5 SIMPLIFIED APPROACHES TO REARRANGEMENT PROCESSES. ..

to provide good estimates of scattering parameters
for a variety of scattering systems with a reason-
able amount of computational effort. In this con-
nection, the important question which has not yet
been answered is the rate of convergence of [A] as

the number of parameters in P¥,; and QV¥, increases.

This problem may best be studied by many careful
applications of the procedure to different physical
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systems, such as e¢’H, nd, and pd. For the pres-
ent approach to be effective, it is important to as-
certain whether P, ¥, in (3. 2) can be obtained
readily when the effect of @,¥; js neglected. The
rest of the problem may not be so crucial then,
since the integrals involved in (3. 3) are essentially
of the same type as those in (3. 2) and, in addition,
M, is bounded in the @, subspace.

'y, Hahn, Phys. Rev. C 1, 12 (1970). We refer to this
paper for details of the notation., Specifically, we impose
the standing wave boundary conditions throughout. The
scattering parameter )\ depends on the way in which the
scattering functions are normalized and is directly re-
lated to the reaction matrix.
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Differential cross sections for excitation of the 6 ‘P1 and 6p’ 3P1 states of mercury have been
measured at angles where minima of the generalized oscillator strengths could be expected.

The minima appeared for both channels.

Contrary to the results of the first Born approxima-

tion, their position depends not only on the momentum transfer but also on the primary energy.
The confidence of some authors in the reliability of the Born approximation for inelastic scat-

tering is not justified.

Recent experimental® and theoretical? studies of
spin polarization and differential cross sections of
electrons which have been scattered by Hg atoms
showed the following facts: At lower energies
(25 and 30 eV) these curves look quite different for
elastically and inelastically scattered electrons,
whereas with increasing energy a striking resem-
blance between elastic and inelastic curves be-
comes noticeable.

There is, however, one exception to the latter
statement: At small angles there appears a shoul-
der in the inelastic cross sections which does not
match the features in the elastic cross sections.
Its origin can be explained on the basis of the first
Born approximation by a minimum of the general-
ized oscillator strength f.3~°

For a systematic study of this feature measure-
ments of inelastic differential cross sections for

excitation of the 6'P,and 6p’°P, states of mercury
have been made. These measurements are an
extension to smaller angles of our experiments on
spin polarization and differential cross sections
for inelastic electron scattering. For a descrip-
tion of the apparatus we refer to these experiments,
which were published elsewhere, '8

We must emphasize, however, the pointdiscussed
in the above papers!'® that at the smaller angles
studied here the errors are somewhat larger than
in the range of larger angles. The error of the
cross sections for the 6P, channel is about 5%.
It is larger for the 6p’°P, channel, since, owing
to the limited over-all energy resolution of 0.8
eV, neighboring channels (particularly the 6p’ 1P,
channel) may contribute to the observed intensity.
This contribution is at most 15% at the smallest
angles observed. Its influence on the shape of the
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FIG. 1. (a) Differential cross sections for excitation of
the 6 1P state of Hg (energy loss 6.7 eV). Curves are
fitted at the smallest angles to the data of Skerbele and
Lassettre (Ref. 5). (b) Generalized oscillator strengths
for excitation of the 6 1P1 state of Hg. At the smallest
momentum transfers the curves are fitted to the data of
Skerbele and Lassettre (Ref. 5). (K)? in atomic units.

cross section observed should be much smaller
because of the similarity of the cross-section
curves. Experiments of the present type are of

no value unless they include thorough studies of the
influence of plural scattering. By the tests de-
scribed in Ref. 1 and in the thesis quoted there,
we made sure that the measurements were not
affected by plural scattering. It was experimen-
tally verified that the results did not change when
the target density was reduced.

Figure 1(a) shows differential cross sections for
excitation of the 6P, state of mercury. In the
first Born approximation the cross section can be
written

do(K) 2me* k, 1
aa " GrE By w TE): 0

len

where f is the generalized oscillator strength

2m =2k . .
f(&)= WW] I\Po?e“{ T, dEy. . dry|? 0 (2)

HK=7|K|="7 |k - K,| being the momentum transfer,
W the excitation energy, ?, the position vector of
the jth electron of the atom, and ¥, and ¥, the
atomic wave functions in the ground state and the
excited state. Figure 1(b) shows the generalized
oscillator strengths calculated from the cross
sections of Fig. 1(a) by means of Eq. (1). The
curves are fitted to the universal curve of Skerbele
and Lassettre® at our smallest momentum trans-
fers, since there was agreement between their
results and ours at the energies 300, 400, and 500
eV which we had in common. Because of the
angular resolution of 0.75° the uncertainty of this
fit is about 20%.

According to Eq. (2), f is a function of K only,
so that one should get a universal curve f(Kz) for
all primary energies. Figure 1(b) shows that this
is not true, except for the smallest momentum
transfers. The first Born approximation on which
Egs. (1) and (2) are based is therefore no longer
valid for most of the angular range covered by our
measurements. At the higher energies the dif-
ferences between the curves are small, showing
that the deviations from the Born approximation
are not serious. With decreasing energy, how-
ever, the differences are rapidly increasing.

Figure 2 shows the position of the minimum of
f for different primary energies. According to
the first Born approximation, the minimum should
stay at a fixed value of (%K)>.

The results of Geltman and Hidalgo" on the un-
reliability of the first Born approximation for non-
forward inelastic scattering (though obtained for

hK)au.
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FIG. 2. Position of the minimum of the generalized
oscillator strength for excitation of the 6 ! state of Hg
at different primary energies: circles, experimental
data, 0 scale; squares, experimental data, (7K)? scale;
triangles, theoretical data from Bonham (Ref. 9), 6
scale. Error bars caused by angular resolution.
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FIG. 3. Like Fig. 1, but forthe6p’ 3P, state (energy
loss 11.0 eV). Curves fitted to yield energy-independent
data for f at the smallest momentum transfers.

hydrogen) are therefore strongly supported by our
measurements, whereas Skerbele and Lassettres
expectation “that the Born approximation also
holds at larger values of the momentum change
could not be confirmed. It should be mentioned
that the discrepancy between our results and the
curve of Fig. 2 of Skerbele and Lassettre for
(7K)?> 2disappeared when Miss Skerbele kindly
remeasured her values.?
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There appears at present to be only a few wave
functions available for computing the oscillator
strength for the 6P, state of Hg.? The function
of Bates and Damgaard,mbased on a Coulomb
approximation, in the one-electron excitation
approximation gives reasonable agreement with
the optical oscillator strength but no zeros in the
generalized oscillator strength. The radial 6s
wave function of Hartree and Hartree!! and the
radial 6p wave function of Mishra, *? both based on
the Hartree approximation, lead to the prediction
of several zeros in the first Born cross section in
the one-electron excitation approximation but
yield values of the optical oscillator strength that
differ from experiment by more than a factor of 3.
The results of the calculation using the latter wave
functions are shown for the first zero in the cross
section in Fig. 2. The present work points up the
desirability of obtaining accurate theoretical gen-
eralized oscillator strengths for heavy atoms.!®

Similar measurements for the 6p’ 3P1 channel
are shown in Fig. 3. Also for this state, pro-
nounced minima of the generalized oscillator
strengths were found. Their position is shifted
to somewhat larger momentum transfers com-
pared with the 6'P; channel.

At energies of 60 and 30 eV the minima disap-
peared in both channels. Because of the great
theoretical interest*!? in these results we plan to
continue the measurements for some other ele-
ments, where minima of the generalized oscil-
lator strengths can be expected, too.

The authors wish to thank Professor B. L.
Moiseiwitsch for supplying the theoretical value of
the first zero in the Born cross section and Pro-
fessor R. A. Bonham for suggesting the search
for the zero in the generalized oscillator strength.
We gratefully acknowledge support by the Deutsche
Forschungsgemeinschaft.
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