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A recent experiment utilizing four-wave parametric generation to study autoionizing
states has been reanalyzed, using a different theoretical line shape from that proposed
in the original article. The agreement between theory and experiment is found to be ex-

cellent.

In a recent Letter,! Armstrong and Wynne have
demonstrated the feasibility of using parametri-
cally generated, tunable, vacuum-ultraviolet ra-
diation (vuv) to study autoionizing states of atom-
ic systems. Using the Fano formalism,? the auth-
ors derive an expression for the line shape of the
vuv as a function of the frequency of the incident
light, and use this expression to fit their experi-
mental data for Sr I. From these fits, they are
able to obtain widths and ¢ values (as defined by
Fano?) for the autoionizing states.

As remarked by Armstrong and Wynne, the ex-
perimental line shapes obtained are noticeably
higher in the wings than are the corresponding
theoretical line shapes. Thinking that this inter-
esting discrepancy might be caused by power-
broadening effects, we undertook a calculation of
the process using the resolvent formalism.* Tak-
ing the low-intensity limit of our calculation, we
found that our result disagreed significantly with
the expression for the vuv line shape [Eq. (3) of
Ref. 1] given by Armstrong and Wynne.

Because the theoretical line shape is essential
to the proper interpretation of the experimental
data, we attempted to resolve this discrepancy.

It seems to be related directly to the method used
by Armstrong and Wynne to evaluate the integrals
involved in the calculation.

In performing the integral required to go from
Eq. (2) to Eq. (3) of Ref. 1, Armstrong and Wynne
interpreted the integral as a principle-part inte-
gral.* However, in general, when a perturbation
calculation involves intermediate states which be-
long to a continuum, the resulting integrals are
not taken totally along the real axis, but are de-
formed so as to pass below all poles which ap-
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pear on the real axis.® This corresponds to re-
placing the resonant denominator (V,, —v )™ of
Eq. (2), Ref. 1, by Pty =V yyy) L +iT0(V e = V yuy).
The result obtained by using this expression
agrees with results obtained using a resolvent
formalism.

The expression obtained in this way for the non-
linear susceptibility Ix(x)|? is given by
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where ¢, and g;. are the Fano parameters? for
the states lg) and ), requ:tively, and x is the
normalized energy' (v, —E)/3T, with E the en-
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FIG. 1. Comparison of experimental data of Arm-
strong and Wynne (Ref, 1) to theory [Eq. (1)] for the
intermediate state 5s5d 'D,. The vertical scale is ar-
bitrarily set to unity, and x = (v, —E)/3T.
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FIG. 2. Comparison of experimental data of Arm-
strong and Wynne (Ref. 1) to theory [Eq. (1)] for the in-
termediate state 50°D,. The vertical scale is arbitrar-
ily set to unity, and x = (iv,,, —E)/3T.

ergy separation between the autoionizing state ¢
and 1j’) and I =271V I the linewidth of the auto-
ionizing state. It is this expression which should
be utilized in the interpretation of data obtained
in this type of experiment.

We have used Eq. (1) to analyze the data of
Armstrong and Wynne.* There are five parame-
ters involved in the analysis of each curve: g,
q;+, the width I', a scaling factor which turns Eq.
(1) into an equality rather than a proportionality,
and the value of the background signal upon which
the experimental peaks are superimposed. When
all five parameters were allowed to vary freely,
only I was determined reasonably well, As it

was obviously necessary to decrease the number
of variables, we fixed g, at the value obtained by
Garton et al.f q,=-3.5; a subsequent fitting of
the data then produced unambiguous values of the
remaining four parameters. The data for the |j’)
=15s5d'D,) intermediate state resulted in the val-
ues I'=16.5 cm™ and ¢;»=2.1. It was noted, how-
ever, that these data are relatively insensitive to
the values of ¢, and ¢g;. Figure 1 shows the ex-
cellent agreement between theory and experiment
in this case. The data for the |j”)=15p%1D,) inter-
mediate state result in an almost identical value
of the common parameter I', T'=17.5 cm™, and
a very small value for g;», q;»=~-0.6. The com-
parison between experiment and theory in this
case is shown in Fig. 2. The values quoted above
for I are essentially identical to those obtained
when all five parameters were allowed to vary
and are not inconsistent with the value for I
found by Garton et al.? of 20.2 cm™,
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