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The main objective of this program is to improve our understanding

of the effect of relativity and electron correlations on atomic processes.

Current efforts include hyperfine structure (hfs) studies using the

multiconfiguratlon Dirac-Fock (MCDF) technique. Atomic hfs are known to be

sensitive to relativity and electron correlations, and provide important tests

of relativistic atomic many-body theories. Preliminary results on the hfs of
12 3 1£7

the 4f JH ground state of 6gEr
ic are shown in Table I, and are in good

agreement with experiment.1*2 This shows that the MCDF technique can be an

efficient and powerful method for atomic hfs studies. Further tests of this

method are in progress.

Table I. Magnetic dipole (A) and electric quadrupole (B) hfs constants for

the 4f12 3H ground state of 6 gEr
1 6 7.

State

A(MHz) E(MHz)

MCDF Expt MCDF Expt

\ 123

163

175

.6

.6

.2

-120

-159

-173

• 486a

.522b

• 430b

-4659

-4237

-2181

-4552

-4119

-2429

.959a

.755b

.392b

Smith and Unsworth, Ref. 1.

Childs et al., Ref. 2.

We are also studying the absorption spectra for Xe-like ions in the

region of 4d •»• nf, ef transitions. Through the years, models on 4f orbital

collapse have been developed to explain the spectra of rare earth elements in

the 4d excitation region. These spectra are characterized by giant resonance

like peaks above the 4d ionization limit, with widths ranging from 15-70 eV
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and weak absorption lines in the discrete excitation region. The recently

observed spectrum of Ba , on the other hand, is entirely different and is

rather puzzling. There, the absorption cross section starts from a sizeable

value (~ 30 Mb) at the 4d threshold and decreases raonotonically afterwards.

At the same time, several strong resonance lines appear in the discrete

excitation region.

To understand the Ba spectrum, we reexamine the phenomenon of 4f

orbital collapse and its relation to the 4d10 1S - 4d9nf, £f 1P transitions

for Xe-like ions. Specifically, we study discrete excitations with the terra-

dependent Hartree-Fcck (HF) technique and photoionizations with the

relativistic random-phase approximation (RRPA). We find that orbital collapse

is basically a shape resonance effect. These shape resonances exist because

the effective potential for f electrons has a two well structure where a deep

and narrow *,nner well is separated from a broad and shallow outer well by a

potential barrier. They are actually eigenstates of the inner well which can

"autlionize" by tunnelling out of the potential barrier.

In neutral Xe, the shape resonance is above the 4d ionization limit,

and leads to the broad resonance-like peak in the absorption spectrum. Along

the isoelectronic sequence, as the inner well deepens with increasing Z, the

shape resonance gradually sinks below the ionization limit and becomes a real

bound state. This causes the 4f wave function to collapse into the inner

region, and in the process, to carry the bulk of the available oscillator

strength with it. Thus after the 4f orbital is collapsed, the spectrum

consists of one very intense 4d + 4f P line and practically nothing else.

The situation is clearly shown in Fig. 1, where we plot the

theoretical absorption spectra for Xe-like ions as obtained from our

calculations. In Fig. 1, the rectangles below the 4d thresholds are effective

oscillator strength distributions. The area of each rectangle corresponds to

the value of the discrete oscillator strength fn, and the height of each

rectangle equals fn(n-un) '
Zc i n atomic units (wn is the quantum defect and Z

is the effective core charge). According to the quantum defect theory, the

effective oscillator strength is slowly varying along the Rydberg series and

continues smoothly onto the continuum spectrum. Since the discrete and the

continuum spectra shown in Fig. 1 are calculated with different theoretica1

techniques, they do not match perfectly. Nevertheless, Fig. 1 clearly shows



the gradual transfers of the oscillator

strength from the continuum In Xe to the

collapsed 4f state in higher Z Ions.

Based on our results, the

spectrum of Ba can be explained as

due to the partial collapse of the

4f orbital. It happens when the

shape resonance comes very close

to the ionization limit on its

way to becoming the lowest

eigenstate of the nf spectrum.

Since it has a very broad width

of the order of 60 eV, it interacts

with and affects both the continuum

immediately above it, and the entire

nf Rydberg series below it. This

gives rise to the strong resonance

lines in the observed Ba spectrum,

and the sizeable cross section at

the onset of photoionization. He

are in the process of analyzing the

phase shifts and the quantum defect

functions to provide further

evidence of the partial collapse

of the 4f orbital in Ba"*"*".

so

30

30

30

30

30

30

30

eo

Fig. 1.

1

100 140 180

Photon Energy (eV)

Xe

Cs+

Ba2+

LaJ

Ce4

Pr;

Nd°

.3+

220

Theoretical absorption

spectra for Xe-like ions.

References

1. K. F. Smith and P. J. Unsworth, Proc. Phys. Soc. (London) j$6_, 1.249

(1965).

2. W. J. ChiIds, L. S. Goodman and V. Pfeufer, to be published.

3. T. B. Lucatorto, T. J. Mcllrath, J. Sugar and S. M. Younger, Phys. Rev.

Lett. 47, 1124 (1981).



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
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