and r′. In order to evaluate the above integral, we multiply
two different atomic Gaussian orbitals, i.e., two s-orbitals of hydrogen atoms (i.e., H (1s)),
the s-orbital of a carbon or silicon atom (i.e., C (1s22s22p2), Si (1s22s22p63s23p2)), the s-orbital
of H atom with the p-orbital of C or Si atom, or two s-orbitals or two p-orbitals of C or Si
atom. For CH4 and SiH4 molecules, the molecular frame is fixed with the C or Si atom at
the origin and the four H atoms at the positions (a, a, a), (a, −a, −a), (−a, a, −a) and (−a,
−a, a), where the values of ‘a’ are 0.6261 Å and 0.8544 Å for CH4 and SiH4, respectively.
We evaluate Equation (6) in a particular molecular frame of reference using the Euler angle
transformation. The values of the calculated Euler angles are taken from our previous
paper [39].

Along with the spherically averaged static potential, we also include the polarization
effect, which rearranges the charge distribution of the target molecule in the presence of
the incident positron. We uses the expression for the polarization potential

(
Vpol

)
as given

by Jain and Gianturco [16]

Vpol =

{
− α

2r4 ; r > rc

Vco(r) ; r ≤ rc
. (7)

Here, rc is the point where the short–range correlation Vco(r) and long–range dipole
parts cross each other for the first time. α is the polarizability of the target and its value
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is taken to be 16.54 a.u. for CH4 [41] and 32.24 a.u. for SiH4 [41]. The expression for the
short–range correlation potential is taken from Jain and Gianturco [16] as given below

Vco(r) =



−0.91r−1/2
s + [0.00255 ln rs − 0.0575]lnrs + 0.5835; rs < 0.302

−0.461525− 0.04549r−2
s ; 0.302 ≤ rs < 0.56

− 4.3637
(rs+2.5)3 +

−6.5755+0.4776rs
(rs+2.5)2 + 1.43275

rs+2.5 − 0.3149; 0.56 ≤ rs < 8.0

. (8)

Here, rs =
(

3
4πρ(r)

) 1
3 and ρ(r) is the charge density of the target molecule. Thus, the

model potential (Vm) for positron impact elastic scattering can expressed as

Vm = Vst + Vpol . (9)

In the case of TCS calculations, we further add the absorption potential as an imaginary
part in the above equation so that the model potential becomes complex and can be
expressed as

Vm = Vst + Vpol + iVabs. (10)

The expression for the absorption potential Vabs for positron scattering is taken from
Reid and Wadehra [42] and can be written as

Vabs = −ρ(r)vlocσab. (11)

Here, vloc is the local speed of the incident positron and σab is the average binary
collision cross section as expressed below

σab = 4π

(
a0R
εEF

)2


f (1); ε2 − δ ≥ 1

f
(√

ε2 − δ
)

; 1 ≥ ε2 − δ ≥ 0
f (0); 0 ≥ ε2 − δ

. (12)

Here, a0 is the Bohr radius and R is the Rydberg constant. ε =
√

E
EF

, δ = ∆(E)
EF

and

f (x) = 2
3 x3 + 6x + 3ε ln ε−x

ε+x . E and EF are, respectively, the incident positron energy and
Fermi kinetic energy. ∆(E) is an important parameter for positron scattering and for the
absorption potential in the low to high impact energies. We choose it as followed by
Chiari et al. [43],

∆(E) = ∆e −
(
∆e − ∆p

)
e−(

E−∆p
Em ). (13)

Here, ∆e is the first electronic excitation energy of the target molecule and Em is
the energy which the maximum inelastic cross section reaches without considering the
positronium (Ps) formation. In the present case, the value of ∆e is taken to be 10.9 eV
for CH4 [44] and 8.7 eV for SiH4 [44]. ∆p is the positronium formation energy given by
∆p = I − 6.8 eV, where I is the ionization energy of the target molecule. The ionization
energies are 12.61 eV for CH4 [45] and 11.7 eV for SiH4 [45].

The scattering of positrons from CH4 and SiH4 molecule can be described in a non-
relativistic manner using the model potential (Equations (9) and (10)) in the Schrödinger
equation (in atomic units), [

1
2
∇2 + E−Vm

]
Ψ(r) = 0. (14)
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Here Ψ(r) is the total scattering wavefunction. By expanding the wavefunction Ψ(r)
in terms of its partial waves and phase shifts in the usual standard manner and then
substituting in Equation (14), we obtain the following radial equation(

d2

dr2 + k2 − 2Vm(r)−
l(l + 1)

r2

)
ul(r) = 0, (15)

where k is the momentum of positron and ul(r) is the radial wavefunction associated
with the lth partial wave satisfying Equation (15), which can be solved subjecting to the
following asymptotic boundary conditions,

ul(r) ∼
1
k

sin
(

kr− lπ
2

+ δl

)
, for r → ∞ and ul(r) ∼ 0 for r → 0. (16)

Here, δl is the phase shift of lth outgoing partial wave with respect to the free spherical
wave in the presence of the potential. Further, the solution of Equation (15) gives us the
phase shift at each kinetic energy of the incident positron [37,38]. Further, we can express
the scattering amplitude in terms of phase shift by the following expression

f (θ) =
1

2ik

∞

∑
l=0

(2l + 1)
(

e2iδl − 1
)

Pl(cosθ), (17)

where, Pl(cosθ) is the lth order Legendre polynomial. | f (θ)|2 gives differential cross section,
while total elastic integrated (σel) and absorption cross sections (σabs) are finally obtained
by using the following expressions [37,38]

σel =
π

k2

∞

∑
l=0

(2l + 1)
∣∣∣1− e2iδl

∣∣∣2, (18)

σabs =
π

k2

∞

∑
l=0

(2l + 1)
[

1−
∣∣∣e−2Im(δabs

l )
∣∣∣2]. (19)

Here, Im
(

δabs
l

)
is the imaginary part of the complex phase shift δabs

l obtained when
the model potential has the absorption potential included. Further, the total cross section
(σtotal) is obtained by adding the total elastic integrated cross section (σel) to the absorption
cross section (σabs).

3. Results and Discussion
3.1. Positron-CH4 Scattering
3.1.1. Differential Cross Sections

In the present work, we calculated the DCS results for positron-CH4 scattering in a
wide range of incident positron energies from 1 eV to 500 eV. These DCS results are com-
pared with the only available measurement of Przybyla et al. [12] and theoretical calculation
of Jain and Gianturco [16]. The experimental cross-section results of Przybyla et al. [12]
are relative measurements; therefore, we normalized them with our calculated DCS at 90◦

angle to obtain an overall best agreement with the experiment.
In Figure 1a–d, we show our DCS at 1 eV to 4 eV incident positron energies. The DCS

results at 1 eV are compared with the theoretical calculations of Jain and Gianturco [16]
in Figure 1a. We notice that the shapes of the DCS curves are similar, but their positions
of the minimum are slightly shifted from each other. In fact, the polarization potential
is very important to provide the correct information about the position of the minimum
of a DCS curve. However, in both calculations, the polarization potentials are taken to
be the same, and the shift in the position of the minimum of the curves may be due to
the different wavefunctions used in both calculations through which the charge densities
or the static potentials are obtained in the calculations. Further, from Figure 1b,c at 2 eV
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and 3 eV, we observed a similar behavior of the DCS results as seen in Figure 1a, but
the difference in the position of their minimum decreases as the energy increases. At
the incident positron energy 4 eV, the experimental results of Przybyla et al. [12] are
available, while the calculations of Jain and Gianturco [16] were not reported. Therefore,
we compared our DCS results with these measurements [12] in Figure 1d and found a very
good agreement. Additionally, both the DCS curves have their position of minimum very
close to 65◦. This comparison also provides the accuracy of our DCS calculations at low
energies for positron-CH4 scattering.

Figure 1. Differential cross sections for positron-CH4 elastic scattering at incident positron energies
(a) 1 eV, (b) 2 eV, (c) 3 eV and (d) 4 eV. Solid line, present DCS; dashed line, Jain and Gianturco [16];
solid sphere with error bars, Przybyla et al. [12].

In Figure 2a–d, we display our DCS results for 6–10 eV incident positron energies. We
compare them with the calculations of Jain and Gianturco [16] as well as the experimental
results of Przybyla et al. [12] at 6 and 10 eV. Here again, we observe similar kind of
comparisons between the two theoretical results as seen in Figure 1. Further, from the
Figure 2b,d, we see that the present DCS curves show overall good agreement with the
experimental DCS results of Przybyla et al. [12] at 6 and 10 eV with respect to their behavior
as well as the occurrence of the positions of minimum. However, in the scattering angle
range of 40–90◦, we observe that the theoretical calculations of Jain and Gianturco [16]
show better agreement with measurements.
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Figure 2. Differential cross sections for positron-CH4 elastic scattering at incident positron energies
(a) 5 eV, (b) 6 eV, (c) 7 eV and (d) 10 eV. Solid line, present DCS; dashed line, Jain and Gianturco [16];
solid sphere with error bars, Przybyla et al. [12].

The present DCS for 15, 20, 30 and 50 eV incident positron energies are shown and
compared with the measurement of Przybyla et al. [12] and the theoretical calculation of
Jain and Gianturco [16] in Figure 3a–d. We see from Figure 3a that our DCS results for
15 eV are in very good agreement with the experimental results of Przybyla et al. [12] with
a similar minimum position around 35◦. A very similar nature of the comparison can be
noticed for 20 eV in Figure 3b. At 30 eV, our results, as shown in Figure 3c, are also in good
agreement with the measurement [12], except in the 40–70◦ angular range, where these
are slightly higher than the measurements [12]. From Figure 3d, we find that our DCS
at 50 eV shows overall better agreement with the measurements [12] as compared to the
other calculations [16], which show somewhat higher cross sections in the near forward
scattering angles.

The comparison of our DCS results with experimental [12] and theoretical results [16]
at 100, 200, and 300–500 eV energies is shown through Figure 4a–c. We find excellent
agreement between the present DCS results and the measurement [12] at 100 and 200 eV as
shown in Figure 4a,b respectively. Our DCS results also agree well with the calculations
of Jain and Gianturco [16] at 200 eV. We find from all the DCS results presented through
Figures 1–4 that the minimum of the cross-section curves shift toward the lower angles and
DCS curves fall off at a slow pace as the energy increases.
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Figure 3. Differential cross sections for positron-CH4 elastic scattering at incident positron energies
(a) 15 eV, (b) 20 eV, (c) 30 eV and (d) 50 eV. Solid line, present DCS; dashed line, Jain and Gianturco [16];
solid sphere, Przybyla et al. [12].

Figure 4. Differential cross sections for positron-CH4 elastic scattering at incident positron energies
(a) 100 eV, (b) 200 eV and (c) 300–500 eV. In (a) and (b); Solid line, present DCS; dashed line, Jain and
Gianturco [16]; solid sphere, Przybyla et al. [12].
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3.1.2. Elastic Integrated and Total Cross Sections

We also calculate the elastic ICS and TCS results for positron-CH4 scattering in the
incident positron energy range from 1 eV to 500 eV. In Figure 5a, we show our elastic ICS
results in the entire energy range, and we compare these with the theoretical calculations
of Jain and Gianturco [16], Zecca et al. [17] and Franz [18] available in the range of up to
10 eV only. All the calculations show deviations up to 10 eV, which may be either due
to the difference in the methods of calculations or the utilized charge densities obtained
from different wavefunctions. The cross sections reported in [16] have smaller values in
comparison to our results, except at 10 eV. The calculated ICS results of Zecca et al. [17] also
have lower cross sections than the present results but the nature of the curve is very similar.
However, the ICS results of Franz [18] are higher than all the cross sections reported.

Figure 5. (a) Elastic integrated and (b) total cross section for positron-CH4 scattering as a function of
incident positron energy. In (a); solid line, present ICS; dashed line, Jain and Gianturco [16]; dashed
dot line, Zecca et al. [17]; dashed double dot line, Franz [18]; in (b); solid line, present TCS, dashed
dot line, Baluja and Jain [25]; dashed line, Singh et al. [27]; open star, Zecca et al. [17]; solid sphere
Charlton [19]; solid up triangle Charlton [20]; open solid sphere, Floeder et al. [21]; open diamond,
Dababneh et al. [22]; solid square, Sueoka and Mori [23].

The present TCS results for positron-CH4 scattering are shown in Figure 5b, and these
are compared with the measurements of Charlton et al. [19,20], Floeder et al. [21], Dababneh
et al. [22], Sueoka and Mori [23] and Zecca et al. [17], and the theoretical calculations of
Baluja and Jain [25] and Singh et al. [27]. Below the positronium formation energy (i.e.,
5.81 eV), the experimental results have different values and are not in agreement among
themselves. In this region, our TCS results are in good agreement with the measurements
of Dababneh et al. [22], and Sueoka and Mori [23]. The measurements of Charlton [20]
are lower than the present TCS results, whereas those of Zecca et al. [17] are somewhat
higher. In fact, Zecca et al. [17] measured the cross sections with the angular resolution
of ∼4◦ with an estimated energy-dependent angular distribution varying from ∼17◦ at
1 eV to 5.4◦ at 10 eV positron energy. Thus the experimental results of Zecca et al. [17] are
more accurate in comparison with the previously available other measurements, where the
angular resolutions were relatively smaller. Above the positronium formation energy, our
TCS results are in very good agreement with all the measurements [17,19–23] except in the
energy region from 10 eV to 30 eV, where these are slightly higher. On comparison with the
theoretical calculations of Singh et al. [27], we see that our TCS results are in overall good
agreement with only small differences, whereas the TCS results of Baluja and Jain [25]
have lower cross sections below 30 eV, but match with our results as the energy increases.
This may be due to the different absorption potentials taken in these calculations [25] as
compared to ours.

Overall, we can say that all our results for DCS, ICS and TCS are in reasonable
agreement with the previously reported measurements and calculations for the positron-
CH4 scattering in a wide range of incident positron energy from 1 eV to 500 eV.
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3.2. Positron-SiH4 Scattering
3.2.1. Differential Cross Sections

Figure 6a–d exhibits our present DCS results at positron-SiH4 scattering from 1 eV to
4 eV incident positron energies and their comparison with the theoretical calculations of
Jain and Gianturco [16] and Barbosa and Bettega [30]. The DCS curves from all the three
calculations show similar behavior as well as positions of the minimum, almost at the
same angle. As far as the magnitude of the cross sections is concerned, the calculations of
Barbosa and Bettega [30] are higher, while those of Jain and Gianturco [16] are lower than
the present DCS results.

Figure 6. Differential cross sections for positron-SiH4 elastic scattering at incident positron energies
(a) 1 eV, (b) 2 eV, (c) 3 eV and (d) 4 eV. Solid line, present DCS; dashed line, Jain and Gianturco [16];
dashed dot line, Barbosa and Bettega [30].

We show our DCS results at 5–8 eV energies in Figure 7a–d. From these figures,
we find that our results are in overall agreement with the calculations of Barbosa and
Bettega [30], except at the near forward scattering angles, where our DCS results are higher.
Figure 7a also includes the available results of Jain and Gianturco [16] for comparison and
shows that they are not in good agreement with the present DCS calculations.

There are no other theoretical or experimental results available for the positron scat-
tering from SiH4 at intermediate and higher energies for comparison. Since our results
for CH4 at higher energies, as presented above, compare with the available experimental
results in a favorable manner, it would be worthwhile to also present similar results for
SiH4 so that these are available for future comparison purposes. We show our DCS results
for SiH4 in the intermediate (10–50 eV) and high (100–500 eV) energy regions in Figure 8a,b.
We observe the following general features here, i.e., the minimum position of the DCS
curves shift toward the forward angles as the energy increases, and at higher energies the
DCS curves fall off smoothly with respect to the scattering angles. Although the reason
for this shift of the minimum is not very clear to us, this effect may be attributed to the be-
havior of the polarization potential [16] as pointed out from the similar positron-molecule
scattering calculations.
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Figure 7. Differential cross sections for positron-SiH4 elastic scattering at incident positron energies
(a) 5 eV, (b) 6 eV, (c) 7 eV and (d) 8 eV. Solid line, present DCS; dashed line, Jain and Gianturco [16];
dashed dot line, Barbosa and Bettega [30].

Figure 8. Differential cross sections for positron-SiH4 elastic scattering at incident positron energies
(a) 10–50 eV and (b) 100–500 eV.

3.2.2. Elastic Integrated and Total Cross Sections

In Figure 9, we display our elastic ICS and TCS results for positron-SiH4 scattering
at the incident positron energies from 1 eV to 500 eV. There are no experimental results
available for ICS; therefore, we compare in Figure 9a the present elastic ICS results with the
theoretical results of Jain and Gianturco [16] and Barbosa and Bettega [30] that are available
up to 10 eV. We see a perfect agreement of our results with the theoretical calculations of
Barbosa and Bettega [30]. Further, all the theoretical ICS curves show a similar nature,
but the results of Jain and Gianturco [16] have lower magnitude of the cross section than
the other two calculations. This difference can also be traced back to the DCS results
comparisons as shown in Figures 6 and 7, where the DCS results of [16] also show a lower
cross section, especially in the forward direction. We report our ICS calculations up to
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500 eV incident positron energies for the sake of future comparisons, in case further studies
are performed theoretically or experimentally in this energy range.

Figure 9. (a) Elastic integrated and (b) total cross section for positron-SiH4 scattering as a function of
incident positron energy. In (a); solid line, present ICS; dashed line, Jain and Gianturco [16]; dashed
dot line, Barbosa and Bettega [30]; in (b); solid line, present TCS; solid sphere, Sueoka et al. [31];
dashed line, Baluja and Jain [25]; dashed dot line, Raizada and Baluja [32]; dashed double dot,
Sinha et al. [33].

In Figure 9b, the present TCS results are shown in the energy range from 1 eV to
500 eV and compared with the measurements of Sueoka et al. [31] and the theoretical
calculations of Baluja and Jain [25], Raizada and Baluja [32] and Sinha et al. [33]. Below the
positronium formation energy (i.e., 4.9 eV), our TCS results have lower magnitude than
the experimental results [31]. Beyond the positronium formation energy, our results lie
almost within the error considerations of the measurements [31], whereas the theoretical
calculations [25,32] show lower cross sections below 30 eV and above 100 eV than the
present results as well as the measurements [31]. On comparison with the calculations of
Sinha et al. [33], we find that their results are somewhat higher than the present TCS.

Since there are very few experimental and theoretical results available for positron-
SiH4 scattering, we show the comparison of our calculated DCS, ICS, and TCS results,
wherever possible. We find reasonably good agreement with the previously reported
measurements and calculations.

4. Conclusions

We presented a detailed study of positron impact elastic scattering from CH4 and SiH4
molecules in a wide range of incident energies from 1 eV to 500 eV. We obtained the static
potential for CH4 and SiH4 molecules analytically, utilizing the Gaussian wavefunctions. A
model potential consisting of static and polarization potential was constructed to study
the scattering problem. Further, using the model potential, the Schrödinger equation
was solved with the partial wave analysis method to obtain the scattering amplitude and
phase shifts with which the DCS and ICS results were calculated. Further, the absorption
potential was added to the model potential to include the inelastic part in the scattering
process. Thereafter, the TCS results, that have both the inelastic and elastic components
included, were obtained for positron-CH4/SiH4 scattering. Where possible, we compared
our present cross section results with the available experimental and other theoretical
results and found quite good agreement. More experimental and theoretical studies are
needed for the positron-CH4/SiH4 scattering in future to verify the present cross section
results, especially for SiH4. Thus, we successfully applied our analytical static potential
approach to describe the positron scattering elastic scattering from CH4 and SiH4 molecules
in the present work. We feel that our present method can be further extended and applied
to more complex molecules.
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