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Calculation of Photoabsorption Processes in Helium
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The cross section for photoionization is expressed as an integral over the dipole re-
sponse function in a form that yields a unified procedure for calculating the background
and the resonance contributions. Application is made to absorption by triplet metastable
helium.

We have developed a simple procedure for the
unified prediction of the background and reso-
nance contributions to photoabsorption processes
in atoms and molecules. The procedure is based
upon an interchange theorem satisfied by the
transition matrix element involved. If the transi-
tion from an initial state C,. to a final continuum
state gz'(E) of energy E is caused by an operator
D, the matrix element that we need to evaluate is
(I;IDIO&'(E)). We may write the outgoing final-
state wave function Pz'(E) in terms of the Green's
function G~ of the total system in the form

4g'(E) = (I+G~~)@(E),

where C (E) is the scattering solution in the ab-
sence of the interaction potential V. between the
separated systems. Then

&c;IDI( '(E)&=&+;IDlc(E))+&4;DG,II'Ic(E)&

= &~(E)IDlc, &
*+&~(E) I

I IG~~,&*.

The function G~D4, = y,. (E) is the linear response
function of the system 4,. for the perturbation D,
and it may be calculated approximately in various
ways. For the dipole moment operator, the cor-
responding X, (E) occurs in the evaluation of the
frequency-dependent dipole polarizability, which
has been carried through for simple systems
using time-dependent Hartree-Fock theory or
the random-phase approximation and by variation-
al configuration interaction methods.

We have used the latter method to explore the
photoionization continuum and the resonance
structures in the helium sequence associated with
the photoabsorption processes

He(ls2s) "S+hv- He(2s2P) "P
—He'(1s) 'S+e,

He(1s') 'S+hv- He(2s2p) 'P

—He '(1s) 'S+ e.

The function y,. was represented by a discrete set
of real Hylleraas correlated functions which were
subjected to a unitary transformation to produce
orthogonal eigenvectors 8„such that (8„[H i 8„')
= E„6„„'.Then the matrix element is approximated
by

&~, IDIO, '&- &c, IDlc (E)&

, ' «;IDI8.)&8 lvl@E)&
E —e„+iI'„/2

I"„being the width 2w l(4(E)l VI 8„)1'p(E). One
basis function 0„ is so chosen that it accurately
represents the resonance configuration and the
remaining N —1 functions provide an approxima-
tion to the continuous background. The procedure
can be viewed alternatively as an extension of the
root-stabilization method, the formal basis of
the calculation deriving from the Feshbach con-
struction of the optical potential. The second
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We shall present further discussion

me od in a forthcoming paper.
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