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The positions E = & + A of the "*(S¢, P°, D¢) autoionizing states of Li* below the n = 2 threshold of Li**
have been calculated using the Feshbach projection-operator technique. The trial wave function is of Hylleraas
type. Widths I" and shifts A of these states have been calculated using the exchange approximation for the
continuum functions. The calculated positions are generally lower than those obtained in previous calculations.
Widths of most of the states have not previously been calculated. The positions are also compared with
experimental results of Ziem, Bruch, and Stolterfoht and Bruch et al. Positions of the nonautoionizing
(quasibound) *P¢, '*D° states have also been calculated. The positions in all cases are lower than those

obtained in previous calculations.

AUTOIONIZATION STATES

During the last few years, the autoionization
states of He and H™ have been studied extensively
both theoretically and experimentally. Recently,
Bruch ef al.' determined the positions of the lowest
L3P autoionization states in Li* by beam-foil ex-
periments, and Ziem et al.? determined the lowest
'S and 3P resonance positions by He* and H* im-
pact on Li*. Bruch et al.! also calculated the
positions of a large number of resonances using
hydrogenic functions, but did not calculate widths.

In this paper we present the positions and widths
of these resonances obtained by the Feshback
projection-operator technique. In this method
which is now well -known,® we define the projection
operators P and @ such that P+@Q =1. P does not
affect the asymptotic form of the wave function,
and @ is such that QHQ has a discrete spectrum
whose eigenvalues are very close to the autoioniza-
tion energies of the system. The details of the
calculations have been given in previous papers.*
Here we give the necessary formulas for the posi-
tions and the widths.

The position of the resonance is given by

E=6+4, (1)

where & is determined variationally by minimizing
the functional

& = (PQHQ®)/(DQ ) . (2)
The total Hamiltonian of the system is given by
2z 2z 2
II:—Vi-—Vg———_———-.i.-——_ (3)

Yy Y2 e

(Rydberg units are used throughout.) The pro-
jection operator is given by

@=1-P -P,+PP, (4)
=1-P, (5)
Pi= @@ )Xeo ()], 6)

where ¢, (T,) is the ground state of the ith particle
in the nuclear field of charge z:

@o(T) = (2/m)2e " (7

® is a trial function of angular momentum, spin,

and parity appropriate to the state.® In this case,
® is a Hylleraas-type function. The width of the

resonance is calculated from

=2k [(PYHQ®)|?, (8)

where k®, the energy of the scattered electron, is
related to the resonance position by

B —z*=E. 9)
The nonresonance continuum function, P¥, is here

calculated in the exchange approximation® in which
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15 AUTOIONIZATION AND QUASIBOUND STATES OF Li* 1317

the wave function is approximated by
¥ =P¥=(1/V2)[u)e,T,) +(1—2)], (10)

where u(F) is the scattering function. The upper
sign corresponds to the singlet states, and the
lower sign corresponds to the triplet states.
Widths of autoionization states in He were found

to be insensitive to different approximations.* And
since the polarizability of Li** is even smaller than
that of He*, the exchange approximation should be
more than sufficient in this case. This is because
the polarization is the main additional contribution
to the nonresonant equation® beyond the exchange
approximation itself; this correction can con-
fidently be omitted in this application. The shift

is given by

1 I'(E')dE
A“EF( E - E’ @f E - E'>

=8,+4A,, (11)

where the first term represents the contribution
from the bound states and the second term repre-
sents the contribution from the continuum.*

Table I gives the quantities §, 4,, A, 4, the
positions E with respect to the ground state of
Li**, and the widths I" of the !'35%, *P° and '3D¢
autoionization states of Li*. The results of the
calculations of Perrott and Stewart” and of Bruch
et al. are also given. Perrott and Stewart carried
out their calculation in @ space using a restricted
Hylleraas-type wave function. It should be noted
that Bruch et al. constructed the wave functions
for these states to be explicitly in @ space by using
hydrogenic functions. Therefore the positions cal-
culated by them as well as those of Perrott and
Stewart correspond to the unshifted positions &;
in both calculations shifts were not computed. The
present results are seen to be lower than their
results except in the case of the second and third
3D¢ states. The widths of the lowest 'S¢ and D¢
states of Perrott and Stewart are the only available
results, and the agreement of the two sets of re-
sults is good.

Table I also gives the positions of the lowest
1S¢, 13P° states determined experimentally by
Ziem et al.? and the positions of the lowest '3P°
states determined by Bruch et al.’ The experimen-
tal results are seen to be higher than the calcula-
ted positions. The only experimental determina-
tion of the widths is for the 1S° state as reported
by Ziem et al., but the error in this state is rather
large. It would be desirable to have an experimen-
tal determination of the positions of other states
and widths of all states.

TABLE II. Positions of °P¢ and 3D states of Li*.

Bruch

State A N E (Ry) E? et al, P
3pe 1 84  -3.593296  73.5627  173.7251
2 84  -2.747178  85.0748  85.1713

3 84  -2.521086  88.1510  88.2070

4 84 -2420559 89.5187  89.5521

ipe 1 112 -2.743196 85.1290 85.1564
2 112 -2.518775 88.1824  88.2003

3 112 -2419012 89.5398  89.5493

3pe 1 112 -2.714228 85.5231  85.5668
2 112  -2.507804 88.3317  88.3596

3 113 -2413457 89.6154  89.6290

2 represents the sequential order of the states. N is
the total number of the terms in the trial wave function
®. The positions in eV are with respect to the ground
state of Li*" obtained by using ®R. = 13.605826 eV.

b Reference 1.

QUASIBOUND STATES

The *P° and “"°D° states cannot undergo auto-
ionization because the parity and angular momen-
tum of these states cannot be conserved relative
to the ground state of Li** and a scattered electron.
Therefore these states can be calculated as bound
states.® Their positions are calculated variation-
ally by minimizing the functional

E=(®H®)/3d). (12)

The wave function for ®P° states, which was mis-
printed in the previous paper,® is given by

¢ (-fu Fz) = [f('Vu Va5 7/12) + f(sz Vs Vlz)]DT ) (13)

where D" is the rotational harmonic depending on
the symmetric Euler angles'® 6, ¢, 4. The trial
radial function f is given by

P - 6 5
fryry,rp)=e @7rors )7/172 sind,,

XD 2 2o, (14)

120 m=0 n=0

where y and 6 are the nonlinear parameters. The
wave function for »»3D° gtates is given in Ref. 11.

The positions of some of these states converging

to the n=2 threshold of Li** are given in Table II,
and the results are compared with those of Bruch
el al. The present positions are lower than their
results.
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