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Abstract
Differential and integral cross-sections, as well as the alignment and lambda parameters for positron impact
excitation of the lowest autoionizing state of potassium atom, have been calculated using a non-relativistic
distorted wave method in the energy range of 18.9–1500 eV. The distortion potential in the initial and ﬁnal
channel state comprises a linear combination of static potential plus polarization and absorption potentials.
The approximate Roothan-Hartree–Fock (RHF) wavefunctions Multi zeta wave functions given by
Clementi and Roetti have been used. The inclusion of polarization and absorption potentials has improved
integral cross-section and alignment parameter results. The integral cross sections have shown the nearthreshold resonance structure revealed in electron impact excitation experimental results. Differential crosssection and lambda parameter results have been calculated and presented for future comparison since there
are no other results available in the literature for positron impact excitation.

1. Introduction
Electron scattering from atoms and molecules has remained the focus of atomic collision physics for most of the
last century. Currently, there is an increased focus on positron (anti-matter of electron) scattering from these
systems. Early theoretical studies into positron-atom scattering have seen a tremendous boost with the
exceptional computational power that has been available in the last three decades [1–3]. Experimental data on
positron-atom scattering is also expanding with the availability of mono-energetic positron beams that were ﬁrst
developed by Costello et al [4].
Investigations of the scattering of positrons by atoms have gained signiﬁcant importance because the
positron being a positively-charged probe offers a more sensitive test of our ability to understand atomic
interactions than the electron does [5, 6]. In recent decades, positron scattering from alkali atoms has triggered
considerable involvement of both experimentalists and theoreticians due to their intriguing features such as low
ionization potential and high polarizability [7, 8]. Furthermore, the alkali atoms are interesting constituents of
the stellar atmosphere and other plasmas because of the presence of resonance lines in the visible or UV part of
the electromagnetic spectrum [9, 10]. In addition, the alkali atoms have a comparatively simple electronic
structure with the outermost shells consisting of a single electron. To a certain degree, they can be viewed as an
approximate one-electron atom and can adequately be described using Hartree–Fock approximation [8, 11].
An additional importance of positron scattering derives from the fact that it involves interactions of matter with
antimatter which have possible applications in the astrophysical arena [12, 13]. Moreover, positrons are crucial for the
development of several applications and technological ﬁelds as discussed by Charlton and Humberston [14]. For
example, in plasma science, positrons are slowed down and accumulated using the positron accumulation experiment
(PAX) [15] to increase the pair plasma density in the positron-electron experiment (APEX) [16] which conﬁnes
electron-positron plasmas. Also, material sciences use positron annihilation lifetime spectroscopy (PALS) to analyze
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and study crystal defects [17]. Furthermore, Medical science utilizes positron emission tomography (PET) scanners in
the diagnosis of cancer, heart problems, and certain brain disorders [18].
In addition to the above-mentioned applications, different numerical codes have been used for
characterizing the charged particle transport in biological matter. Some examples of numerical codes used
include PENELOPE(PENetration and Energy LOss of Positrons and Electrons) [19], GEANT, GEANT3, and
GEANT4 (GEometry ANd Tracking) [20]. Most of the uses of positrons discussed above depend on a
quantitative understanding of the basic interactions of positrons with matter. The interaction of positrons with
atoms and molecules is a cornerstone of this knowledge [6]. The positron impact scattering cross-section data
over a broad energy range are thus in demand to be used in such applications and simulations [8].
This study is stimulated by the fact that in most calculations done on the excitation of the lowest autoionizing
state of potassium, an electron is used as the projectile. Also, despite the progress in positron beam experiments,
no much attempt has been made in the positron impact excitation of autoionizing states of alkali atoms which is
of fundamental importance. So far, there is no experimental study done on the lowest autoionizing state of
potassium using positron impact excitation. On the side of theory, the only theoretical results available are for a
similar study which was done by Pangantiwar and Srivastava [21] hence no other results on positron impact to
compare with. It is therefore interesting to see how the use of different distortion potentials and the multi-zeta
wave functions affect the results for positron impact. The availability of results for both electron and positron
impact will give a better understanding of the dynamics of excitation of autoionizing state of potassium. It would
also expand the results database for theoretical calculations of positron impact excitation of alkali atom.
The difﬁculty of the measurement of the excitation cross-section makes it necessary to develop a theoretical
method reliably applicable to various collision systems [22]. The distorted wave method (DWM) has been
chosen as the method of study in this case because it is a high energy approximation method that has been quite
successful in explaining the various features of the excitation process. It also provides results that are in good
agreement with the experimental data at intermediate and high impact energy excitation [23, 24]. The distorted
wave method is less expensive computationally as compared to other reliable theories like R-matrix and closecoupling methods [24]. However, it cannot be assumed that a method appropriate for electron scattering
necessarily works well for positron since in positron collisions with atoms, the exchange between particles is
absent and a rearrangement channel called positronium formation is present. The alkali atoms are unique in that
the positronium formation channel is open even at zero energy. This is because alkali atoms have an ionization
potential that is lower than the binding energy of positronium, that is, 6.8eV [14].

2. Theory
2.1. Transition matrix
The excitation process of potassium atom by positron is shown below in equation (1) whereby an electron is
excited from 3p state to 4 s state.
e + + K [np6 (n + 1) s ]2 S1 / 2 ⟶ e + + K * [np5 (n + 1) s 2]2 P1 / 2,3 / 2

(1)

Here, the excitation process is considered to involve one atomic electron. We treat the alkali as one-electron
atoms. That is the valence electron is considered to move in a ﬁxed effective potential (frozen-core
approximation) [25]. In the distorted wave method with two-potential approach, the transition matrix for the
excitation of a one-electron system from an initial state i to a ﬁnal state f by the impact of the positron in the
absence of exchange is given as [26];
Tif = ác-f (ro) yf (r1)∣V (ro, r1)∣c+
i (ro ) yi (r1)ñ

(2)

The positron-atom interaction potential V(ro, r1) is given as;
V (ro, r1) =

Zp
ro

-

Zp
ro1

(3)

where; ro and r1 are the position vectors of the incident positron and atomic electron undergoing the transition
relative to the target nucleus taken as the origin of the center of mass respectively. ro1 is the column vector
between the positron and the target electron. Here Zp is the charge of the incident particle and is taken as +1 for
positron. ψi and ψf are properly anti-symmetrized initial and ﬁnal atomic wave functions for the isolated atom.
Roothan- Hartree–Fock (RHF) multi-zeta atomic wave functions as given in the Clementi and Roetti [27] tables
were used in order to evaluate the transition matrix outlined above in equation (2). A multi-zeta function is an
approximate RHF function in which a given electron orbital is described by many slater functions [27].
χi and χf in equation (2) are the scattered positron distorted wave functions in the initial and ﬁnal channels
respectively with the wave vectors ki and kf. The distorted wave functions can be obtained by solving the
following equations:
2
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⎛1 2
1 2 ⎞⎟ +
⎜  + U ki c = 0
i
o
⎝2
2 ⎠ i

(4)

⎛1 2
1 2 ⎞⎟ ⎜  + U kf c = 0
f
⎝2 o
2 ⎠ f

(5)

Here the (+) and (−) superscript indicates the outgoing and incoming wave boundary conditions respectively.
Ui and Uf are the distorting potentials in the initial and ﬁnal channels respectively. The distortion potentials are
clearly discussed in the next section.
To evaluate the scattering amplitude, the distorted waves c+
and c-f shown in equations (4), (5) are ﬁrst
i
expanded in terms of partial waves [26] as follows:
2 1
p ki r

∣c+
i ñ =

2 1
p kf r

∣c-f ñ =

r Y lm *(kˆi )
å i l cl (ki , r ) Ylm (ˆ)
i

(6)

r Y l f f *(kˆf )
(ˆ)

(7)

i

i

i

i

i

l i mi

å i l c*l (ki , r ) Yl

mf

f

l f mf

f

f

m

Here, Ym
l ʼs are spherical harmonics. In the expansion of equation (7) the radial distorted wave is taken as a
complex conjugate so that it satisﬁes the incoming wave boundary conditions. Using equations (6) and (7) in (4)
and (5) respectively, it is seen that the radial distorted waves are solutions of the differential equation:
⎛ d2
⎞
l (l + 1)
- Us (r ) + ks2 ⎟ cls (r ) = 0
⎜ 2 - s s 2
⎝ dr
⎠
r

(8)

The radial distorted wave equations are solved by using the Numerovʼs method [26]. Here s = i for the initial
state and s = f for the ﬁnal state distorted waves. In the asymptotic region, they satisfy the boundary condition;
lim cls (ks , r ) = jls + al ( - h ls + ijls )

r ¥

(9)

here,jl and ηl are regular and irregular Ricatti-Bessel functions [28], while al = exp (idl ) sin (dl ) where δl is the
elastic scattering phase shift.
2.2. Distortion potentials
In this study, the full distortion potential for positron and electron impact excitation in both channels is given by
equations (10), (11) below respectively,
Ui

f

= Vist f (r ) + V pol (r ) + iV abs (r )

(10)

= Vist f (r ) + V pol (r ) + iV abs (r ) + V exc (r )

(11)

With the distortion potential in this form, the distorted-wave functions given in equations (4), (5) incorporates in it the
distortion of the projectile by the static ﬁeld of the target, distortion due to the polarization of the target, and the effect
of contribution due to the absorption of incident projectile ﬂux from the channels. It also takes into account the effect
of the exchange of the projectile electron with the bound electrons of the target atom (for electron impact excitation).
In the initial channel distortion potential, the static potential (Vist (r )) is taken as the static potential of the
target atom in its initial state while in the ﬁnal channel distortion potential V fst (r ) is a simple average of target
atom static potentials in its initial and ﬁnal states [29]. That is;
Vist (r ) = áyi∣V ∣yiñ
1
1
V fst (r ) = áyi∣V ∣yiñ + áyf ∣V ∣yf ñ
2
2

(12)
(13)

The reason for taking the above choice is that when the projectile positron is in its initial state, it sees’ the initial state
static potential of the target atom for all the time it is in its ﬁeld. However, when the energy of the projectile positron is
transferred to the target atom, it takes time (relaxation time) for the atom to go to its ﬁnal state. That is, there is a time
lag between the time of transfer of energy and the instant when the atom reaches the ﬁnal state. Thus, the projectile in
its ﬁnal state sees’ a potential which is intermediate between the initial and ﬁnal-state static potentials of the target [29].
The static potential of the target atom is obtained by averaging over the motion of the target electrons written
as [30];
V st (ro) =

Ze p
ro

-

Z

å e p ò ∣Y(r1, r2  ,rZ )∣2 ´
i=1

1
dr1  drZ
∣ro - ri∣

(14)

where; Z is the nuclear charge of the target atom and ep is the projectile charge. Ψ(r1, r2 L , rZ) is the
antisymmetrized Hartree–Fock wave function of the target and is expanded in terms of the Slater-type orbitals:
3
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M

Flp = å A (l , p , i ) r n ( p, i ) - 1 exp [ - z ( p , i ) r ] Y lm (^
r)
i=1

with,

º flp (r ) Y lm (^
r)

(15)

A (l , p , i ) = C (l , p , i ){2[n ( p , i )]!}-1 / 2 [2z ( p , i )]n ( p, i ) + 1 / 2

Here, C(λ, p, i), ζ(p, i) and n(p, i) represent the orbital expansion coefﬁcient, orbital exponents of multi-zeta
function, and principal quantum number for the given orbital respectively. Their values were obtained from the
table of basis functions and their coefﬁcients by Clementi and Roetti [27]. The basis functions fλp(r) in
equation (15) are slater orbital with the radial component. The static potential is thus given by the relation [30];
V st (r ) = e p

N l-1

M

M

⎡s

å å Nl p å å a exp( -zr ) ⎢⎣ r

l=1 p=0

i= 1 j= 1

+

v-2

⎤

å mr t ⎥⎦

(16)

t =0

Here;

v = n ( p , i) + n ( p , j ) ,
z = z ( p , i) + z ( p , j ) ,
a = A ( l , p , i ) A ( l , p , j ) v! ,
s = z -v - 1 and
1 (t + 1)! - 1 (t!v )
m=
zv-t
where; i, j, and t are integers. N is the number of occupied shells in the atom and Nλp is the number of electrons in
the orbital (λ, p ). M in equation (16) is the number of slater orbitals obtained from Clementi and Roetti [27] tables.
The model of absorption potential used in this study is based on the quasifree-scattering model with Pauli
blocking. The absorption potential for impact energy E at a point 
r is as shown below [31];
1
V abs (
r , E ) = Uloc r (r ) sb
(17)
2
where; Uloc (
r , E ) = [2 (E - V SE )]1 2 is the local speed of the incident projectile, ρ(r) is the electron charge
density of the target atom and V SE (
r , E ) is the static plus exchange potential (for positron impact there is no
exchange). sb (
r , E ) is the average binary collision cross-section obtained by averaging the Rutherford cross1
sections (with a semi-classical correction factor that approximately accounts for the effect of exchange) over a
2
free electron gas of density ρ(r) subject to the constraints.
(k ¢)2  a

(18)

b

(19)

( p¢

)2

where k ¢ and p¢ are the ﬁnal momenta of the target electron and the projectile particle after the collision. The
constraints provided by equations (18), (19) on k ¢ and p¢ were chosen to account for the Pauli exclusion
principle. The average binary collision cross-section has the below-mentioned form [31].
⎧ 32p 2Nk
⎪
p 2  a + b - kF2;
2 ( f1 + f2 ) ,

sb ( r , E ) = ⎨ 15p
⎪
p 2 < a + b - kF2
⎩ 0,

(20)

where,
Nk (
r )=

3
4pkF2
p (E ) = (2E )1

2

k 3 [5( p 2 - b ) + 2kF2]
5kF2
- F
2
( p 2 - b )2
(a - kF )
⎧ 0,
p2 > a + b
⎪

f2 ( r , E ) = ⎨ 2(a + b - p 2 )5 2
, p2  a + b
⎪
⎩ ( p 2 - b )2
k (
r ) = (3p 2r )1 3
f1 (
r , E) =

F

a (
r , E ) = kF2 + 2D
b (
r , E ) = kF2

The quantities Nk (
r ) and kF are the momentum state density per target electron and Fermi wave number(or
momentum) corresponding to the target electron density ρ respectively. Δ is the energy gap between the target
4
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ground-state energy and the ﬁnal energy of the originally bound target electron. V abs (
r , E ) must be zero below
it and a non zero above it. It is considered to be the positronium formation threshold (EPs). In the case of positron
scattering from alkali-metal atoms EPs is zero and in order to apply the quasi-free model to positron scattering
from alkali-metal atoms, we set Δ equal to the lowest non-zero inelastic threshold, which is the excitation
thresholds for our target. The appropriate value for our target is, Δ = 1.62 eV [32]. The absorption potential
takes into account various inelastic processes such as positronium formation as well as excitation and ionization
of the target by positron impact [5]. The polarization potential used is of Buckingham type used by Nahar and
Wadehra [30] and it takes the form;
V pol (r ) =

-ad r 2
2 ( r 2 + d 2) 3

(21)

Where αd is the static dipole polarizability of the atom and d is the energy-dependent adjustable parameter. For
neutral potassium atom, ad = 289.7ao3 as given by Schwerdtfeger and Nagle [33]. Energy-dependent adjustable
parameter was used at some low impact energies. The d values were determined by ﬁtting the present electron
impact excitation integral cross-sections with the electron impact excitation experimental values at a particular
energy. The same value of d was then used for positron impact excitation calculations at that energy. The
polarization potential describes the behavior of the target atom when the projectile is within the interaction
region [34]
For the electron impact excitation calculations in this work, a semi-classical exchange potential of (Furness
and McCarthy) [35] given below was used:
V exc (r ) =

1
1
[E - V st (r )] - {[E - V st (r )]2 + 4pao eo e 4r (r )}1 / 2
2
2

(22)

which is directly derived from the formal expression of the non-local exchange interaction by using a WKB-like
approximation for the wave functions. Here ao is the Bohr radius and E is the incident electron energy.
2.3. Cross-sections and angular correlation parameters
The differential cross-sections summed over the magnetic sub levels are obtained using the relation;
⎛ ds ⎞
kf
⎜
⎟
= 4p 4
⎝ d W ⎠3p  4s
ki

1

å

∣T3p  4s∣2

(23)

m =-1

¢ (q, f )) are related to their scattering amplitude ( fm (q, f )) as
The angle-resolved differential cross-sections (s m
given below;
s ¢ (q , f ) =

kf
ki

∣ fm (q , f)∣2

(24)

with the scattering amplitude directly connected to the transition matrix using the relation [26];
fm (q , f) = - 2p 2Tif (m)

(25)

The total cross-sections (σ ) are the probability of scattering per unit incident ﬂux and are obtained by summing
differential cross sections at all solid angles as shown in the relation below;
s=

2p

ò0 ò0

p

ds
sin qdqdf
dW

(26)

For high impact energies, a sufﬁcient number of partial waves were used to ensure that the cross-sections are well
converged.
Angular correlation parameters between the scattered positron when the atom is excited from np → (n + 1)s
state and the emitted photon from transition (n + 1)s → np after excitation, are determined in order to obtain
details regarding the population of magnetic sub-states. Compared to the integral and differential cross-sections,
the study of angular correlation parameters provides a much deeper and more detailed insight into the dynamics
of atomic collision processes [36]. The lambda parameter (λ ) is important in predicting the phases of the
amplitude of different scattering angles and it is calculated using the relation [37];
l=

s ¢o (q , f)
,0l1
s ¢o (q , f) + 2s1¢ (q , f)

(27)

where, s ¢o (q, f ) and s1¢ (q, f ) are the differential cross sections for transition with m = 0 and m = 1 respectively.
The anisotropy parameter β or the A2 alignment parameter of the autoionizing excited state
A*[np5 (n + 1) s ]2 P1 2,3 2 is such that; β = A2 = − A20 [38]
5
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A20 =

s (np1) - s (npo)

(28)

s (npo) + 2s (np1)

Here, σ(npm) is the total cross-section of an npm electron excited to a (n + 1)s state

3. Results and discussion
In this study, the distorted wave method has been used to calculate integral cross sections, differential cross
sections, alignment parameter, and lambda parameter for positron impact excitation of the lowest autoionizing
state of potassium (3p5 4s 2)2P. A non-relativistic Schrödinger equation that does not resolve the ﬁne structure
effects was solved. The calculations were done for positron impact energies ranging from 18.9 eV to 1500eV for
different distorting potentials. That is, static potential only, static plus absorption potentials, static plus
polarization potentials, and static plus absorption plus polarization potentials. For the sake of meaningful
comparison, we calculated electron impact excitation results for all the parameters. In the present electron
impact excitation results we used a distorting potential which comprised of; static, absorption, polarization, and
exchange potentials. Our results are compared amongst themselves and with experimental and theoretical
results available in the literature where applicable.
3.1. Integral cross-sections
The present integral cross sections for positron impact excitation of the lowest autoionizing state of the
potassium atom are calculated using different distorting potentials as given in table 1. Present electron impact
Table 1. Present integral cross-section results in pao2 for positron (using different distortion
potentials) and electron impact excitation of the lowest autoionizing state of potassium.
Energy
(eV)

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

18.90
18.95
19.00
19.10
19.20
19.30
19.40
19.50
19.70
19.90
20.00
20.10
20.50
20.60
21.00
22.00
25.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.0
110.0
120.0
150.0
200.0
250.0
300.0
400.0
500.0
700.0
1000.0
1500.0

1.6120E-04
2.4660E-04
3.2440E-04
4.9580E-04
6.8700E-04
8.7280E-04
1.0900E-03
1.2900E-03
1.7600E-03
2.2300E-03
2.4900E-03
2.7300E-03
3.7800E-03
4.0400E-03
5.1500E-03
7.9500E-03
1.5970E-02
2.6460E-02
3.8570E-02
4.3910E-02
4.6020E-02
4.6510E-02
4.6080E-02
4.5270E-02
4.4240E-02
4.3100E-02
4.1800E-02
3.8090E-02
3.4020E-02
3.0400E-02
2.7510E-02
2.3150E-02
1.9990E-02
1.5620E-02
1.1490E-02
7.5500E-03

7.2570E-04
8.0350E-04
8.1700E-04
2.5000E-03
2.2700E-03
1.8700E-03
4.0200E-03
3.7500E-03
2.7600E-03
4.4800E-03
3.7800E-03
6.3400E-03
7.1200E-03
6.2900E-03
6.8000E-03
1.1200E-02
1.4410E-02
2.4540E-02
3.6570E-02
4.2210E-02
4.4620E-02
4.5350E-02
4.5130E-02
4.4480E-02
4.3570E-02
4.2530E-02
4.1310E-02
3.7770E-02
3.4020E-02
3.0360E-02
2.7480E-02
2.3130E-02
1.9980E-02
1.5620E-02
1.1480E-02
7.5500E-03

1.4540E-02
2.3330E-02
1.7900E-02
1.1770E-02
9.5300E-03
8.6100E-03
8.3700E-03
8.7000E-03
1.1930E-02
2.5310E-02
4.5930E-02
1.0200E-01
1.8020E-01
1.3330E-01
8.5110E-02
4.4620E-02
3.3240E-02
4.5030E-02
4.5350E-02
4.0370E-02
5.0310E-02
5.2570E-02
4.5400E-02
4.4240E-02
4.4660E-02
4.5170E-02
4.4290E-02
3.3570E-02
3.3260E-02
2.9020E-02
2.6890E-02
2.2750E-02
1.9810E-02
1.5510E-02
1.1500E-02
7.5800E-03

1.1130E-02
1.8550E-02
1.4710E-02
1.1390E-02
7.5700E-03
7.2600E-03
1.2350E-02
6.6600E-03
1.0280E-02
2.2080E-02
4.1940E-02
6.4140E-02
1.5660E-01
1.2620E-01
5.9690E-02
7.3000E-03
2.9360E-02
4.1960E-02
4.3040E-02
3.9010E-02
4.8870E-02
5.1250E-02
4.4520E-02
4.3520E-02
4.3990E-02
4.4400E-02
4.3130E-02
3.3290E-02
3.3190E-02
2.8930E-02
2.6860E-02
2.2730E-02
1.9790E-02
1.5500E-02
1.1500E-02
7.5800E-03

2.9000E-03
3.9400E-03
4.5400E-03
6.1700E-03
5.0000E-03
5.9000E-03
1.0990E-02
7.8800E-03
4.0250E-02
1.8840E-01
1.9930E-01
2.5960E-02
4.1040E-02
4.6930E-02
3.0820E-02
5.1500E-03
2.4350E-02
3.7120E-02
3.8040E-02
3.6380E-02
4.6240E-02
4.8320E-02
4.1010E-02
4.2040E-02
4.2690E-02
4.3210E-02
4.1800E-02
3.2730E-02
3.2800E-02
2.8340E-02
2.6650E-02
2.2520E-02
1.9710E-02
1.5460E-02
1.1470E-02
7.5700E-03
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Figure 1. Integral cross-section results for positron impact excitation of lowest autoionizing state of potassium. PP-S—Present
positron impact excitation results using static potential only; PP-SA—Present positron impact excitation results using static and
absorption potentials; PP-SP—Present positron impact excitation results using static and polarization potentials; PP-SPA—Present
positron impact excitation results using static, polarization, and absorption potentials; P-S1987—Positron impact excitation results
of Pangantiwar and Srivastava [21].

Figure 2. Integral cross-section results for positron and electron impact excitation of lowest autoionizing state of potassium. PP-SPA
—Present positron impact excitation results using static, polarization, and absorption; PE-SPAE—Present electron impact excitation
results; E-EXP1999—Electron impact excitation experimental results of Feuerstein et al [39]; E-EXP2005—Electron impact excitation
experimental results of Borovik et al [40].

excitation results are also included for comparison. In each case, the energy of the projectile varies from the near
excitation threshold to 1500eV. In ﬁgure 1 present positron impact excitation integral cross-sections are
compared amongst themselves and with the only available theoretical results of Pangantiwar and Srivastava [21].
In ﬁgures 2, 3 our positron impact excitation results using static, polarization, and absorption potentials are
compared with present electron impact excitation results and electron impact excitation experimental results of
Feuerstein et al [39] and Borovik et al [40]. Also, our results at low impact energies have been compared with
electron impact excitation R—matrix results of (Grum-Grzhimailo and Bartschat) [41] as shown in ﬁgure 3.
The present integral cross-section results using static potential only are in good qualitative agreement with
Pangantiwar and Srivastava [21] results. The disparity at low and intermediate energies is attributed to the choice
of distorting potential. In the present calculation, a simple average of target atom static potentials in its initial and
ﬁnal states is used in the ﬁnal channel where else Pangantiwar and Srivastava [21] used the static potential of the
target in ﬁnal states for the ﬁnal channel.
7
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Figure 3. Integral cross-section results for positron and electron impact excitation of lowest autoionizing state of potassium(low
impact energies). E-RM2000—Electron impact excitation R—matrix results of (Grum-Grzhimailo and Bartschat) [41]. The other
curves are the same as in ﬁgure 2.

The effect of absorption was noted at low impact energies near the excitation threshold. After which there is
an insigniﬁcant difference in magnitude compared with the results using static potential only. This is because
inelastic processes such as positronium formation as well as excitation and ionization of the target have a
contribution to the integral cross sections at low impact energies. In fact, positronium formation in potassium
has a maximum about 5 eV and above about 20 eV its contribution to cross-sections is negligible [42]. As
mentioned above results for impact energies below the excitation threshold because the approximation method
used in this study is not accurate at these energies.
Using a distortion potential with static and polarization potential produced results that have sharp resonance
structure near the excitation threshold. The resonance shows an increased probability of interaction in this
energy region. This implies that the behavior of the target as the projectile approaches(polarization) has a high
contribution to the integral cross sections in this energy region. Positron impact excitation integral cross-section
results using a distorting potential with static potential, polarization potential, and absorption potential have the
same resonance behavior near the excitation threshold. The results had a slight difference at low impact energies
but the difference in magnitude is insigniﬁcant at intermediate and high energies compared to the results when
using static and polarization potentials. This conﬁrms that the effect of absorption potential is negligible on our
results at intermediate and high energies.
The effect of polarization potential seen in positron impact excitation results was also seen in electron impact
excitation results. This is because polarization potential is attractive and of the same magnitude for both
positrons and electrons [14]. The present electron excitation results exhibited the same resonance structure near
the excitation threshold. The sharp peak in the integral cross sections results is because the cross-sections are
dominated by a strong negative-ion core-excited 3p53d4s2 resonance of 3Fo symmetry, slightly above the
excitation threshold [41]. The polarization potential used affects the electron impact excitation integral crosssection results at low energies bringing them closer to the electron impact experimental results [39, 40] and
electron impact excitation R—matrix results [41]. Although, there is a disparity in terms of magnitude in the
energy region 20 eV to around 25 eV. This is because the non-relativistic method used is not very accurate at low
impact energies to fully describe the resonance structure near the excitation threshold. From this comparison
with electron impact excitation experimental, we can say that the positron impact excitation experimental
results(if done in the future) will not have a big deviation(qualitatively) from our results.
Comparing the present electron impact excitation results and the present positron impact excitation results
using static, polarization, and absorption potentials, both the results have the same trend as shown in ﬁgures 2, 3.
The slight difference in terms of magnitude noted at low impact energies is possibly due to projectile electrontarget electron exchange interaction which has a substantial effect on the results within this energy region. A
slight shift of the peak of the positron impact excitation integral cross-section curve to higher incident energies
relative to electron impact excitation results is also noted. At intermediate(from about 30.0 eV) and high
energies, the electron impact excitation results have no substantial difference from the positron impact
excitation results and the curves have the same trend. This is because exchange and absorption potentials which
8
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take into account the differences between the two projectiles have no signiﬁcant effect on integral cross sections
in this energy region [39, 40, 42].
At high energies the effect of absorption and polarization potentials is negligible and the cross-sections using
the different distortion potentials are nearly equal. This is due to less interaction between the projectile positron
and the target atom thus the potentials do not have substantial time for their effects to manifest. The magnitude
of the integral cross sections at high energies is decreasing because the projectile passes the target without much
effect reducing the collision time which in turn decreases the interaction probability. The convergence of our
present integral cross-sections with the electron impact experimental results is slow as shown in ﬁgure 2. This
was expected because the single conﬁguration Hartree–Fock model used in this study predicts energy levels
which are not highly accurate for the lowest states [25].
3.2. Differential cross-sections
In addition to integral cross-sections, we have calculated differential cross sections for positron impact energies
20.0, 25.0, 40.0, 60.0, 80.0 and 100.0 eV using different distortion potentials as presented in table 2. As in the
integral cross-section, present electron impact excitation results for the same energies have also been included
Table 2. Present differential cross-section results in ao2 sr -1 for positron (using different distortion potentials) and electron impact excitation
of the lowest autoionizing state of potassium.
20.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

25.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

7.5000E-03
7.3200E-03
6.7700E-03
5.9300E-03
4.9500E-03
3.0900E-03
1.5200E-03
1.3650E-04
1.4666E-04
1.6417E-04
1.1707E-04
1.1783E-04

9.0000E-03
8.7900E-03
8.1900E-03
7.2500E-03
6.1500E-03
4.0100E-03
2.1400E-03
3.2142E-04
2.1320E-04
4.3369E-04
5.7344E-04
6.3212E-04

6.9930E-02
6.6920E-02
5.8600E-02
4.6930E-02
3.4450E-02
1.5700E-02
9.7400E-03
8.7200E-03
3.0700E-03
9.1700E-03
1.6520E-02
9.5540E-02

6.0660E-02
5.8050E-02
5.0870E-02
4.0820E-02
3.0130E-02
1.4250E-02
9.3300E-03
7.9300E-03
3.2400E-03
8.1100E-03
1.5290E-02
8.6090E-02

2.8111E-01
2.6723E-01
2.2924E-01
1.7682E-01
1.2246E-01
4.8550E-02
3.7720E-02
5.1200E-02
3.3930E-02
5.2060E-02
5.1290E-02
2.9818E-01

Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

9.4970E-02
8.7050E-02
7.3280E-02
5.8210E-02
4.1410E-02
1.6320E-02
4.3900E-03
3.6779E-04
8.6608E-04
5.9715E-04
4.5604E-04
4.3677E-04

8.6140E-02
7.8720E-02
6.5970E-02
5.2160E-02
3.6840E-02
1.4310E-02
3.9500E-03
6.7652E-04
7.9927E-04
4.2726E-04
3.2058E-04
3.1865E-04

7.6910E-02
7.0860E-02
6.0720E-02
4.9690E-02
3.6940E-02
1.6300E-02
5.0200E-03
4.8200E-03
3.1000E-03
6.6600E-03
8.7500E-03
3.7120E-02

6.7180E-02
6.1670E-02
5.2650E-02
4.3030E-02
3.1940E-02
1.4170E-02
4.4200E-03
4.2100E-03
2.8400E-03
5.8100E-03
8.0300E-03
3.3240E-02

5.7540E-02
5.2490E-02
4.4400E-02
3.6020E-02
2.6480E-02
1.1740E-02
3.9100E-03
3.4000E-03
2.3400E-03
4.7700E-03
6.7000E-03
2.7470E-02

40.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

60.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

5.7298E-01
4.8934E-01
3.2654E-01
1.8158E-01
8.6570E-02
1.2440E-02
6.9667E-04
1.9900E-03
1.0200E-03
2.7382E-04
6.6697E-05
2.4671E-05

5.5016E-01
4.6909E-01
3.1181E-01
1.7243E-01
8.1660E-02
1.1670E-02
8.3683E-04
1.8900E-03
8.6751E-04
2.1843E-04
5.3188E-05
2.1034E-05

1.1880E-02
2.0810E-02
3.9750E-02
5.1740E-02
4.9830E-02
2.6280E-02
1.7960E-02
1.7080E-02
5.9800E-03
5.5100E-03
3.6600E-03
6.2200E-03

1.1770E-02
2.0060E-02
3.7990E-02
4.9570E-02
4.7940E-02
2.5410E-02
1.7190E-02
1.6220E-02
5.5900E-03
5.1600E-03
3.4200E-03
5.6900E-03

1.3400E-02
1.9100E-02
3.2860E-02
4.2660E-02
4.2040E-02
2.3350E-02
1.5500E-02
1.4370E-02
4.9800E-03
4.4200E-03
2.8800E-03
4.5600E-03

Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.3462E+00
9.9261E-01
4.6491E-01
1.7669E-01
5.5270E-02
1.7700E-03
1.4000E-03
2.0900E-03
4.2589E-04
8.3499E-05
2.3065E-05
1.1580E-05

1.3165E+00
9.6923E-01
4.5206E-01
1.7086E-01
5.3160E-02
1.8100E-03
1.4400E-03
1.9300E-03
3.5884E-04
6.4916E-05
1.7681E-05
8.7843E-06

3.0895E-01
2.6066E-01
1.8738E-01
1.2498E-01
7.4620E-02
2.4720E-02
1.8440E-02
4.4700E-03
7.6401E-04
2.4500E-03
1.1620E-02
1.9180E-02

3.0683E-01
2.5818E-01
1.8494E-01
1.2330E-01
7.3710E-02
2.4360E-02
1.8000E-02
4.3400E-03
7.3017E-04
2.2600E-03
1.0910E-02
1.7950E-02

3.0356E-01
2.5266E-01
1.7725E-01
1.1675E-01
6.9690E-02
2.3490E-02
1.7160E-02
4.2700E-03
7.4240E-04
2.0600E-03
1.0110E-02
1.7860E-02

80.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

100.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

Energy
(eV)

2.0681E+00
1.3276E+00
4.4213E-01
1.2783E-01
2.6280E-02
3.5382E-04
2.6200E-03
1.3700E-03
1.8669E-04
4.9810E-05
2.3575E-05
7.0379E-06

2.0379E+00
1.3066E+00
4.3325E-01
1.2462E-01
2.5510E-02
4.4318E-04
2.5600E-03
1.2600E-03
1.5777E-04
4.1139E-05
1.9512E-05
5.1833E-06

8.3816E-01
5.3780E-01
1.9529E-01
7.3720E-02
3.7500E-02
1.3700E-02
3.9800E-03
5.7300E-03
4.1300E-03
3.9300E-03
4.2400E-03
1.8350E-02

8.3028E-01
5.3224E-01
1.9306E-01
7.3030E-02
3.7200E-02
1.3480E-02
4.0200E-03
5.5400E-03
3.9800E-03
3.8300E-03
4.1300E-03
1.8090E-02

7.8709E-01
5.0531E-01
1.8531E-01
7.1870E-02
3.6990E-02
1.2870E-02
4.8600E-03
4.2200E-03
3.0400E-03
3.4900E-03
3.9600E-03
1.9810E-02

0
5
10
15
20
30
40
60
90
120
150
179
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PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

2.6462E+00
1.5237E+00
3.6730E-01
8.7530E-02
1.0530E-02
1.4300E-03
2.8900E-03
8.3774E-04
1.0233E-04
3.4667E-05
1.5723E-05
3.4073E-06

2.6176E+00
1.5059E+00
3.6139E-01
8.5710E-02
1.0300E-02
1.4700E-03
2.8100E-03
7.7585E-04
8.8553E-05
3.0188E-05
1.3463E-05
3.4427E-06

1.3935E+00
8.1023E-01
2.1753E-01
6.0390E-02
2.6290E-02
1.0410E-02
4.1900E-03
6.2500E-03
5.9300E-03
3.0400E-03
4.2400E-03
5.9900E-03

1.3835E+00
8.0398E-01
2.1552E-01
5.9740E-02
2.5970E-02
1.0330E-02
4.1600E-03
6.0900E-03
5.7600E-03
2.9600E-03
4.1800E-03
6.0000E-03

1.3693E+00
7.9459E-01
2.1170E-01
5.8150E-02
2.5590E-02
1.0180E-02
3.9100E-03
5.7600E-03
5.5300E-03
2.8500E-03
3.8700E-03
5.4200E-03
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Figure 4. Present differential cross sections(DCS) results for positron and electron impact excitation of lowest autoionizing state of
potassium. PP-S—Present positron impact excitation results using static; PP-SA—Present positron impact excitation results using
static and absorption potentials; PP-SP—Present positron impact excitation results using static and polarization potentials; PP-SPA
—Present positron impact excitation results using static, polarization, and absorption potentials; PE-SPAE—Present electron impact
excitation results.

for comparison. Since there are no other results available in the literature for positron impact excitation, our
differential cross-section results have been compared amongst themselves and presented in ﬁgure 4 which may
be useful for future works on the same process.
The present positron impact excitation results using static potential only are characterized by a high value at
small scattering angles after which the values decrease with an increase in scattering angle across all the impact
energies. The effect of absorption potential on the magnitude of differential cross sections is more pronounced
at low impact energies. When compared to the results using static potential only, our results using static and
absorption potentials have the same trend despite the differences in magnitude at low impact energies.
The inclusion of polarization potential increases the magnitude of differential cross sections at low impact
energies compared to the results using static potential only. This shows that the behavior of the target atom in
response to the ﬁeld of the incoming projectile (polarization) has a contribution to the cross-sections. The crosssections have the highest values at angles 0o and 180o with a minimum value at around 90o as shown by the results
of impact energy 20.0 eV. Since the differential cross-section is a measure of the probability of scattering in a
particular direction, this indicates that the incident projectile has high chances of scattering at small angles and
large angles. At intermediate and high energies, polarization potential lowers the cross-sections at small angles
and gradually increases the cross-sections for angles from about 40◦ and above.
When using a distortion potential with static, polarization, and absorption potentials, the effect of
polarization is dominant and the results have a small deviation from the results when using static and
polarization potentials at low energies. The present electron impact excitation differential cross sections are close
to our positron impact excitation results using static, polarization, and absorption potentials at all impact
energies. The effect of polarization potential in positron impact excitation results is also exhibited in electron
impact excitation results. At 20.0 eV, the electron impact excitation results are higher than the positron impact
excitation results. This is attributed to projectile electron-target electron exchange interaction which has a
signiﬁcant effect on the results at low impact energies.
3.3. Alignment parameter
The present alignment parameter results using positron impact excitation are evaluated for different distorting
potential as presented in table 3. Electron impact excitation results were also calculated for comparison
purposes. In ﬁgure 5 the present results are compared with positron impact excitation results of Pangantiwar
and Srivastava [21]. Present alignment parameter results using static potential only as distortion potential have
the same trend as the results of Pangantiwar and Srivastava [21] though our results are slightly higher at low and
intermediate energies. The difference can be attributed to the choice of distortion potential. That is, the use of a
10
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Table 3. Present alignment parameter results for positron and electron impact excitation of the lowest
autoionizing state of potassium.
Energy
(eV)

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

18.90
18.95
19.00
19.10
19.20
19.30
19.40
19.50
19.70
19.90
20.00
20.10
20.50
20.60
21.00
22.00
25.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.0
110.0
120.0
150.0
200.0
250.0
300.0
400.0
500.0
700.0
1000.0
1500.0

−9.0972E-01
−8.6685E-01
−8.2949E-01
−7.7740E-01
−7.4406E-01
−7.1201E-01
−6.9421E-01
−6.7348E-01
−6.4992E-01
−6.2876E-01
−6.2305E-01
−6.1394E-01
−5.9217E-01
−5.8592E-01
−5.7207E-01
−5.4391E-01
−4.9363E-01
−4.4071E-01
−3.7405E-01
−3.2885E-01
−2.9473E-01
−2.6729E-01
−2.4302E-01
−2.2272E-01
−2.0547E-01
−1.9016E-01
−1.7446E-01
−1.3991E-01
−9.7850E-02
−6.9780E-02
−4.8740E-02
−1.8580E-02
4.2800E-03
4.4760E-02
9.1950E-02
1.5788E-01

−9.8151E-01
−9.6148E-01
−9.3726E-01
−9.5294E-01
−9.2428E-01
−8.7315E-01
−9.1036E-01
−8.8495E-01
−7.8967E-01
−8.1862E-01
−7.6510E-01
−8.2213E-01
−7.7522E-01
−7.3989E-01
−6.8746E-01
−6.6690E-01
−4.7672E-01
−4.3206E-01
−3.6696E-01
−3.2277E-01
−2.8939E-01
−2.6255E-01
−2.3877E-01
−2.1889E-01
−2.0201E-01
−1.8704E-01
−1.7160E-01
−1.3770E-01
−9.8610E-02
−6.9390E-02
−4.8440E-02
−1.8400E-02
4.4100E-03
4.4840E-02
9.2000E-02
1.5791E-01

−5.1717E-01
−5.1359E-01
−5.2014E-01
−5.3580E-01
−5.4727E-01
−5.5224E-01
−5.4906E-01
−5.3522E-01
−4.7131E-01
−3.8554E-01
−3.5393E-01
−3.3509E-01
−3.4345E-01
−3.5307E-01
−3.8842E-01
−4.5420E-01
−3.5488E-01
−2.7343E-01
−3.6345E-01
−4.0370E-02
−2.6548E-01
−1.9680E-01
−2.0777E-01
−2.1248E-01
−2.1127E-01
−2.1519E-01
−2.2295E-01
−1.2827E-01
−1.3102E-01
−9.6500E-02
−7.2860E-02
−4.5250E-02
−2.9140E-02
2.0110E-02
6.7790E-02
1.3705E-01

−5.2380E-01
−5.1696E-01
−5.2159E-01
−5.7267E-01
−5.4987E-01
−5.4528E-01
−5.9093E-01
−5.2193E-01
−4.4554E-01
−3.6145E-01
−3.4111E-01
−3.2378E-01
−3.3960E-01
−3.5604E-01
−4.0340E-01
−2.8911E-01
−3.5453E-01
−2.7644E-01
−3.6451E-01
−3.6340E-01
−2.6620E-01
−1.9793E-01
−2.0760E-01
−2.1175E-01
−2.1030E-01
−2.1394E-01
−2.2039E-01
−1.2842E-01
−1.3066E-01
−9.6520E-02
−7.2510E-02
−4.5000E-02
−2.8820E-02
2.0290E-02
6.7920E-02
1.3715E-01

−5.7106E-01
−5.6288E-01
−5.6423E-01
−5.9711E-01
−5.6748E-01
−5.5015E-01
−5.5031E-01
−4.3010E-01
−3.6288E-01
−3.3638E-01
−3.3907E-01
−3.5929E-01
−3.9223E-01
−3.8951E-01
−4.2119E-01
−2.9794E-01
−3.5330E-01
−2.7800E-01
−3.6428E-01
−3.6365E-01
−2.7188E-01
−2.0313E-01
−2.0825E-01
−2.1260E-01
−2.1135E-01
−2.1526E-01
−2.2069E-01
−1.2978E-01
−1.3283E-01
−9.3160E-02
−7.3270E-02
−4.3740E-02
−2.9050E-02
1.9730E-02
6.7750E-02
1.3692E-01

Figure 5. Alignment parameter results for positron impact excitation of lowest autoionizing state of potassium. PP-S—Present positron
impact excitation results using static potential only; PP-SA—Present positron impact excitation results using static and absorption potentials;
PP-SP—Present positron impact excitation results using static and polarization potentials; PP-SPA—Present positron impact excitation
results using static, polarization, and absorption potentials; P-S1987—Positron impact excitation results of Pangantiwar and Srivastava [21].
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Figure 6. Alignment parameter results for positron and electron impact excitation of lowest autoionizing state of potassium. PP-SPA
—Present positron impact excitation results using static, polarization, and absorption potentials; PE-SPAE—Present electron impact
excitation results; E-EXP1995—Electron impact excitation experimental results of Matterstock et al [43].

simple average of the target atom static potentials in its initial and ﬁnal states in the ﬁnal channel in the present
calculation, where else Pangantiwar and Srivastava [21] used the static potential of the target in the ﬁnal state for
the ﬁnal channel.
The effect of inclusion of absorption potential in our distortion potential is seen at low impact energies. As
discussed in integral cross-section results, this is the energy region where the inclusion of absorption potential
energy has a visible effect on the results. The alignment parameter results using static and absorption potentials
are slightly lower than the results when using static potential only at low energy. A distortion potential with static
and polarization potentials produces alignment parameter results that are higher than the results when using
static potential only at low and intermediate impact energy. Resonance behavior is also shown near the
excitation threshold for the present results using static and polarization potentials. Our results using static,
polarization, and absorption potentials have the same trend as the results when using static and polarization
potentials though there is a small variation at low energies. At high impact energies, polarization potential has no
signiﬁcant effect on the results. This because of the small-time of interaction which is not sufﬁcient for the
potential to show its effect.
In ﬁgure 6, our positron impact excitation results using static, polarization, and absorption potentials are
compared with present electron impact excitation results and electron impact excitation experimental results of
Matterstock et al [43]. Our positron impact excitation results are close to the present electron impact excitation
results. The slight difference at low energies was expected because of the change in projectile charge. The effect of
polarization potential in positron impact excitation results is also exhibited in the present electron impact
excitation results. This makes the present electron impact excitation results move closer to electron impact
excitation experimental results of Matterstock et al [43]. The disparity at high impact energies is to the poor
structure model of the autoionizing state (3p5 4s 2)2P and neglect of the contribution of the transitions from other
excited states to the lowest autoionizing level of the potassium atom. From the comparison with the electron
impact excitation experimental results, we can say that the positron impact excitation experimental results
(when done) will not have a large deviation from the present results.
From the formula of alignment parameter, when A20 is negative, σo is greater than σ1. This implies that most
of the excitations take place from the magnetic sub-state m = 0. When A20 is positive, σ1 is greater than σo and
most of the excitations take place from m = 1 magnetic sub-state. In our study, the alignment parameter is
negative from above the excitation threshold up to around 500 eV as shown in ﬁgure 5. This indicates that most
of the incident positrons are scattered from the magnetic sub-state m = 0 in this energy range, compared to
magnetic sub-state m = 1.
3.4. Lambda parameter
Lambda parameter results for positron impact excitation using different distorting potentials were evaluated for
for impact energies 20.0, 25.0, 40.0, 60.0, 80.0 and 100.0 eV as presented in table 4. Just like in the case of
differential cross-sections, there are no other results of lambda parameter using positron impact excitation
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Table 4. Present Lambda parameter results for positron (using different distortion potentials) and electron impact excitation of the lowest
autoionizing state of potassium.
20.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

25.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
9.9498E-01
9.8027E-01
9.5621E-01
9.2215E-01
8.1977E-01
6.6651E-01
8.5480E-02
6.5342E-01
3.2530E-02
4.3080E-01
9.9932E-01

1.0000E+00
9.9584E-01
9.8375E-01
9.6431E-01
9.3750E-01
8.6093E-01
7.6149E-01
5.8598E-01
8.1360E-01
6.9229E-01
9.0304E-01
9.9989E-01

1.0000E+00
9.8014E-01
9.1836E-01
8.0835E-01
6.4201E-01
2.0523E-01
3.5482E-01
5.2027E-01
8.6413E-01
5.4381E-01
2.5983E-01
9.9938E-01

1.0000E+00
9.7900E-01
9.1374E-01
7.9792E-01
6.2455E-01
1.9589E-01
3.7738E-01
5.0566E-01
8.7432E-01
5.2790E-01
2.4382E-01
9.9936E-01

1.0000E+00
9.7704E-01
9.0483E-01
7.7330E-01
5.6800E-01
7.2040E-02
6.8141E-01
4.3893E-01
9.9888E-01
4.4910E-01
4.6080E-02
9.9910E-01

Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
9.8260E-01
9.3172E-01
8.5150E-01
7.4719E-01
4.8473E-01
1.7426E-01
9.9896E-01
7.2110E-02
1.9870E-01
7.6688E-01
9.9974E-01

1.0000E+00
9.8113E-01
9.2568E-01
8.3781E-01
7.2233E-01
4.2827E-01
1.0842E-01
9.9228E-01
1.6187E-01
1.4402E-01
7.6810E-01
9.9975E-01

1.0000E+00
9.7805E-01
9.1461E-01
8.1694E-01
6.9330E-01
3.8477E-01
7.6430E-02
8.0930E-01
5.1981E-01
4.4388E-01
9.7340E-02
9.9861E-01

1.0000E+00
9.7819E-01
9.1539E-01
8.1936E-01
6.9893E-01
3.9979E-01
8.1520E-02
8.3240E-01
5.1379E-01
4.3257E-01
9.7070E-02
9.9859E-01

1.0000E+00
9.7631E-01
9.0797E-01
8.0423E-01
6.7594E-01
3.7539E-01
9.7990E-02
8.4723E-01
5.1815E-01
4.3988E-01
9.6850E-02
9.9858E-01

40.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

60.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
9.2910E-01
7.5566E-01
5.5147E-01
3.5845E-01
5.9870E-02
5.1180E-01
1.0072E-01
3.6130E-02
1.8839E-01
4.8017E-01
9.9855E-01

1.0000E+00
9.2708E-01
7.4841E-01
5.3762E-01
3.3806E-01
3.9270E-02
6.1508E-01
1.2716E-01
2.9240E-02
2.0771E-01
5.2713E-01
9.9878E-01

1.0000E+00
5.2093E-01
5.9013E-01
8.2558E-01
9.1698E-01
6.2584E-01
4.6588E-01
7.2963E-01
2.1286E-01
3.8270E-02
1.5722E-01
9.9590E-01

1.0000E+00
5.0179E-01
5.6922E-01
8.1657E-01
9.1441E-01
6.2441E-01
4.6611E-01
7.3145E-01
2.1622E-01
3.9060E-02
1.5759E-01
9.9576E-01

1.0000E+00
4.7721E-01
5.0584E-01
7.9490E-01
9.1409E-01
6.1931E-01
4.7258E-01
7.2746E-01
2.2740E-01
3.3950E-02
1.6107E-01
9.9572E-01

Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

1.0000E+00
8.2567E-01
5.1774E-01
2.7995E-01
1.1741E-01
9.3930E-02
2.3192E-01
8.7700E-03
3.7190E-02
5.3620E-02
4.0223E-01
9.9404E-01

1.0000E+00
8.2277E-01
5.0934E-01
2.6708E-01
1.0221E-01
1.4733E-01
2.8409E-01
7.7900E-03
4.2270E-02
5.5260E-02
3.9403E-01
9.9296E-01

1.0000E+00
6.2446E-01
4.4514E-01
5.6779E-01
5.9080E-01
3.8683E-01
5.9214E-01
1.6758E-01
7.1033E-01
7.0121E-01
7.1501E-01
9.8477E-01

80.0 eV
Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
6.2326E-01
4.4214E-01
5.6407E-01
5.8592E-01
3.9374E-01
5.9364E-01
1.6191E-01
6.8456E-01
6.9809E-01
7.1714E-01
9.8471E-01

1.0000E+00
6.1783E-01
4.3173E-01
5.6913E-01
6.0420E-01
4.0308E-01
5.8913E-01
1.6830E-01
6.2245E-01
7.3183E-01
7.3287E-01
9.8593E-01

100.0 eV

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
7.1086E-01
3.3991E-01
1.4533E-01
2.9350E-02
8.3654E-01
3.7150E-02
1.6370E-02
2.7270E-02
1.9795E-01
6.7554E-01
9.0298E-01

1.0000E+00
7.0767E-01
3.3230E-01
1.3550E-01
2.0550E-02
8.6359E-01
4.7810E-02
1.4330E-02
3.3620E-02
1.9305E-01
6.6518E-01
8.7026E-01

1.0000E+00
5.5748E-01
3.6607E-01
5.1626E-01
3.5937E-01
2.9008E-01
5.9457E-01
9.6249E-01
6.8763E-01
3.7573E-01
3.0078E-01
9.8694E-01

1.0000E+00
5.5459E-01
3.6348E-01
5.1748E-01
3.6243E-01
2.9366E-01
5.8670E-01
9.6284E-01
6.8633E-01
3.7714E-01
3.1035E-01
9.8719E-01

1.0000E+00
5.3382E-01
3.5723E-01
5.6514E-01
4.3248E-01
2.9881E-01
5.8299E-01
9.5763E-01
6.5745E-01
4.0287E-01
4.4196E-01
9.8929E-01

Energy
(eV)
0
5
10
15
20
30
40
60
90
120
150
179

PP-S
(e+)

PP-SA
(e+)

PP-SP
(e+)

PP-SPA +
(e+)

PE-SPAE
e−

1.0000E+00
6.0555E-01
2.1917E-01
8.1710E-02
2.7900E-03
1.5021E-01
9.7600E-03
2.3800E-02
4.0180E-02
2.6250E-01
7.1662E-01
3.4470E-02

1.0000E+00
6.0244E-01
2.1277E-01
7.4300E-02
1.6800E-03
1.8038E-01
1.0960E-02
2.4490E-02
4.4240E-02
2.4973E-01
7.0355E-01
4.7890E-02

1.0000E+00
4.8625E-01
3.0217E-01
2.5081E-01
2.2319E-01
5.3869E-01
1.2937E-01
8.9713E-01
7.1865E-01
2.6155E-01
6.2163E-01
9.8940E-01

1.0000E+00
4.8382E-01
3.0148E-01
2.5548E-01
2.2735E-01
5.3480E-01
1.2849E-01
8.9568E-01
7.1571E-01
2.6020E-01
6.2691E-01
9.8980E-01

1.0000E+00
4.8179E-01
3.0942E-01
2.7582E-01
2.3406E-01
5.4062E-01
1.1764E-01
8.9394E-01
7.1235E-01
2.6682E-01
6.2047E-01
9.8917E-01

available in the literature for comparison. Electron impact excitation lambda parameter results were also
calculated for comparison purposes.
The lambda parameter results are characterized by fall and rise for all the distortion potentials as shown in
ﬁgure 7. From the formula of calculating lambda, when λ ≈ 1, then s ¢o (q, f ) > >s1¢ (q, f ) . This shows that
most of the particles are scattered from the magnetic sub-state m = 0. Also, when λ = 0.333, the particles are
evenly scattered from the two magnetic sub-states. The oscillating behavior of the lambda parameter in
relation to the scattering angle shows that the scattering of particles is alternating between the two magnetic
sub-states
Lambda parameter results using static and absorption potentials have the same trend as the results when
using static potential though there is a difference in magnitude at low impact energies. The inclusion of
polarization potential greatly affects the magnitude of lambda parameter for different angles but the results are
still characterized by fall and rise. The results using distortion potential with static, polarization, and absorption
potentials have the same trend as the results when using static and polarization potentials. The effect of
polarization potential shown in positron impact excitation results is also shown in the present electron impact
excitation results. The electron impact excitation results have the same trend as the results of positron impact
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Figure 7. Present Lambda parameter results for positron and electron impact excitation of lowest autoionizing state of potassium. PPS—Present positron impact excitation results using static; PP-SA—Present positron impact excitation results using static and
absorption potentials; PP-SP—Present positron impact excitation results using static and polarization potentials; PP-SPA—Present
positron impact excitation results using static, polarization, and absorption potentials; PE-SPAE—Present electron impact excitation
results.

excitation using distorting potential with static, absorption, and polarization potentials at all angles though there
is a small variation at low impact energies.

4. Conclusion
In the present work, positron impact excitation cross-sections and angular correlation parameters for the lowest
autoionizing state of potassium are calculated employing the quantum mechanical approach, the nonrelativistic distorted wave method. The parameters are calculated for an extensive energy range from near
excitation threshold to 1500eV. The integral cross sections and alignment parameter results are in qualitative
agreement with the only available results of Pangantiwar and Srivastava [21].
There are no previously reported experimental data for positron impact excitation of the autoionizing state
of the potassium atom. However, a comparison with the Pangantiwar and Srivastava [21] positron impact
results, present and experimental electron impact excitation results conﬁrm the reliability of our results.
Furthermore, the distorted wave method has been successfully applied with minimal computational cost to
electron and positron scattering from different atomic and molecular systems in the past. This gives us
conﬁdence that the present study thus produces reliable data in the reported energy range.
However, the single conﬁguration Hartree–Fock model used in this study is not highly accurate for the
lowest states. Also, neglect of the contribution of the transitions from other excited states to the lowest
autoionizing level of the potassium atom had our results have variation in magnitude at some energy regions in
comparison with the experimental results. Despite the disparity in magnitude, our results are in quite good
qualitative agreement with the electron impact excitation experimental results. Hence, our results can be relied
on to giving guidance to future studies.
As discussed above, a sufﬁcient amount of literature is available for electron impact excitation for alkali
atoms, yet there is a rarity of data using positron impact excitation. In this study, the polarization potential used
contains an adjustable parameter. Since the study was based on the understanding that the interaction potential
can be chosen arbitrarily to reproduce reliable results, an adjustable parameter-free model can be considered in
future studies. In view of this, a more rigorous theoretical and experimental effort is desirable for potassium to
test the reliability of the presently reported data. Moreover, this is the ﬁrst attempt to calculate cross-sections and
angular correlation parameters for the lowest autoionizing state of the potassium atom using a complex
distortion potential for such a wide energy range.
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