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ABSTRACT

The p h o t o i o n i z a t i o n c r o s s - s e c t i o n and dynamic pola_
rizability for lithium atom are calculated using a discrete
basis set to represent both the bound and the co n t i n u u m states
of the atom, to construct an a p p r o x i m a t i o n to the dynamic p£
larizabi1ity. From the imaginary part of the complex dynamic
polarizabi1ity one extracts the p h o t o i o n i z a t i o n cross-section
and from its real part the dynamic p o l a r i z a b i 1 i t y . The re-
sults are in good agreement with the e x p e r i m e n t s and other
more elaborate c a l c u l a t i o n s .

INTRODUCTION

^ A large number of important phenomena depend, for
their understanding, on the knowledge of photoionization
cross-sections and dynamic polarizabi1ities [1-6], Because
of that the calculation of these properties has become an
important problem in theoretical chemistry. The main diffi-
culty in determining these properties resides in the need
for the continuum functions.

In the method to be discussed below, we avoid the
continuum functions, using a discrete basis set (I*) to re-
present both the bound and the continuum states of the sys-
tem. Another advantage of the method is that it also avoids
the need for explicit inclusion of assymptotic boundary con-
ditions. This method has been used to calculate photoioniza-
tion cross-sections for H e ( 2 J S , 2 * S ) , H" C 7 ] , rie (

XS) and H,
C8].

METHOD

The dynamic polarizability 1s given by
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with

(w) « f [(df/dei/ie'-W^de (1)
in '

df/de «= [ * « ( * -e) + g U ) (2)
niO on on

Won, fon and g(c) being the transition frequencies and the
bound and continuum oscillator strengths, respectively. Ex-
tending this definition to complex frequencies leads to

(z) = ( C(df/de)/el-z*]dc (3)

The complex polarizability, u(z), is analytical throughout
the complex plane except for an infinite number of poles
along the real axis and a branch cut in the photoionization
interval ci*Re(z)««>, where ei is the first ionization thres
hold of the system. Since the cross-section can be written"
as (ref. [9])

o(w) . (27r'/c)g(w) (4)

and since

/ •
won w C

as n^O, we obtain the relationships

a(w) - 11m (4irw/c)Im[a(w+1n)j and (5)

a(w) - l im ReCoiwi-in)] (6)

To use tqs. (5-6), a(z) is first approximated by a finite
sum

the complex plane. Using this representation we
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a(z) on the real axis where it equals to a(w) . The imaginary
part of a(z) on the real axis thereby provides the cross-
section by eq. (5). Having the representation for a ( z ) , we
can evaluate o(w) and a(w) at a very large number of points
with little effort.

As discussed in detail in refs. [7,8], the basis
set is chosen as to generate a discrete distribution of os-
cillator strengths capable of reproducing the moments (sum-
rules) of the continuous distribution of oscilla tor strengths.
Once this is achieved one can say that the finite sum in eq.
(7) furnishes a good representation for a( z ) .

One crucial point is the process of cal culating the
cross-section is the analytical continuation procedure, as
discussed in ref. [7]. Padé type II approximants were used
in all the calculations, to perform the analytical continua-
tion.

COMPUTATIONAL DETAILS AND RESULTS

All calculations were carried out using Kuzinaga
gaussian basis sets [10], augment with diffuse s and p basis
whose orbital exponents have been chosen as a geometrical
factor, 6, times the previous exponent

$ » B$ » B 2 £• • •

Tight p functions of boron atom were also included
to provide the right orbital size to describe angular corre-
lations.

The ground state of lithium atom was described by
the five term MCSCF [11] wave function

where $j-, *2-, *2~ , *2p
 and *2]>z r e P r e s e n t the five natu"

rat orbitais used to describe the \\s)* lithium pair.
As an approximation for the n*P continuum states,

we solved for the wave functions

where $17 1s the doubly occupied Is orbital of lithium. The
shape of the <M$ for Li+ was found to be very similar to <t>]J
indicating that relaxation effects could be negligible. The
final wave functions were obtained from CI calculations. For



the ground state we a)lowed all possible excitations (S+D+T)
among the natural orbitais, while for the continuum states we
allowed (S+D) in the natural orbital space plus one electron
in the P orbitais representing the continuum. The CI wave
functions [12] were used to evaluate oscillator strengths and
transition frequencies for various *P«-*S transitions» which,
in turn, were used to compute sum-rules.

Table I shows the spectrum used to compute the com
plex dynamic polarizobility and table II presents the sun-
rules. Figure I shows the photoionization cross-section com-
pared with the experimental results [13] and Fig. II -shows
the results of other theoretical calculations [14]. Figure
III shows the dynamic polarizabi1ity. It is interesting to
notice that while the agreement among the theoretical results
is good, none of them reproduce the maximum value of the ex-
perimental cross-section (1.85Mb). On the other hand the ex-
perimental sum of oscillator strengths for the discrete tra£
sitions is 0.77 [17], leaving 0.23 for all the other transi-
tions before the 1s-*2p channell is open. Working backwards
from the expression for the cross-section one finds that,for
the maximum experimental value to be achieved it would be
necessary to concentrate all the oscillator strength left for
the continuum transitions on that particular energy corres-
ponding to the maximum value of the cross-section. The curve
should be very sharp at that point and should fall down much
faster than it is experimentally or theoretically observed.

•Presently visiting professor at Universidade Federal Flumi-
nense, Niterói, RJ, Brasil.
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Table I

T r a n s i t i o n energies (eV) and o s c i l l a t o r s t renghts

A B C

f w f w f w
on on on on on on

0.785 1.873 0.786 1.873 0.786 1.873
0.004 3.827 0.004 3.827 0.004 3.827
0.006 4.572 &.006 4.572 0.007 • 4.514
0.015 5.428 0.015 5.427 0.016 5.874
0.032 7.C94 0.032 7.094 0.031 7.525
0.054 10.526 0.054 10.526 0.051 10.922
0.069 19.126 0.069 19.127 0.067 19.470
0.047 49.387 0.047 49.386 0.045 49.657

Table I I .

Sum-Rules

K « -2 -1

A 167,6 11.94
B 167.6 11.94
C 167.6 11.95

exp 1 6 4 . 0 *

«See r e f . 18
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FIGURE 1

Photoionization C r o s s - s e c t i o n s ;
experimental r e s u l t ( 1 3 ) ; ;

17.32

pr«s
sent result» basis set using lOp for
the p virtual orbitais and lOslOp for
the 2S fund, state; , U p
for the p and lOslOp for the 2S state;

_ , lOp for the p and
10s5p for 2S state
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FIGURE II - Photoionization Cross-sections; solid line» this
work (10p for p and lOslOp for 2S state); A , Amusia et al
(14); a t • . Chang am! Poe in the dipole L and V formulate
ons. ""

I7U34

~ 503JB38-

a
to

4
to
~+
O
Q.

53SÍ42-

J67.M7

0J0

Energy leVJ

FIGURE I I I - Dynamic Polarizability, up to the threshold of
the f i rs t excited state. (All the basis sets give ^ery simi
lar results).


