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Abstract : The one-electron length form of the photoionization matrix element 1s used to
compute the ground state phtoionization cross section of the atomic hithium The correction to
the dipole transition moment due to core polarization is included. The hehaviour of the computed
photoomization cross sections near the threshold, 1s in agreement with earlier measurements and
other reported calculations.
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The importance of core polarization to study photoionization of atoms and ions has been
emphasized carlier [1-7]. To account for the correlation of the outgoing electron with the
core which exercises a very dominant cffect on the nature of continuum wave function,r
weh a correction is essential. According to McDowell [1], the effect of polarization of the
coie by the valence electron is small in the initial bound state, but appreciable in the final
liee state wave function. Weisheit and Dalgarno [2] computed the photoionization cross
seetion for potassium with and without core polarization correction to matrix element and
found that the photoionization cross sections with core polarization are orderly and almost
comeident with experiment, while the same without such a correction are quite different.
Tiwari et al |5] also studied the effect of polarization potential on the photoionization cross
section of atomic Li but without taking into consideration the core polarization correction 10
matrix element and found an improvement over their previous calculation [8] without
any such correction. Migdalek and Bojara [6] too have demonstrated the importance of core
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polarization correction in the ionization potentials of s, d and f states of Rb and Cs
isoelectronic sequences.

The working formula for the photoionization cross section'‘is taken from the
description given by McDowell [1] in the following form

2

a, = 0.856 (I +K?) : )

[ Pt 0 Py (rydr
0

where / and K? are the ionization potential of the atomic Li and the kinetic energy of
the photoelectron respectively (both given in Rydberg units). Py,(r) is the radial wave
function for the continuum state and P,(r) is the ground state radial wave function. The
dipole length operator has been replaced here by the following corrected operator Q(r) due
to Weisheit [9].

Q) = r[l -2 (1- e - (r/rc)’)] )

The values of o, and r. for Li are taken from Table 1 of Hansen [7]). The normalized ground
state wave function is adopted from the table of Roothaan et al [10] while the contirjua are
numerically generated by solving the following Schrodinger equation in an independent
particle (IPM) approximation [11].

~
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The static potential V(r) in which the free state wave functions are constructed is the IPM
potential of Szydlik and Green [12]. *

Eq. (3) is a sccond order lincar differential equation with the first derivative abscnt
and as such the Numerov procedure [13] has been invoked to numerically solve the eq. (3).
In this procedure, Py,,(r) is given as follows

P,q,(r+l) =

=G RFo+T] {[24 + 10 (8r2 F ()]

X Py (r) = [12 = (82 F (r=1)] P, (r= 1)}, @

where P, (r—1), Py,(r) and \Py,(r+1) are the equally apart successively increasing values of
the continuum wave function and F(r-1), F(r) and F(r+1) arethe similar three values of
function F(r). The function F(r) is given by

F(r) = 7‘2- - K2 - V(r). (5)
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In order to get the next Py,(r), two initial values of Py,(r) are needed. This is obtained by
considering the limiting form of the Schridinger equation for r — 0. When r — 0, the
Schrédinger equation may be approximated as

2
L Po(n) = 5 Py ©

and this equation has the following trivial solution Py,(r) = constant. 2.
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Figure 1. Photoionization cross section of Li.
1. Without polarization by Tiwari er al [8].
2. With polarization by Tiwari et al [15]
3. Hartree Fock calculation by Chang and McDowellff1 5} without polarization.
4. Experiment of Hudson and Carter [16).
5. The many body calculations of Chang and McDowell [15],
6. Hartree Fock results by McDowell and Chang [17] including polarization effect.
P. Present calculation.
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The numerically generated continua are normalized by Stewart's [14] method. If the
unnormalized solution initially achieved in the asymptotic region is written as P’(r) such
that

N = P, M

where N is the normalization constant, then

)
N =12 [(aI +a2)2 sec2a + (a —az)zcosecza] , (8)
T
where a, = n2Z2P'(r), a, = A2 P'(ry), a = %— *zZdr
n
1(1 3 1.25(2 1Y
. 72 = e | = 2 - =
and z 4 A (r3 r‘) MY (71_ r2) -
with l=k2—%+3.
r r

Special care is taken to avoid those values of a which are equal or even very cloge to nr
and (2n+1) /2 where n is an integer. The integration involved in the normalizaiion of
continua is donc by Gauss quadrature rule while the same involving the matrix elernent is
accomplished using the Simpson quadrature rule. The starting value of the radial interval dr
considered in the present calculation, is 106A. The computer program has been so
designed and adjusted that the radial interval continues to be doubled each time per 2000
steps unul a radial distance of about 32 A is covered.

In Figure 1, the results are compared with the other reported calgulations and also
with similar calculations of Tiwan et al [S] but without core polarization correction. An
improvement has been found especially at the low photon energies. The potential has
however, been found not suitable at high cnergies.

Acknowledgment

Wec thank Prof. D N Roy of Department of Physics, Patna University for kind
cooperation.

References

1] M R C McDowell Cuse Studies in Atomic Collision Physics Vol. | eds. E W McDamal and
M R C McDowell (Amsterdam : North Holland) p 47 (1969)

[2] J C Weisheit and A Dalgarno Phys. Rev. Lett. 27 701 (1971)

131 R C Kirkpatrick Phys. Rev. A§470 (1972)

[4] 1D W Norcross Phivs. Rev. A7 606 (1973)

[S] P Tiwari, M A Hashim, S P Ojha and O F Rustogi Can J. Phvs. §5 972 (1977)

[6] T Migdalek and A Bojara J. Phys. B17 1943 (1984)



i7)

(8]

9
110]
[
112]
13]
114
[15]
[16]
17

Core polarization effect in the polarization cross section etc

W Hansen J. Phys. B17 4833 (1984)

P Tiwan, M A Hashim and S P Ojha Can. J. Phys 53 1524 (1975)

3 C Weisheit Phys. Rev AS 1621 (1972)

C J Roothaan, L M Sanchs and A W Weiss Rev. Mod Phvs 32 186 (1960)

A E S Green, D L Sellin and A S Zacher Phys. Rev A184 1 (1969)

P P Szydlik and A E S Green Phys. Rev. A9 1885 (1974)

D R Hartree Mumerical Analysis (Oxford : Clarendon) P 142 (1958)

A L. Stewart Advances in Atomic and Molecular Physics (New York - Acadenuc) Vol 3
E S Chang and M R C McDowell Phys. Rev. 176 126 (1968)

R ) Hudson and V L Canter J. Opt Am 57 651 (1967)

M R C McDowell and E S Chang Mon. Not. Roy. Astron. Soc. 148 465 (1969)

70B(6) 12

525





